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environments and various combinations thereof, including, language interpreter attempts to determine both the meaning
by way of just a few examples: a general-purpose hardware of spoken words (semantic processing) as well as the
microprocessor such as the Intel Pentium series; operating grammar of the statement (syntactic processing), such as the
system software such as Microsoft Windows/CE, Palm OS, Gemini Natural Language Understanding System developed
or Apple Mac OS (particularly for client devices and client- 5 by SRI International. The Gemini system is described in
side processing), or Unix, Linux, or Windows/NT (the latter detail in publications entitled "Gemini: A Natural Language
three particularly for network data servers and server-side System for Spoken-Language Understanding" and "Inter-
processing), and/or proprietary information access platforms leaving Syntax and Semantics in an Efficient Bottom-Up
such as Microsoft's WebTV or the Diva Systems video-on- Parser," both of which are currently available online at
demand system. lo http://www.ai.sri.com/natural-language/projects/arpa-sls/
2. Processing Methodology nat-lang.html. (Copies of those publications are also

The present invention provides a spoken natural language included in an information disclosure statement submitted
interface for interrogation of remote electronic databases herewith, and are incorporated herein by this reference).
and retrieval of desired information. A preferred embodi- Briefly, Gemini applies a set of syntactic and semantic
ment of the present invention utilizes the basic methodology 15 grammar rules to a word string using a bottom-up parser to
outlined in the flow diagram of FIG. 4 in order to provide generate a logical form, which is a structured representation
this interface. This methodology will now be discussed. of the context-independent meaning of the string. Gemini

a. Interpreting Spoken Natural Language Requests can be used with a variety of grammars, including general
At step 402, the user's spoken request for information is English grammar as well as application-specific grammars.

initially received in the form of raw (acoustic) voice data by 20 The Gemini parser is based on "unification grammar,"
a suitable input device, as previously discussed in connec- meaning that grammatical categories incorporate features
tion with FIGS. 1-2. At step 404 the voice data received that can be assigned values; so that when grammatical
from the user is interpreted in order to understand the user's category expressions are matched in the course of parsing or
request for information. Preferably this step includes per- semantic interpretation, the information contained in the
forming speech recognition in order to extract words from 25 features is combined, and if the feature values are incom-
the voice data, and further includes natural language parsing patible the match fails.
of those words in order to generate a structured linguistic It is possible for some applications to achieve a significant
representation of the user's request. reduction in speech recognition error by using the natural-

Speech recognition in step 404 is performed using speech language processing system to re-score recognition hypoth-
recognition engine 310. A variety of commercial quality, 30 eses. For example, the grammars defined for a language
speech recognition engines are readily available on the parser like Gemini may be compiled into context-free gram-
market, as practitioners will know. For example, Nuance mar that, in turn, can be used directly as language models for
Communications offers a suite of speech recognition speech recognition engines like the Nuance recognizer.
engines, including Nuance 6, its current flagship product, Further details on this methodology are provided in the
and Nuance Express, a lower cost package for entry-level 35 publication "Combining Linguistic and Statistical Knowl-
applications. As one other example, IBM offers the ViaVoice edge Sources in Natural-Language Processing for ATIS"
speech recognition engine, including a low-cost shrink- which is currently available online through http://
wrapped version available through popular consumer distri- www.ai.sri.com/natural-language/projects/arpa-sls/spnl-
bution channels. Basically, a speech recognition engine int.html. A copy of this publication is included in an infor-
processes acoustic voice data and attempts to generate a text 40 mation disclosure submitted herewith, and is incorporated
stream of recognized words. herein by this reference.

Typically, the speech recognition engine is provided with In an embodiment of the present invention that may be
a vocabulary lexicon of likely words or phrases that the preferable for some applications, the natural language inter-
recognition engine can match against its analysis of acous- preter "learns" from the past usage patterns of a particular
tical signals, for purposes of a given application. Preferably, 45 user or of groups of users. In such an embodiment, the
the lexicon is dynamically adjusted to reflect the current user successfully interpreted requests of users are stored, and can
context, as established by the preceding user inputs. For then be used to enhance accuracy by comparing a current
example, if a user is engaged in a dialogue with the system request to the stored requests, thereby allowing selection of
about movie selection, the recognition engine's vocabulary a most probable result.
may preferably be adjusted to favor relevant words and 50 b. Constructing Navigation Queries
phrases, such as a stored list of proper names for popular In step 405 request processing logic 300 identifies and
movie actors and directors, etc. Whereas if the current selects an appropriate online data source where the desired
dialogue involves selection and viewing of a sports event, information (in this case, current weather reports for a given
the engine's vocabulary might preferably be adjusted to city) can be found. Such selection may involve look-up in a
favor a stored list of proper names for professional sports 55 locally stored table, or possibly dynamic searching through
teams, etc. In addition, a speech recognition engine is an online search engine, or other online search techniques.
provided with language models that help the engine predict For some applications, an embodiment of the present inven-
the most likely interpretation of a given segment of acous- tion may be implemented in which only access to a particu-
tical voice data, in the current context of phonemes or words lar data source (such as a particular vendor's proprietary
in which the segment appears. In addition, speech recogni- 60 content database) is supported; in that case, step 405 may be
tion engines often echo to the user, in more or less real-time, trivial or may be eliminated entirely.
a transcription of the engine's best guess at what the user has Step 406 attempts to construct a navigation query, reflect-
said, giving the user an opportunity to confirm or reject. ing the interpretation of step 404. This operation is prefer-

In a further aspect of step 404, natural language inter- ably performed by query construction logic 330.
preter (or parser) 320 linguistically parses and interprets the 65 A "navigation query" means an electronic query, form,
textual output of the speech recognition engine. In a pre- series of menu selections, or the like; being structured
ferred embodiment of the present invention, the natural- appropriately so as to navigate a particular data source of
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interest in search of desired information. In other words, a
navigation query is constructed such that it includes what-
ever content and structure is required in order to access
desired information electronically from a particular database
or data source of interest.

For example, for many existing electronic databases, a
navigation query can be embodied using a formal database
query language such as Standard Query Language (SQL).
For many databases, a navigation query can be constructed
through a more user-friendly interactive front-end, such as a
series of menus and/or interactive forms to be selected or
filled in. SQL is a standard interactive and programming
language for getting information from and updating a data-
base. SQL is both an ANSI and an ISO standard. As is well
known to practitioners, a Relational Database Management
System (RDBMS), such as Microsoft's Access, Oracle's
Oracle7, and Computer Associates' CA-OpenIngres, allow
programmers to create, update, and administer a relational
database. Practitioners of ordinary skill in the art will be
thoroughly familiar with the notion of database navigation
through structured query, and will be readily able to appre-
ciate and utilize the existing data structures and navigational
mechanisms for a given database, or to create such structures
and mechanisms where desired.

In accordance with the present invention, the query con-
structed in step 406 must reflect the user's request as
interpreted by the speech recognition engine and the NL
parser in step 404. In embodiments of the present invention
wherein data source 110 (or 210 in the corresponding
embodiment of FIG. 2) is a structured relational database or
the like, step 406 of the present invention may entail
constructing an appropriate Structured Query Language
(SQL) query or the like, or automatically filling out a
front-end query form, series of menus or the like, as
described above.

In many existing Internet (and Intranet) applications, an
online electronic data source is accessible to users only
through the medium of interaction with a so-called Common
Gateway Interface (CGI) script. Typically the user who
visits a web site of this nature must fill in the fields of an
online interactive form. The online form is in turn linked to
a CGI script, which transparently handles actual navigation
of the associated data source and produces output for
viewing by the user's web browser. In other words, direct
user access to the data source is not supported, only medi-
ated access through the form and CGI script is offered.

For applications of this nature, an advantageous embodi-
ment of the present invention "scrapes" the scripted online
site where information desired by a user may be found in
order to facilitate construction of an effective navigation
query. For example, suppose that a user's spoken natural
language request is: "What's the weather in Miami?" After
this request is received at step 402 and interpreted at step
404, assume that step 405 determines that the desired
weather information is available online through the medium
of a CGI-scripted interactive form. Step 406 is then prefer-
ably carried out using the expanded process diagrammed in
FIG. 5. In particular, at sub-step 520, query construction
logic 330 electronically "scrapes" the online interactive
form, meaning that query construction logic 330 automati-
cally extracts the format and structure of input fields
accepted by the online form. At sub-step 522, a navigation
query is then constructed by instantiating (filling in) the
extracted input format-essentially an electronic template-
in a manner reflecting the user's request for information as
interpreted in step 404. The flow of control then returns to
step 407 of FIG. 4. Ultimately, when the query thus con-

structed by scraping is used to navigate the online data
source in step 408, the query effectively initiates the same
scripted response as if a human user had visited the online
site and had typed appropriate entries into the input fields of

5 the online form.
In the embodiment just described, scraping step 520 is

preferably carried out with the assistance of an online
extraction utility such as WebL. WebL is a scripting lan-
guage for automating tasks on the World Wide Web. It is an

l0 imperative, interpreted language that has built-in support for
common web protocols like HTTP and FTP, and popular
data types like HTML and XML. WebL's implementation
language is Java, and the complete source code is available
from Compaq. In addition, step 520 is preferably performed

15 dynamically when necessary-in other words, on-the-fly in
response to a particular user query-but in some applica-
tions it may be possible to scrape relatively stable
(unchanging) web sites of likely interest in advance and to
cache the resulting template information.

20 It will be apparent, in light of the above teachings, that
preferred embodiments of the present invention can provide
a spoken natural language interface atop an existing, non-
voice data navigation system, whereby users can interact by
means of intuitive natural language input not strictly con-

25 forming to the linear browsing architecture or other artifacts
of an existing menu/text/click navigation system. For
example, users of an appropriate embodiment of the present
invention for a video-on-demand application can directly
speak the natural request: "Show me the movie

30 'Unforgiven"'-instead of walking step-by-step through a
typically linear sequence of genre/title/actor/director menus,
scrolling and selecting from potentially long lists on each
menu, or instead of being forced to use an alphanumeric
keyboard that cannot be as comfortable to hold or use as a

35 lightweight remote control. Similarly, users of an appropri-
ate embodiment of the present invention for a web-surfing
application in accordance with the process shown in FIG. 5
can directly speak the natural request: "Show me a one-
month price chart for Microsoft stock" -instead of poten-

40 tially having to navigate to an appropriate web site, search
for the right ticker symbol, enter/select the symbol, and
specify display of the desired one-month price chart, each of
those steps potentially involving manual navigation and data
entry to one or more different interaction screens. (Note that

45 these examples are offered to illustrate some of the potential
benefits offered by appropriate embodiments of the present
invention, and not to limit the scope of the invention in any
respect.)

c. Error Correction
50 Several problems can arise when attempting to perform

searches based on spoken natural language input. As indi-
cated at decision step 407 in the process of FIG. 4, certain
deficiencies may be identified during the process of query
construction, before search of the data source is even

55 attempted. For example, the user's request may fail to
specify enough information in order to construct a naviga-
tion query that is specific enough to obtain a satisfactory
search result. For example, a user might orally request
"what's the weather?" whereas the national online data

60 source identified in step 405 and scraped in step 520 might
require specifying a particular city.

Additionally, certain deficiencies and problems may arise
following the navigational search of the data source at step
408, as indicated at decision step 409 in FIG. 4. For

65 example, with reference to a video-on-demand application,
a user may wish to see the movie "Unforgiven", but perhaps
the user can't recall name of the film, but knows it was
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directed by and starred actor Clint Eastwood. A typical
video-on-demand database might indeed be expected to
allow queries specifying the name of a leading actor and/or
director, but in the case of this query-as in many cases-
that will not be enough to narrow the search to a single film,
and additional user input in some form is required.

In the event that one or more deficiencies in the user's
spoken request, as processed, result in the problems
described, either at step 407 or 409, some form of error
handling is in order. A straightforward, crude technique
might be for the system to respond simply "input not
understood/insufficient, please try again." However, that
approach will likely result in frustrated users, and is not
optimal or even acceptable for most applications. Instead, a
preferred technique in accordance with the present invention
handles such errors and deficiencies in user input at step 412,
whether detected at step 407 or step 409, by soliciting
additional input from the user in a manner taking advantage
of the partial construction already performed and via user
interface modalities in addition to spoken natural language
("multi-modality"). This supplemental interaction is prefer-
ably conducted through client display device 112 (202, in the
embodiment of FIG. 2), and may include textual, graphical,
audio and/or video media. Further details and examples are
provided below. Query refinement logic 340 preferably
carries out step 412. The additional input received from the
user is fed into and augments interpreting step 404, and
query construction step 406 is likewise repeated with the
benefit of the augmented interpretation. These operations,
and subsequent navigation step 408, are preferably repeated
until no remaining problems or deficiencies are identified at
decision points 407 or 409. Further details and examples for
this query refinement process are provided immediately
below.

Consider again the example in which the user of a
video-on-demand application wishes to see "Unforgiven"
but can only recall that it was directed by and starred Clint
Eastwood. First, it bears noting that using a prior art navi-
gational interface, such as a conventional menu interface,
will likely be relatively tedious in this case. The user can
proceed through a sequence of menus, such as Genre (select
"western"), Title (skip), Actor ("Clint Eastwood"), and
Director ("Clint Eastwood"). In each case-especially for
the last two items-the user would typically scroll and select
from fairly long lists in order to enter his or her desired
name, or perhaps use a relatively couch-unfriendly keypad
to manually type the actor's name twice.

Using a preferred embodiment of the present invention,
the user instead speaks aloud, holding remote control micro-
phone 102, "1 want to see that movie starring and directed
by Clint Eastwood. Can't remember the title." At step 402
the voice data is received. At step 404 the voice data is
interpreted. At step 405 an appropriate online data source is
selected (or perhaps the system is directly connected to a
proprietary video-on-demand provider). At step 406 a query
is automatically constructed by the query construction logic
330 specifying "Clint Eastwood" in both the actor and
director fields. Step 407 detects no obvious problems, and so
the query is electronically submitted and the data source is
navigated at step 408, yielding a list of several records
satisfying the query (e.g., "Unforgiven", "True Crime",
"Absolute Power", etc.). Step 409 detects that additional
user input is needed to further refine the query in order to
select a particular film for viewing.

At that point, in step 412 query refinement logic 340
might preferably generate a display for client display device
112 showing the (relatively short) list of film titles that

satisfy the user's stated constraints. The user can then
preferably use a relatively convenient input modality, such
as buttons on the remote control, to select the desired title
from the menu. In a further preferred embodiment, the first

5 title on the list is highlighted by default, so that the user can
simply press an "OK" button to choose that selection. In a
further preferred feature, the user can mix input modalities
by speaking a response like "I want number one on the list."
Alternatively, the user can preferably say, "Let's see

l0 Unforgiven," having now been reminded of the title by the
menu display.

Utilizing the user's supplemental input, request process-
ing logic 300 iterates again through steps 404 and 406, this
time constructing a fully-specified query that specifically

15 requests the Eastwood film "Unforgiven." Step 408 navi-
gates the data source using that query and retrieves the
desired film, which is then electronically transmitted in step
410 from network server 108 to client display device 112 via
communications network 106.

20 Now consider again the example in which the user of a
web surfing application wants to know his or her local
weather, and simply asks, "what's the weather?" At step 402
the voice data is received. At step 404 the voice data is
interpreted. At step 405 an online web site providing current

25 weather information for major cities around the world is
selected. At step 406 and sub-step 520, the online site is
scraped using a WebL-style tool to extract an input template
for interacting with the site. At sub-step 522, query con-
struction logic 330 attempts to construct a navigation query

3o by instantiating the input template, but determines (quite
rightly) that a required field-name of city-cannot be
determined from the user's spoken request as interpreted in
step 404. Step 407 detects this deficiency, and in step 412
query refinement logic 340 preferably generates output for

35 client display device 112 soliciting the necessary supple-
mental input. In a preferred embodiment, the output might
display the name of the city where the user is located
highlighted by default. The user can then simply press an
"OK" button-or perhaps mix modalities by saying "yes,

4o exactly" -to choose that selection. Apreferred embodiment
would further display an alphabetical scrollable menu listing
other major cities, and/or invite the user to speak or select
the name of the desired city.

Here again, utilizing the user's supplemental input,
45 request processing logic 300 iterates through steps 404 and

406. This time, in performing sub-step 520, a cached version
of the input template already scraped in the previous itera-
tion might preferably be retrieved. In sub-step 522, query
construction logic 330 succeeds this time in instantiating the

50 input template and constructing an effective query, since the
desired city has now been clarified. Step 408 navigates the
data source using that query and retrieves the desired
weather information, which is then electronically transmit-
ted in step 410 from network server 108 to client display

55 device 112 via communications network 106.
It is worth noting that in some instances, there may be

details that are not explicitly provided by the user, but that
query construction logic 330 or query refinement logic 340
may preferably deduce on their own through reasonable

6o assumptions, rather than requiring the use to provide explicit
clarification. For example, in the example previously
described regarding a request for a weather report, in some
applications it might be preferable for the system to simply
assume that the user means a weather report for his or her

65 home area and to retrieve that information, if the cost of
doing so is not significantly greater than the cost of asking
the user to clarify the query. Making such an assumption
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might be even more strongly justified in a preferred
embodiment, as described earlier, where user histories are
tracked, and where such history indicates that a particular
user or group of users typically expect local information
when asking for a weather forecast. At any rate, in the event
such an assumption is made, if the user actually intended to
request the weather for a different city, the user would then
need to ask his or her question again. It will be apparent to
practitioners, in light of the above teachings, that the choice
of whether to program query construction logic 330 and
query refinement logic 340 to make make particular assump-
tions will typically involve trade-offs involving user con-
veience that can be assessed in the context of specific
applications.
3. Open Agent Architecture (OAA®)

Open Agent ArchitectureM (OAA®) is a software
platform, developed by the assignee of the present invention,
that enables effective, dynamic collaboration among com-
munities of distributed electronic agents. OAA is described
in greater detail in co-pending U.S. patent application Ser.
No. 09/225,198, which has been incorporated herein by
reference. Very briefly, the functionality of each client agent
is made available to the agent community through registra-
tion of the client agent's capabilities with a facilitator. A
software "wrapper" essentially surrounds the underlying
application program performing the services offered by each
client. The common infrastructure for constructing agents is
preferably supplied by an agent library. The agent library is
preferably accessible in the runtime environment of several
different programming languages. The agent library prefer-
ably minimizes the effort required to construct a new system
and maximizes the ease with which legacy systems can be
"wrapped" and made compatible with the agent-based archi-
tecture of the present invention. When invoked, a client
agent makes a connection to a facilitator, which is known as
its parent facilitator. Upon connection, an agent registers
with its parent facilitator a specification of the capabilities
and services it can provide, using a high-level, declarative
Interagent Communication Language ("ICL") to express
those capabilities. Tasks are presented to the facilitator in the
form of ICL goal expressions. When a facilitator determines
that the registered capabilities of one of its client agents will
help satisfy a current goal or sub-goal thereof, the facilitator
delegates that sub-goal to the client agent in the form of an
ICL request. The client agent processes the request and
returns answers or information to the facilitator. In process-
ing a request, the client agent can use ICL to request services
of other agents, or utilize other infrastructure services for
collaborative work. The facilitator coordinates and inte-
grates the results received from different client agents on
various sub-goals, in order to satisfy the overall goal.

OAA provides a useful software platform for building
systems that integrate spoken natural language as well as
other user input modalities. For example, see the above-
referenced co-pending patent application, especially FIG. 13
and the corresponding discussion of a "multi-modal maps"
application, and FIG. 12 and the corresponding discussion of
a "unified messaging" application. Another example is the
InfoWiz interactive information kiosk developed by the
assignee and described in the document entitled "InfoWiz:
An Animated Voice Interactive Information System" avail-
able online at http://www.ai.sri.com/-oaa/applications.html.
A copy of the InfoWhiz document is provided in an Infor-
mation Disclosure Statement submitted herewith and incor-
porated herein by this reference. A further example is the
"CommandTalk" application developed by the assignee for
the U.S. military, as described online at http://

www.ai.sri.com/-lesaf/commandtalk.html and in the follow-
ing publications, copies of which are provided in an Infor-
mation Disclosure Statement submitted herewith and
incorporated herein by this reference:

5 "CommandTalk: A Spoken-Language Interface for Battle-
field Simulations", 1997, by Robert Moore, John
Dowding, Harry Bratt, J. Mark Gawron, Yonael Gorfu
and Adam Cheyer, in "Proceedings of the Fifth Con-

10 ference on Applied Natural Language Processing",
Washington, D.C., pp. 1-7, Association for Computa-
tional Linguistics

"The CommandTalk Spoken Dialogue System", 1999, by
Amanda Stent, John Dowding, Jean Mark Gawron,

15 Elizabeth Owen Bratt and Robert Moore, in "Proceed-
ings of the Thirty-Seventh Annual Meeting of the
ACL", pp. 183-190, University of Maryland, College
Park, Md., Association for Computational Linguistics

20 "Interpreting Language in Context in CommandTalk",
1999, by John Dowding and Elizabeth Owen Bratt and
Sharon Goldwater, in "Communicative Agents: The
Use of Natural Language in Embodied Systems", pp.
63-67, Association for Computing Machinery (ACM)

25 Special Interest Group on Artificial Intelligence
(SIGART), Seattle, Wash.

For some applications and systems, OAA can provide an
advantageous platform for constructing embodiments of the
present invention. For example, a representative application

30 is now briefly presented, with reference to FIG. 6. If the
statement "show me movies starring John Wayne" is spoken
into the voice input device, the voice data for this request
will be sent by UI agent 650 to facilitator 600, which in turn
will ask natural language (NL) agent 620 and speech rec-
ognition agent 610 to interpret the query and return the
interpretation in ICL format. The resulting ICL goal expres-
sion is then routed by the facilitator to appropriate agents-
in this case, video-on-demand database agent 640-to

40 execute the request. Video database agent 640 preferably
includes or is coupled to an appropriate embodiment of
query construction logic 330 and query refinement logic
340, and may also issue ICL requests to facilitator 600 for
additional assistance-e.g., display of menus and capture of

45 additional user input in the event that query refinement is
needed-and facilitator 600 will delegate such requests to
appropriate client agents in the community. When the
desired video content is ultimately retrieved by video data-
base agent 640, UI agent 650 is invoked by facilitator 600

50 to display the movie.
Other spoken user requests, such as a request for the

current weather in New York City or for a stock quote,
would eventually lead facilitator to invoke web database
agent 630 to access the desired information from an appro-

55 priate Internet site. Here again, web database agent 630
preferably includes or is coupled to an appropriate embodi-
ment of query construction logic 330 and query refinement
logic 340, including a scraping utility such as WebL. Other
spoken requests, such as a request to view recent emails or

6o access voice mail, would lead the facilitator to invoke the
appropriate email agent 660 and/or telephone agent 680. A
request to record a televised program of interest might lead
facilitator 600 to invoke web database agent 630 to return
televised program schedule information, and then invoke

65 VCR controller agent 680 to program the associated VCR
unit to record the desired television program at the sched-
uled time.
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Control and connectivity embracing additional electronic
home appliances (e.g., microwave oven, home surveillance
system, etc.) can be integrated in comparable fashion.
Indeed, an advantage of OAA-based embodiments of the
present invention, that will be apparent to practitioners in
light of the above teachings and in light of the teachings
disclosed in the cited co-pending patent applications, is the
relative ease and flexibility with which additional service
agents can be plugged into the existing platform, immedi-
ately enabling the facilitator to respond dynamically to
spoken natural language requests for the corresponding
services.
4. Further Embodiments and Equivalents

While the present invention has been described in terms
of several preferred embodiments, there are many
alterations, permutations, and equivalents that may fall
within the scope of this invention. It should also be noted
that there are many alternative ways of implementing the
methods and apparatuses of the present invention. It is
therefore intended that the following appended claims be
interpreted as including all such alterations, permutations,
and equivalents as fall within the true spirit and scope of the
present invention.

What is claimed is:
1. A method for speech-based navigation of an electronic

data source located at one or more network servers located
remotely from a user, wherein a data link is established
between a mobile information appliance of the user and the
one or more network servers, comprising the steps of:

(a) receiving a spoken request for desired information
from the user utilizing the mobile information appli-
ance of the user, wherein said mobile information
appliance comprises a portable remote control device
or a set-top box for a television;

(b) rendering an interpretation of the spoken request;
(c) constructing a navigation query based upon the inter-

pretation;
(d) utilizing the navigation query to select a portion of the

electronic data source; and
(e) transmitting the selected portion of the electronic data

source from the network server to the mobile informa-
tion appliance of the user.

2. The method of claim 1, wherein the step of rendering
the interpretation of the spoken request is performed by the
mobile information appliance.

3. The method of claim 1, wherein the step of rendering
the interpretation of the spoken request is performed by the
mobile information appliance.

4. The method of claim 1, further comprising the steps of
soliciting additional input from the user, including user
interaction in a modality different than the original request;
refining the navigation query, based upon the additional
input; and using the refined navigation query to select a
portion of the electronic data source.

5. The method of claim 1, wherein the data link includes
a cellular telephone system.

6. The method of claim 1, wherein steps (a)-(d) are
performed with respect to multiple users.

7. The method of claim 1, wherein the mobile information
appliance is a wireless telephone.

8. The method of claim 1, wherein the mobile information
appliance is a portable computing device.

9. The method of claim 8, wherein the portable computing
device is a personal digital assistant.

10. A computer program embodied on a computer read-
able medium for speech-based navigation of an electronic
data source located at one or more network servers located

remotely from a user, wherein a data link is established
between a mobile information appliance of the user and the
one or more network servers, comprising:

(a) a code segment that receives a spoken request for
5 desired information from the user utilizing the mobile

information appliance of the user, wherein said mobile
information appliance comprises a portable remote
control device or a set-top box for a television;

(b) a code segment that renders an interpretation of the
10 spoken request;

(c) a code segment that constructs a navigation query
based upon the interpretation;

(d) a code segment that utilizes the navigation query to
select a portion of the electronic data source; and

15 (e) a code segment that transmits the selected portion of

the electronic data source from the network server to
the mobile information appliance of the user.

11. The computer program of claim 10, wherein the
rendering of the interpretation of the spoken request is

20 performed at the one or more network servers.
12. The computer program of claim 10, wherein the

rendering of the interpretation of the spoken request is
performed by the mobile information appliance.

13. The computer program of claim 10, further compris-
25 ing a code segment that solicits additional input from the

user, including user interaction in a modality different than
the original request; a code segment that refines the navi-
gation query, based upon the additional input; and a code
segment that uses the refined navigation query to select a

30 portion of the electronic data source.
14. The computer program of claim 10, wherein the data

link includes a wireless telephone system.
15. The computer program of claim 10, wherein code

segments (a)-(d) are executed with respect to multiple users.
35 16. The computer program of claim 10, wherein the

mobile information appliance is a wireless telephone.
17. The computer program of claim 10, wherein the

mobile information appliance is a portable computing
device.

40 18. The computer program of claim 17, wherein the
portable computing device is a personal digital assistant.

19. A system for speech-based navigation of an electronic
data source located at one or more network servers located
remotely from a user, comprising:

45 (a) a mobile information appliance operable to receive a
spoken request for desired information from the user,
wherein said mobile information appliance comprises a
portable remote control device or a set-top box for a
television;

50 (b) spoken language processing logic, operable to render
an interpretation of the spoken request;

(c) query construction logic, operable to construct a
navigation query based upon the interpretation;

(d) navigation logic, operable to select a portion of the
55 electronic data source using the navigation query, and

(e) electronic communications infrastructure for transmit-
ting the selected portion of the electronic data source
from the network server to the mobile information
appliance of the user.

60 20. The system of claim 19, wherein the spoken language
processing logic renders the interpretation of the spoken
request at the one or more network servers.

21. The system of claim 19, wherein the spoken language
processing logic renders the interpretation of the spoken

65 request at the mobile information appliance.
22. The system of claim 19, further comprising user

interaction logic operable to solicit additional input from the

Petitioner Microsoft Corporation - Ex. 1008, p. 699
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user, including user interaction in a modality different than 25. The system of claim 19, wherein the mobile informa-
the original request; and query refining logic operable to tion appliance is a wireless telephone.
refine the navigation query based upon the additional input; 26. The system of claim 19, wherein the mobile informa-
wherein the navigation logic users the refined navigation tion appliance is a portable computing device.
query to select a portion of the electronic data source. 5

23. The system of claim 19, wherein the data link includes 27. The system of claim 26, wherein the portable com-

a cellular telephone system. puting device is a personal digital assistant.
24. The system of claim 19, wherein the system operates

with respect to multiple users. * * * * *
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NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 

NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

BACKGROUND OF THE INVENTION 

~Continuation In Part of co-pending U.S. Patent Application No. 

09/225,198, fifed January 5, 1999, Provisional U.S. Patent Application No. 

60/124,718, filed March 17, 1999, Provisional U.S. Patent Application No. 

60/124,720, filed March 17, 1999, and Provisional U.S. Patent Application No. 

60/124,719, filed March 17, 1999, from which applications priority is claimed and 

Io these application are incorporated herein by reference. 

15 

The present invention relates generally to the navigation of electronic data by 

means of spoken natural language requests, and to feedback mechanisms and methods 

for resolving the error~ and ambiguities that may be associated with such requests. 

As global electronic connectivity continues to grow, and the universe of 

electronic data potentially available to users continues to expand, there is a growing 

need for information navigation technology that allows relatively na"ive users to 

navigate and access desired data by means of natural language input. In many of the 

most important markets -- including the home entertainment arena, as well as mobile 

computing -- spoken natural language input is highly desirable, if not ideal As just 

20 one example, the proliferation of high-bandwidth communications infrastructure for 

the home entertainment market (cable, satellite, broadband) enables delivery of 

movies-on-demand and other interactive multimedia content to the consumer's home 

television set. For users to take full advantage of this content stream ultimately 

requires interactive navigation of content databases in a manner that is too complex 

25 for user-friendly selection by means of a traditional remote-control clicker. Allowing 

spoken natural language requests as the input modality for rapidly searching and 

accessing desired content is an important objective for a successful consumer 

entertainment product in a context offering a dizzying range of database content 

choices. As further examples, this same need to drive navigation of (and transaction 

30 with) relatively complex data warehouses using spoken natural language requests 

applies equally to surfing the Internet/Web or other networks for general information, 

multimedia content, or e-commerce transactions . 

. I . 
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NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN

NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK

BACKGROUND OF THE INVENTION

ne:3,4, Continuation In Part of co-pending U.S. Patent Application No.
09/225,198, filed January 5, 1999, Provisional U.S. Patent Application No.

60/124,718, filed March 17, 1999, Provisional U.S. Patent Application No.

60/124,720, filed March 17, 1999, and Provisional U.S. Patent Application No.
60/124,719, filed March 17, 1999, from which applicationspriority is claimed and

these application are icorporated herein by reference.

The present invention relates generally to the navigation of electronic data by

means of spoken natural language requests, and to feedback mechanisms and methods

for resolving the errors and ambiguities that may be associated with such requests.

ASglobal electronic connectivity continues to grow, and the universe of

electronic data potentially available to users contimues to expand, there is a growing

need for information navigation technology that allows relatively naive users to

navigate and access desired data by means ofnatural language mput. In many ofthe

most important markets -- including the homeentertainmentarena, as well as mobile

computing -- spoken natural language input1s highly desirable, if not ideal. As just

one example, the proliferation of high-bandwidth communications infrastructure for

the home entertainment market (cable, satellite, broadband) enablesdelivery of

movies-on-demand andother interactive multimedia content to the consumer's home

television set. For users to take full advantage of this content stream ultimately

requires interactive navigation of content databases in a mannerthat is too complex

for user-friendly selection by meansof a traditional remote-control checker. Allowmg

spoken natural language requests as the input modality for rapidly searching and

accessing desired content is au importantobjective for a successful consumer

entertainment productin a context offering a dizzying range of database content

choices. Ag further exampies, this same need to drive navigation of{and transaction
with) relatively complex data warehouses using spoken natural language requests

applies equally to surfing the Intemet/Web or other networks for general information,

multimedia content, or e-commerce transactions.
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In general, the existing navigational systems for browsing electronic databases 

and data warehouses (search engines, menus, etc.), have been designed without 

navigation via spoken natural language as a spe.cific goal. So today's world is full of 

existing electronic data navigation systems that do not assume browsing via natural 

5 spoken commands, but rather assume text and mouse-click.inputs (or in the case of 

TV remote controls, even less). Simply recognizing voice commands within an 

extremely limited vocabulary and grammar - the spoken equivalent of button/click 

input (e.g., speaking "channel 5" selects 1V channel 5) -- is really not sufficient by 

itself to satisfy the objectives described above. In order to deliver a true "win" for 

10 users, the voice-driven front-end must accept spoken natural language input in a 

manner that is intuitive to users. For example, the front-end should not require 

learning a highly specialized command language or format. More fundamentally, the 

front-end must allow users to speak directly in terms of what the user ultimately wants 

-- e.g., "I'd like to see a Western film directed by Clint Eastwood" -- as opposed to 

15 speaking in terms of arbitrary navigation structures (e.g., hierarchical layers of menus, 

commands, etc.) that are essentially artifacts reflecting constraints of the pre-existing 

text/click navigation system. At the same time, the front-end must recognize and 

accommodate the reality that a stream of nalve spoken natural language input will, 

over time, typically present a variety of errors and/or ambiguities: e.g., 

20 garbled/unrecognized words (did the user say "Eastwood" or "Easter"?) and under

constrained requests ("Show me the Clint Eastwood movie"). An approach is needed 

for handling and resolving such errors and ambiguities in a rapid, user-friendly, non

frustrating manner. 

What is needed is a methodology and apparatus for rapid1y constructing a 

25 voice-driven front-end atop an existing, non-voice data navigation system, whereby 

users can interact by means of intuitive natural language input not strictly conforming 

to the step-by-step browsing architecture of the existing navigation system, and 

wherein any errors or ambiguities in user input are rapidly and conveniently resolved. 

The solution to this need should be compatible with the constraints of a multi-user, 

30 distributed environment such as the Internet/Web or a proprietary high-bandwidth 

content delivery network; a solution contemplating one-at-a-time user interactions at a 

single location is insufficient, for example. 

- 2-
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SUMMARY OF THE INVENTION 

~ The present nvention addresses the above needs by providing a system, 

~~/ method, and article fmanufacture for navigating network-based electronic data 

5 sources in response to spoken NL input requests. When a spoken natural language 

input request is rec ived from a user, it is interpreted, such as by using a speech 

recognition engine o extract speech data from acoustic voice signals, and using a 

natural language rser to linguistically parse the speech data. The interpretation of 

the spoken na language request can be perfonned on a computing device locally 

10 with the user or r motely from the user. The resulting interpretation of the request is 

thereupon used automatically construct an operational navigation query to retrieve 

the desired info ation from one or more electronic network data sources, which is 

then transmitte to a client device of the user. If the network data source is a 

database, the n vigation query is constructed in the forn1at of a dat&base query 

15 

20 

language. 

Typic 

request, such 

template. Thi 

invention is 

user-friendly 

ly, errors or ambiguities emerge in the interpretation of the spoken NL 

at the system cannot instantiate a complete, valid navigational 

is to be expected occasionally, and one preferred aspect oftl1e 

e ability to handle such errors and ambiguities in relatively graceful and 

nner. Instead of simply rejecting such input and defaulting to 

traditional in t modes or simply asking the user to try again, a preferred embodiment 

of the present invention seeks to converge rapidly toward instantiation of a valid 

navigational t mplate by soliciting additional clarification from the user as necessary, 

either before r after a navigation of the data source, via multimodal input, i.e., by 

25 means of m u selection or other input modalities including and in addition to spoken 

natural langu ge. This clarifying, multi-modal dialogue takes advantage of whatever 

partial navig ·anal infonnation has been gleaned from the initial interpretation of the 

user's spoke NL request. This clarification process continues until the system 

converges to ard an adequately instantiated navigational template, which is in tum 

30 used to navi ate the network-based data and retrieve the user's desired inforn1ation. 

The retrieve infonnation is transmitted across the network and presented to the user 

on a suitabl client display device. 

- 3 -
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The present jnventionaddresses the above needs by providing a system,

method, and article pf manufacture for navigating network-based electronic data

sources In response}to spoken NL input requests, When a spoken natural language

input request is received from a user, itis interpreted, such as by using a speech

recognition enginejto extract speech data from acoustic voice signals, and using a

natural language parser to linguistically parse the speech data. The interpretation of

the spoken na language request can be performed on a computing device locally

with the user or remotely from the user. The resulting mterpretation of the requestis

thereupon usedtautomatically construct an operational navigation query to retrieve
the desired infofmation from one or more electronic network data sources, which is

then transmitte¢ to a chent device of the user. If the network data source is a

database, the navigation query is constructed in the format of a database query

language.

Typically, errors or ambiguities emerge in the interpretationof the spoken NL
request, such that the system cannot instantiate a complete, valid navigational

template. Thig is to be expected occasionally, and one preferred aspect of the

invention is the ability to handle such errors and ambiguities in relatively graceful and
user-friendly manner. Instead of simply rejecting such input and defaulting to

traditional input modes or simply asking the userto try again, a preferred embodiment —

of the presentlinvention seeks to converge rapidly toward instantiation of a valid

navigational template by soliciting additionalclarification from the user as necessary,

either before pr after a navigation of the data source, via multimodal input, i.e., by

means of merlu selectionor other input modalities including and in addition to spoken

natural language. This clarifying, multi-modal dialogue takes advantage of whatever

partial navigational information has been gleaned from the initial interpretation of the

user's spoken|NL request. This clarification process continues until the system

converges tofvard an adequately instanttated navigational template, which is in tm

used to navigate the network-based data and retrieve the user's desired information.

Theretrieved information is transmitted across the network and presented to the user

on a suitablq client display device.
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In a further aspect of the present invention, the construction of the navigation 

query includes extracting an input template for an online scripted interface to the data 

source and using the input template to construct the navigation query. The extraction 

of the input template can include dynamically scraping the online scripted interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, may best be 

understood by reference to the following description taken in conjunction with the 

accompanying drawings in which: 

Figure I a illustrates a system providing a spoken natural language interface 

for network-based information navigation, in accordance with an embodiment of the 

present invention with server-side processing of requests; 

Figure I b illustrates another system providing a spoken natural language 

interface for network-based information navigation, in accordance with an 

embodiment of the present invention with client-side processing of requests; 

Figure 2 illustrates a system providing a spoken natural language interface for 

network-based information navigation, in accordance with an embodiment of the 

present invention for a mobile computing scenario; 

Figure 3 illustrates the functional logic components of a request -processing 

module in accordance with an embodiment of the present invention; 

Figure 4 illustrates a process utilizing spoken natural language for navigating 

an electronic database in accordance with one embodiment of the present invention; 

Figure 5 illustrates a process for constructing a navigational query for 

accessing an online data source via an interactive, scripted (e.g., CG!) fonn; and 

Figure 6 illustrates an embodiment of the present invention utilizing a 

community of distributed, collaborating electronic agents. 

- 5 -
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DETAILED DFSCRIPTION OF THE INVENTION 

1. System Architecture 

a. Server-End Processing of Spoken Input 

Figure la is an illustration of a data navigation system driven by spoken 

5 natural language input, in accordance with one embodiment of the present invention. 

IO 

15 

As shown, a user's voice input data is captured by a voice input device 102, such as a 

microphone. Preferably voice input device 102 includes a button or the like that can 

be pressed or held-down to activate a listening mode, so that the system need not 

continually pay attention to, or be confused by, irrelevant background noise. In one 

preferred embodiment well-suited for the home entertainment setting, voice input 

device 102 is a portable remote control device with an integrated microphone, and the 

voice data is transmitted from device 102 preferably via infrared (or other wireless) 

link to communications box 104 (e.g., a set-top box or a similar commWlications 

device that is capable of retransmitting the raw voice data andfor processing the voice 

data) local to the user's environment and coupled to commWlications network 106. 

The voice data is then transmitted across network 106 to a remote server or servers 

I 08. The voice data may preferably be transmitted in compressed digitized form, or 

alternatively --particularly where bandwidth constraints are significant-- in analog 

format (e.g., via frequency modulated transmission), in the latter case being digitized 

20 upon arrival at remote server 108. 

At remote server I 08, the voice data is processed by request processing logic 

300 in order to understand the user's request and construct an appropriate query or 

request for navigation of remote data source 110, in accordance with the interpretation 

process exemplified in Figure 4 and Figure 5 and discussed in greater detail below. 

25 For purposes of executing this process, request processing logic 300 coin.prises 

functional inodules including speech recognition engine 310, natural language (NL) 

parser 320, query construction logic 330, and query refinement logic 340, as shown in 

Figure 3. Data source 110 may comprise database(s), Internet/web site(s), or other 

electronic information repositories, and preferably resides on a central server or 

30 servers -- which may or may not be the same as server 108, depending on the storage 

- 6-
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DETAILED DESCRIPTION OF THE INVENTION

1, System Architecture

a. Server-End Processing of Spoken Input

Figure la is an illustration of a data navigation system driven by spoken

5 natural language input, in accordance with one embodiment of the present invention.

As shown, a user's voice input data is captured by a voice input device 102, such as a

microphone. Preferably voice input device 102 includes a button orthe like that can

be pressed or held-down to activate a listening mode, so that the system need not

continually pay attention to, or be confused by, irrelevant background noise. In one

10 preferred embodiment well-suited for the home entertainment setting, voice input

device 102 is a portable remote control device with an integrated microphone,andthe

voice data is transmitted from device 102 preferably via infrared (or other wireless)

link to communications box 104 (e.g., a set-top box or a similar communications

device that is capable of retransmitting the raw voice data and/or processing the voice

15 data) local to the user’s environment and coupled to communications network 106.

 
# The voice data is then transmitted across network 106 to a remote server or servers

= 108. The voice data may preferably be transmitted in compressed digitized form, or
tho altematively --particularly where bandwidth constraints are significant-- in analog

format (e.g., via frequency modulated transmission), in the latter case being digitizedPeeweeheaHiredthaFE
20 upon arrival at remote server 108.

At remote server 108, the voice data is processed by request processing logic

300 in order to understand the user's request and construct an appropriate query or

request for navigation of remote data source 110, in accordance with the interpretation

process exemplified in Figure 4 and Figure 5 and discussed in greater detail below.

25 For purposes of executing this process, request processing logic 300 coimprises

functional modules including speech recognition engine 310, natural language (NL)

parser 320, query construction logic 330, and query refinement logic 340, as shown in

Figure 3. Data source 110 may comprise database(s), Intemet/web site(s), or other

electronic information repositories, and preferably resides on a central server or

30s servers -- which may or may not be the same as server 108, depending on the storage
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and bandwidth needs of the application and the resources available to the practitioner. 

Data source 110 may include multimedia content, such as movies or other digital 

video and audio content, other various forms of entertainment data, or other electronic 

information. The contents of data source 110 are navigated -- i.e., the contents are 

5 accessed and searched, for retrieval of the particular information desired by the user -

using the processes of Figures 4 and 5 as described in greater detail below. 

Once the desired information has been retrieved from data source 110, it is 

electronically transmitted via network 106 to the user for viewing on client display 

device 112. In a preferred embodiment well-suited for the home entertainment setting, 

10 display device 112 is a television monitor or similar audiovisual entertainment device, 

typically in stationary position for comfortable viewing by users. In addition, in such 

preferred embodiment, display device 112 is coupled to or integrated with a 

communications box (which is preferably the same as communications box 104, but 

may also be a separate unit) for receiving and decoding/formatting the desired 

15 elecb:onic information that is received across communications network 106. 

Network 106 is a two-way elecb:onic communications network and may be 

embodied in electronic communication infrastrucrure including coaxial (cable 

television) lines, DSL, fiber-optic cable, traditional copper wire (twisted pair), or any 

other type of hardwired connection. Network 106 may also include a wireless 

20 connection such as a satellite-based connection, cellular connection, or other type of 

wireless connection. Network 106 may .be part of the Internet and may support 

TCP/IP communications, or may be embodied in a proprietary network, or in any 

other electronic communications network infrastructure, whether packet-switched or 

connection-oriented. A design consideration is that network 106 preferably provide 

25 suitable bandwidth depending upon the nature of the content anticipated for the 

desired application. 

b. Client-End Processing of Spoken Input 

Figure lb is an illustration of a data navigation system driven by spoken 

natural language input, in accordance with a second embodiment of the present 

30 invention. Again, a user's voice input data is captured by a voice input device 102, 

such as a microphone. In the embodiment shown in Figure I b, the voice data is 

- 7-
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and bandwidth needs of the application and the resources available to the practitioner.

Data source 110 may include multimedia content, such as movies or other digital

video and audio content, other various forms of entertaimment data, or other electronic

information. The contents of data source 110 are navigated -- i.e., the contents are

accessed and searched, for retrieval of the particular information desired by the user --

using the processes of Figures 4 and 5 as described in greater detail below.

Once the desired information has been retrieved from data source 110, it is

electronically transmitted via network 106 to the user for viewing on client display

device 112. In a preferred embodiment well-suited for the home entertammentsetting,

display device 112 is a television monitor or similar audiovisual entertainment device,

typically in stationary position for comfortable viewing by users. In addition, m such

preferred embodiment, display device 112 is coupled to or integrated with a

communications box (which is preferably the same as communications box 104, but

may also be a separate unit) for receiving and decoding/formatting the desired

electronic information that is received across communications network 106.

Network 106 is a two-way electronic communications network and may be

embodied in electronic communication infrastructure including coaxial (cable

television) lines, DSL, fiber-optic cable, traditional copper wire (twisted pair), or any

other type of hardwired connection. Network 106 may also include a wireless

counection such as a satellite-based connection, celluiar connection, or other type of

wireless connection, Network 106 may -be part of the Intemet and may support
TCP/IP communications, or may be embodied in a proprietary network, or in any

other electronic communications network infrastructure, whether packet-switched or

connection-oriented, A design consideration is that network 106 preferably provide

suitable bandwidth depending upon the nature of the content anticipated for the
desired application.

b. Client-End Processing ofSpoken Input

Figure 1b is an illustration of a data navigation system driven by spoken

natural language input, in accordance with a second embodiment of the present

invention. Again, a user's voice input data is captured by a voice input device 102,

such as a microphone. In the embediment shown in Figure 1b, the voice data is

w7-
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transmitted from device 202 to requests processing logic 300, hosted on a local speech 

processor, for processing and interpretation. In the preferred embodiment illustrated 

in Figure 1 b, the loca1 speech processor is conveniently integrated as part of 

commWiications box 104, although implementation in a physically separate (but 

5 communicatively coupled) Wiit is also possible as will be readily apparent to those of 

skill in the art. The voice data is processed by the components of request processing 

logic 300 in order to understand the user's request and construct an appropriate query 

or request for navigation of remote data source 110, in accordance with the 

interpretation process exemplified in Figures 4 and 5 as discussed in greater detail 

IO below. 

The resu]ting navigational query is then transmitted electronically across 

network 106 to data source 110, which preferably resides on a central server or 

servers 108. As in Figure la, data source 110 may comprise database(s), Internet/web 

site(s), or other electronic information repositories, and preferably may include 

15 multimedia content, such as movies _or other digital video and audio content, other 

various forms of entertainment data, or other electronic information. The contents of 

data source 110 are then navigated -- i.e., the contents are accessed and searched, for 

retrieval of the particular information desired by the user -- preferably using the 

process of Figures 4 and 5 as described in greater detail below. Once the desired 

20 information has been retrieved from data source 110, it is electronically transmitted 

via network 106 to the user for viewing on client display device 112. 

In one embodiment in accordance with Figure lb and well-suited for the home 

entertairunent setting, voice input device 102 is a portable remote control device with 

an integrated microphone, and the voice data is transmitted from device I 02 

25 preferably via infrared (or other wireless) link to the local speech processor. The 

local speech processor is coupled to commWiications network 106, and also 

preferably to client display device 112 (especially for purposes of query refmement 

transmissions, as discussed below in connection with Figure 4, step 412), and 

preferably may be integrated within or coupled to commWiications box 104. In 

30 addition, especially for purposes of a home entertainment application, display device 

112 is preferably a television monitor or similar audiovisual entertainment device, 

typically in stationary position for comfortable viewing by users. In addition, in such 

• 8 . 
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preferred embodiment, display device 112 is coupled to a communications box (which 

is preferably the same as communications box 104, but may also be a physically 

separate unit) for receiving and decoding/formatting the desired electronic 

information that is received across communications network 106. 

Design considerations favoring server-side processing and interpretation of 

spoken input requests, as exemplified in Figure la, include minimizing the need to 

distribute costly computational hardware and software to all client users in order to 

perform speech and language processing. Design considerations favoring client-side 

processing, as exemplified in Figure lb, include minimizing the quantity of data sent 

10 upstream across the network from each client, as the speech recognition is performed 

before transmission across the network and only the query data and/or request needs 

to be sent, thus reducing the upstream bandwidth requirements. 

c. Mobile Client Embodiment 

A mobile computing embodiment of the present invention may be 

15 implemented by practitioners as a variation on the embodiments of either Figure la or 

Figure lb. For example, as depicted in Figure 2, a mobile variation in accordance 

with the server-side processing architecture illustrated in Figure la may be 

implemented by replacing voice input device 102, communications box 104, and 

client display device 112, with an integrated, mobile, information appliance 202 such 

20 as a cellular telephone or wireless personal digital assistant (wireless PDA). Mobile 

information appliance 202 essentially performs the functions of the replaced 

components. Thus, mobile information appliance 202 receives spoken natural 

language input requests from the user in the form of voice data, and transmits that 

data (preferably via wireless data receiving station 204) across communications 

25 network 206 for server-side interpretation of the request, in similar fashion as 

described above in connection with Figure I. Navigation of data source 210 and 

retrieval of desired information · likewise proceeds in an analogous manner as 

described above. Display information transmitted electronically back to the user 

across network 206 is displayed for the user on the display of information appliance 

30 202, and audio information is output through the appliance's speakers. 

-9-
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preferred embodiment, display device 112 is coupled to a communications box (which

is preferably the same as communications box 104, but may also be a physically
separate unit) for receiving and decoding/formatting the desired electronic

information that is received across communications network 106.

5 Design considerations favoring server-side processing and interpretation of

spoken input requests, as exemplified in Figure la, include minimizing the need to

distribute costly computational hardware and software to all client users in order to

perform speech and language processmg. Design considerations favoring client-side

processing, as exemplified in Figure 1b, include minimizing the quantity of data sent

10 upstream across the network from each client, as the speech recognition is performed

before transmission across the network and only the query data and/or request needs

to be sent, thus reducing the upstream bandwidth requirements.

¢. Mobile Client Embodiment

A mobile computing embodiment of the present invention may be

15 implemented by practitioners as a variation on the embodiments ofeither Figure 1a or
Figure 1b. For example, as depicted in Figure 2, a mobile variation in accordance

with the server-side processing architecture illustrated in Figure la may be

implemented by replacing voice input device 102, communications box 104, and
client display device 112, with an integrated, mobile, information appliance 202 such

20~—sas. a cellular telephone or wireless personal digital assistant (wireless PDA). Mobile

 
information appliance 202 essentially performs the functions ‘of the replaced
components. Thus, mobile information appliance 202 receives spoken natural

language input requests from the user in the form of voice data, and transmits that

data (preferably via wireless data receiving station 204) across communications

25 network 206 for server-side interpretation of the request, m similar fashion as

described above in connection with Figure 1. Navigation of data source 210 and

retrieval of desired information likewise proceeds in an analogous manner as

described above. Display information transmitted electronically back to the user

across network 206 is displayed for the user on the display of information appliance

30 202, and audio information is output through the appliance's speakers.

-9.
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Practitioners will further appreciate, in light of the above ,teachings, that if 

mobile information appliance 202 is equipped with sufficient computational 

processing power, then a mobile variation of the client-side architecture exemplified 

in Figure 2 may similarly be implemented. In that case, the modules corresponding to 

s request processing logic 300 would be embodied locally in the computational 

resources of mobile information appliance 202, and the logical flow of data would 

otherwise follow in a manner analogous to that previously described in connection 

with Figure 1 b. 

As illustrated in Figure 2, multiple users, each having their own client input 

Io device, may issue requests, simultaneously or otherwise, for navigation of data source 

210. This is equally true (though not explicitly drawn) for the embodiments depicted 

in Figures la and lb. Data source 210 (or 100), being a network accessible 

information resource, has typically already been constructed to support access 

requests from simultaneous multiple network users, as known by practitioners of 

15 

20 

ordinary skill in the art. In the case of server-side speech processing, as exemplified 

in Figures la and 2, the interpretation logic and error correction logic modules are 

also preferably designed and implemented to support queuing and multi-tasking of 

requests from multiple simultaneous network users, as will be appreciated by those of 

skill in the art. 

It will be apparent to those skilled in the art that additional implementations, 

permutations and combinations of the embodiments set forth in Figures la, 1 b, and 2 

may be created without straying from the scope and spirit of the present invention. 

For example, practitioners will understand, in light of the above teachings and design 

considerations, that it is possible to divide and allocate the functional components of 

25 request processing logic 300 between client and server. For example, speech 

recognition -- in entirety, or perhaps just early stages such as feature extraction -

might be performed locally on the client end, perhaps to reduce bandwidth 

requirements, while natural language parsing and other necessary processing might be 

performed upstream on the server end, so that more extensive computational power 

30 need not be distributed locally to each client. In that case, corresponding portions of 

request processing logic 300, such as speech recognition engine 310 or portions 

- 10-

11 

DISH, Exh. 1004, p. 20

Petitioner Microsoft Corporation - Ex. 1008, p. 720



thereof, would reside locally at the client as in Figure lb, while other component 

modules would be hosted at the server end as in Figures la and 2. 

Further, practitioners may choose to implement the each of the various 

embodiments described above on any number of different hardware and software 

5 computing platforms and environments and various combinations thereof, including, 

by way of just a few examples: a general-purpose hardware microprocessor such as 

the Intel Pentium series; operating system software such as Microsoft Windows/CE, 

Palm OS, or Apple Mac OS (particularly for client devices and client-side 

processing), or Unix, Linux, or Windows/NT (the latter three particularly for network 

10 data seivers and server-side processing), and/or proprietary information access 

platforms such as Microsoft's Web TV or the Diva Systems video-on-demand system. 

2. Processing Methodology 

The present invention provides a spoken natural language intetface for 

interrogation of remote electronic databases and retrieval of desired information. A 

15 preferred embodiment of the present invention utilizes the basic methodology outlined 

in the flow diagram of Figure 4 in order to provide this interface. This methodology 

will now be discussed. 

20 

a. Interpreting Spoken Natural Language Requests 

At step 402, the user's spoken request for information is initially received in 

the form of raw (acoustic) voice data by a suitable input device, as previously 

discussed in comection with Figures 1-2. At step 404 the voice data received from 

the user is interpreted in order to understand the user's request for information. 

Preferably this step includes performing speech recognition in order to extract words 

from the voice data, and further includes natural language parsing of those words in 

25 order to generate a structured linguistic representation of the user's request. 

Speech recognition in step 404 is performed using speech recognition engine 

310. A variety of commercial quality, speech recognition engines are readily 

available on the market, as practitioners will know. For example, Nuance 

Communications offers a suite of spee::h recognition engines, including Nuance 6, its 

30 current flagship product, and Nuance Express, a lower cost package for entry-level 
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thereof, would reside locally at the client as in Figure 1b, while other component

modules would be hosted at the server end as in Figures 1a and 2.

Further, practitioners may choose to implement the each of the various

embodiments described above on any number of different hardware and software

§ computing platforms and environments and various combmations thereof, including,

by way of just a few examples: a general-purpose hardware microprocessor such as

the Intel Pentium series; operating system software such as Microsoft Windows/CE,

Palm OS, or Apple Mac OS (particularly for client devices and client-side

processing}, or Unix, Linux, or Windows/NT(thelatter three particularly for network

10 data servers and server-side processing), and/or proprietary information access

platforms such as Microsoft's WebTV or the Diva Systems video-on-demand system.

fe 2. Processing Methodology

= The present invention provides a spoken natural language interface for

oS interrogation of remote electronic databases and retrieval of desired information. A
15 preferred embodimentofthe present invention utilizes the basic methodology outlined

in the flow diagram of Figure 4 in order to provide this interface. This methodology

will now be discussed.

a. Interpreting Spoken Natural Language Requests
  

= At step 402, the user's spoken request for information is initially received in

20 the form of raw (acoustic) voice data by a suitable mput device, as previously
discussed in connection with Figures 1-2. At step 404 the voice data received from

the user is interpreted in order to understand the user's request for information.

Preferably this step includes performing speech recognition in order to extract words

from the voice data, and further includes natural language parsing of those words in

25+order fo generate a structured linguistic representation of the user's request.

Speech recognition in step 404 is performed using speech recognition engine

310. <A variety of commercial quality, speech recognition engines are readily

available on the market, as practitioners will know. For example, Nuance

Communications offers a suite of speech recognition engines, including Nuance6, its
30. current flagship product, and Nuance Express, a lower cost package for entry-level
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applications. As one other example, IBM offers the ViaVoice speech recognition 

engine, including a low-cost shrink-wrapped version available through popular 

consumer distribution channels. Basically, a speech recognition engine processes 

acoustic voice data and attempts to generate a text stream of recognized words. 

Typically, the speech recognition engine is provided with a vocabulary lexicon 

of likely words or phrases that the recognition engine can match against its analysis of 

acoustical signals, for purposes of a given awlication. Preferably, the lexicon is 

dynamically adjusted to reflect the current user context, as established by the 

preceding user inputs. For example, if a user is engaged in a dialogue with the system 

10 about movie selection, the recognition engine's vocabulary may preferably be adjusted 

to favor relevant words and·phrases, such as a stored list of proper names for popular 

movie actors and directors, etc. Whereas if the current dialogue involves selection 

and viewing of a sports event, the engine's vocabulary might preferably be adjusted to 

favor a stored list of proper names for professional sports teams, etc. In addition, a 

15 speech recognition engine is provided with language models that help the engine 

predict the most likely interpretation of a given segment of acoustical voice data, in 

the current context of phonemes or words in which the segment appears. In addition, 

speech recognition engines often echo to the user, in more or less real-time, a 

transcription of the engine's best guess at what the user has said, giving the user an 

20 opportunity to confirm or reject. 

In a further aspect of step 404, natural language interpreter (or parser) 320 

linguistically parses and interprets the textual output of the speech recognition engine. 

In a preferred embodiment of the present invention, the natural-language interpreter 

attempts to detennine both the meaning of spoken words (semantic processing) as 

25 well as the grammar of the statement (syntactic processing), such as the Gemini 

Natural Language Understanding System developed by SRI International. The 

Gemini system is described in detail in publications entitled "Gemini: A Natural 

Language System for Spoken-Language Understanding" and "Interleaving Syntax and 

Semantics in an Efficient Bottom-Up Parser," both of which are currently available 

30 online at http:/lwww.ai.sri.com/natural-language/projects/arpa-sls/nat-lang.hbnl. 

(Copies of those publications are also included in an information disclosure statement 

submitted herewith, and are incorporated herein by this reference). Briefly, Gemini 
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' 

applies a set of syntactic and semantic grammar rules to a word string using a bottom

up parser to generate a logical form, which is a structured representation of the 

context-independent meaning of the string. Gemini can be used with a variety of 

grammars, including general English grammar as well as application-specific 

5 grammars. The Gemini parser is based on "unification grammar," meaning that 

grammatical categories incorporate features that can be assigned values; so that when 

grammatical category expressions are matched in the course of parsing or semantic 

interpretation, the information contained in the features is combined, and if the feature 

values are incompatible the match fails. 

10 It is possible for some applications to achieve a significant reduction in speech 

recognition error by using the natural-language processing system to re-score 

recognition hypotheses. For example, the granunars defined for a language parser 

like Gemini may be compiled into context-free grammar that, in tum, can be used 

directly as language models for speech recognition engines like the Nuance 

15 recognizer. Further details on this methodology are provided in the publication 

"Combining Linguistic and Statistical Knowledge Sources in Natural-Language 

Processing for ATIS" which is currently available online through 

http://www.ai.sri.com/natural-language/projects/arpa-slsf SJ.?nl-inthtml. A copy of this 

publication is included in an information disclosure submitted herewith, and is 

20 incorporated herein by this reference. 

ln an embodiment of the present invention that may be preferable for some 

applications, the natural language interpreter "learns" from the past usage patterns of 

a particular user or of groups of users. In such an embodiment, the successfully 

interpreted requests of users are stored, and can then be used to enhance accuracy by 

25 comparing a current request to the stored requests, thereby allowing selection of a 

most probable result. 

b. Constructing Navigation Queries 

In step 405 request processing logic 300 identifies and selects an appropriate 

online data source where the desired information (in this case, current weather reports 

30 for a given city) can be found. Such selection may involve look-up in a locally stored 

table, or possibly dynamic searching through an online search engine, or other online 
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applies a set of syntactic and semantic grammar rules to a word string using a bottom-

up parser to generate a logical form, which is a structured represeniation of the

context-independent meaning of the string. Gemini can be used with a variety of

grammars, including general English grammar as well as application-specific

5 grammars. The Gemmmi parser is based on "unification grammar," meaning that

grammatical categories incorporate features that can be assigned values; so that when

grammatical category expressions are matched in the course of parsing or semantic

interpretation, the information contained in the features is combined, and if the feature

values are incompatible the match fails.

10 It is possible for some applications to achieve a significant reduction in speech

recognition error by using the natural-language processing system to re-score

recognition hypotheses. For example, the grammars defined for a language parser

hke Gemini may be compiled into context-free grammar that, in tum, can be used
directly as language models for speech recognition engines like the Nuance

15 recognizer. Further details on this methodology are provided in the publication 
"Combining Linguistic and Statistical Knowledge Sources im Natural-Language

15 Processmg for ATIS" which is currently available online through

- hitp:/Avww.ai.sti,com/natural-language/projects/arpa-sis/spni-inthtml. A copy of this
= publication is inclided in an information disclosure submitted herewith, and is
ids 20 incorporated herein by this reference. .

me In an embodiment of the present invention that may be preferable for some

applications, the natural language interpreter “learns” from the past usage patterns of

a particular user or of groups of users. In such an embodiment, the successfully

interpreted requests of users are stored, and can then be used to enhance accuracy by
25 comparing a cutrent request to the stored requests, thereby allowing selection of a

most probable result.

b._ Constructing Navigation Queries

In step 405 request processing logic 300 identifies and selects an appropriate
online data source where the desired information (in this case, current weather reports

30~=—for a given city} can be found. Such selection may involve look-up in a locally stored

iable, or possibly dynamic searching through an online search engine, or other online
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5 

search techniques. For some applications, an embodiment of the present invention 

may be implemented in which only access to a particular data source (such as a 

particular vendor's proprietary content database) is supported; in that case, step 405 

may be trivial or may be eliminated entirely. 

Step 406 attempts to construct a navigation query, reflecting the interpretation 

of step 404. This operation is preferably performed by query construction logic 330. 

A "navigation query" means an electronic query, form, series of menu 

selections, or the like; being structured appropriately so as to navigate a particular 

data source of interest in search of desired infonnation. In other words, a navigation 

IO query is constructed such that it includes whatever content and structure is required in 

order to access desired infonnation electronically from a particular database or data 

source of interest. 

15 

For example, for many existing electronic databases, a navigation query can 

be embodied using a fonnal database query language such as Standard Query 

Language (SQL). For many databases, a navigation query can be constructed through 

a more user-friendly interactive front-end, such as a series of menus and/or interactive 

forms to be selected or filled in. SQL is a standard interactive and programming 

language for getting infonnation from and updating a database. SQL is both an ANSI 

and an ISO standard. As is well known to practitioners, a Relational Database 

20 Management System (RDBMS), such as Microsoft's Access, Oracle's Oracle7, and 

Computer Associates' CA-Openlngres, allow programmers to create, update, and 

administer a relational database. Practitioners of ordinary skill in the art will be 

thoroughly familiar with the notion of database navigation through structured query, 

and will be readily able to appreciate and utilize the existing data structures and 

25 navigational mechanisms for a given database, or to create such structures and 

mechanisms where desired. 

In accordance with the present invention, the query constructed in step 406 

must reflect the user's request as interpreted by the speech recognition engine and the 

NL parser in step 404. In embodiments of the present invention wherein data source 

30 110 (or 210 in the corresponding embodiment of Figure 2) is a structured relational 

database or the like, step 406 of the present invention may entail constructing an 
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appropriate Structured Query Language (SQL) query or the like, or automatically 

filling out a front-end query form, series of menus or the like, as described above. 

In many existing Internet (and Intranet) applications, an online electronic data 

source is accessible to users only through the medium of interaction with a so-called 

5 Common Gateway Interface (CGI) script. Typically the user who visits a web site of 

this nature must fill in the fields of an online interactive form. The online form is in 

turn linked to a CGI script, which transparently handles actual navigation of the 

associated data source and produces output for viewing by the user's web browser. In 

other words, direct user access to the data source is not supported, only mediated 

10 access through the form and CGI script is offered. 

For applications of this nature, an advantageous embodiment of the present 

invention "scrapes" the scripted online site where information desired by a user may 

be found in order to facilitate construction of an effective navigation query. For 

example, suppose that a user's spoken natural language request is: "What's the weather 

15 in Miami?" After this request is received at step 402 and interpreted at step 404, 

assume that step 405 determines that the desired weather information is available 

online through the medium of a COi-scripted interactive form. Step 406 is then 

preferably carried out using the expanded process diagrammed in Figure 5. In 

particular, at sub-step 520, query construction logic 330 electronically "scrapes" the 

20 online interactive form, meaning that query construction logic 330 automatically 

extracts the format and structure of input fields accepted by the online form. At sub

step 522, a navigation query is then constructed by instantiating (filling in) the 

extracted input format -- essentially an electronic template -- in a ,manner reflecting 

the user's request for information as interpreted in step 404. The flow of control then 

25 returns to step 407 of Figure 4. Ultimately, when the query thus constructed by 

scraping is used to navigate the online data source in step 408, the query effectively 

.initiates the same scripted response as if a human user had visited the online site and 

had typed appropriate entries into the input fields of the online form. 

In the embodiment just described, scraping step 520 is preferably carried out 

30 ·with the assistance of an online extraction utility such as WebL. WebL is a scripting 

language for automating tasks on the World Wide Web. _It is an imperative, 
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interpreted language that has built-in support for common web protocols like HTTP 

and FTP, and popular data types like HTML and XML. WebL's implementation 

language is Java, and the complete source code is available from Compaq. In 

addition, step 520 is preferably performed dynamically when necessary -- in other 

5 words, on-the-fly in response to a particular user query -- but in some applications it 

may be possible to scrape relatively stable (unchanging) web sites of likely interest in 

advance and to cache the resulting template information. 

It will be apparent, in light of the above teachings, that preferred embodiments 

of the present invention can provide a spoken natural language interface atop an 

10 existing, non-voice data navigation system, whereby users can interact by means of 

intuitive natural language input not strictly conforming to the linear browsing 

architecture or other artifacts of an existing menu/text/click navigation system. For 

example, users of an appropriate embodiment of the present invention for a video-on

demand application can directly speak the natural request: "Show me the movie 

t;t) 15 'Unforgiven'" -- instead of walking step-by-step through a typically linear sequence of 

' ' lJJ 

genre/title/actor/director menus, scrolling and selecting from potentially long lists on 

each menu, or instead of being forced to use an alphanumeric keyboard that cannot be 

as comfortable to hold or use as a lightweight remote control. Similarly, users of an 

appropriate embodiment of the present invention for a web-surfing application in 

t:'.:J 20 accordance with the process shown in Figure 5 can directly speak the natural request: 

"Show me a one-month price chart for Microsoft stock" -- instead of potentially 

having to navigate to an appropriate web site, search for the right ticker symbol, 

enter/select the symbol, and specify display of the desired one-month price chart, each 

of those steps potentially involving manual navigation and data entry to one or more 

25 different interaction screens. (Note that these examples are offered to illustrate some 

of the potential benefits offered by appropriate embodiments of the present invention, 

and not to limit the scope of the invention in any respect.) 

c. Error Correction 

Several problems can arise when attempting to perform searches based on 

30 spoken natural language input. As indicated at decision st'ep 407 in the process of 

Figure 4, certain deficiencies may be identified during the process of query 
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interpreted language that has built-in support for common web protocols like HTTP

and FTP, and popular data types like HTML and XML. WebL’'s implementation
language is Java, and the complete source code is available from Compaq. In

addition, step 520 is preferably performed dynamically when necessary -- in other

words, on-the-fly in response to a particular user query -- but in some applicationsit

may be possible to scrape relatively stable (unchanging) web sites of likely interest in

advance and to cache the resulting template information.

It will be apparent, mn light of the above teachings, that preferred. embodiments

of the present invention can provide a spoken natural language interface atop an

existing, non-voice data navigation system, whereby users can interact by means of

intuitive natural language input not strictly conforming to the linear browsing

architecture or other artifacts of an existing menu/text/click navigation system. For

example, users of an appropriate embodimentof the present invention for a video-on-
demand application can directly speak the natural request: "Show me the movie

‘Unforgiven™ -- instead of walking step-by-step through a typically linear sequence of

genre/title/actor/director menus, scrolling and selecting from potentially long lists on

each menu, or instead of being forced to use an alphanumeric keyboard that cannot be

as comfortable to hold or use as a lightweight remote control. Similarly, users of an

appropriate embodiment of the present invention for a web-surfing application in

accordance with the process shown in Figure 5 can directly speak the natural request:

"Show me a one-month price chart for Microsoft stock” -- instead of potentially

having to navigate to an appropriate web site, search for the right tcker symbol,

enter/select the symbol, and specify display of the desired one-month price chart, each

of those steps potentially involvmg manual navigation and data entry to one or more

different interaction screens. (Note that these examples are offered to illustrate some
of the potential benefits offered by appropriate embodiments of the present invention,

and not to limit the scope of the invention im any respect.)

c. Error Correction

Several problems can arise when attempting to perform searches based on

spoken natural language input. As indicated at decision step 407 in the process of

Figure 4, certain deficiencies may be identified during the process of query
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construction, before search of the data source is even attempted. For example, the 

user's request may fail to specify enough information in order to construct a 

navigation query that is specific enough to obtain a satisfactory search result. For 

example, a user might orally request "what's the weather?" whereas the national 

5 online data source identified in step 405 and scraped in step 520 might require 

specifying a particular city. 

Additionally, certain deficiencies and problems may arise following the 

navigational search of the data source at step 408, as indicated at decision step 409 in 

Figure 4. For example, with reference to a video-on-demand application, a user may 

IO wish to see the movie "Unforgiven", but perhaps the user can't recall name of the film, 

but knows it was directed by and starred actor Clint Eastwood. A typical video-on

demand database might indeed be expected to allow queries specifying the name of a 

leading actor and/or director, but in the case of this query - as in many cases -- that 

will not be enough to narrow the search to a single film, and additional user input in 

15 some form is required. 

In the event that one or more deficiencies in the user's spoken request, as 

processed, result in the problems described, either at step 407 or 409, some form of 

error handling is in order. A straightfonvard, crude technique might be for the system 

to respond simply "input not understood I insufficient; please try again." However, 

20 that approach will likely result in frustrated users, and is not optimal or even 

acceptable for most applications. Instead, a preferred technique in accordance with 

the present invention handles such errors and deficiencies in user input at step 412, 

whether detected at step 407 or step 409, by soliciting additional input from the user 

in a manner taking advantage of the partial construction already performed and via 

25 user interface modalities in addition to spoken natural language ("multi-modality"). 

This supplemental interaction is preferably conducted through client display device 

112 (202, in the embodiment of Figure 2), and may include textual, graphical, audio 

and/or video media. Further details and examples are provided below. Query 

refinement logic 340 preferably carries out step 412. The additional input received 

30 from the user is fed into and augments interpreting step 404, and query construction 

step 406 is likewise repeated with the benefit of the augmented interpretation. These 

operations, and subsequent navigation step 408, are preferably repeated until no 
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remaining problems or deficiencies are identified at decision points 407 or 409. 

Further details and examples for this query refinement process are provided 

immediately below. 

Consider again the example in which the user of a video-on-demand 

5 application wishes to see "Unforgiven" but can only recall that it was directed by and 

starred Clint Eastwood. First, it bears noting that using a prior art navigational 

interface, such as a conventional menu interface, will likely be relatively tedious in 

this case. The user can proceed through a sequence of menus, such as Genre (select 

"western"), Title (skip), Actor ("Clint Eastwood"), and Director ("Clint Eastwood"). 

10 In each case --especially for the last two items -- the user would typically scroll and 

select from fairly long lists in order to enter his or her desired name, or perhaps use a 

relatively couch-unfriendly keypad to manually type the actor's name twice. 

Using a preferred embodiment of the present invention, the user instead speaks 

aloud, holding remote control microphone 102, "I want to see that movie starring and 

15 directed by Clint Eastwood. Can't remember the title." At step 402 the voice data is 

received. At step 404 the voice data is interpreted. At step 405 an appropriate online 

data source is selected (or perhaps the system is directly connected to a proprietary 

video-on-demand provider). At step 406 a query is automatically constructed by the 

query construction logic 330 specifying "Clint Eastwood" in both the actor and 

20 director fields. Step 407 detects no obvious problems, and so the query is 

eleCtronically submitted and the data source is navigated at step 408, yielding a list of 

several records satisfying the query (e.g., "Unforgiven", "True Crime", "Absolute 

Power", etc.). Step 409 detects that additional user input is needed to further refine 

the query in order to select a particular filin for viewing. 

25 At that point, in step 412 query refinement logic 340 might preferably 

generate a display for client display device 112 showing the (relatively short) list of 

film titles that satisfy the user's stated constraints. The user can then preferably use a 

relatively convenient input modality, such as buttons on the remote control, to select 

the desired title from the menu. In a further preferred embodiment, the first title on 

30 the list is highlighted by default, so that the user can simply press an "OK" button to 

choose that selection. In a further preferred feature, the user can mix input modalities 
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by speaking a response like "I want number one on the list." Alternatively, the user 

can preferably say, "Let's see Unforgiven," having now been reminded of the title by 

the menu display. 

Utilizing the user's supplemental input, request processing logic 300 iterates 

5 again through steps 404 and 406, this time constructing a fully-specified query that 

specifically requests the Eastwood film "Unforgiven." Step 408 navigates the data 

source using that query and retrieves t11e desired film, wl1ich is then electronically 

transmitted in step 410 from network server 108 to client display device 112 via 

communications network 106. 

10 Now consider again the example in which the user of a web surfing 

application wants to lrnow his or her local weather, and simply asks, "what's the 

weather?" At step 402 the voice data is received. At step 404 the voice data is 

interpreted. At step 405 an online web site providing current weather infonnation for 

major cities around the world is selected. At step 406 and sub-step 520, the online 

15 site is scraped using a WebL-style tool to extract an input template for interacting 

with the site. At sub-step 522, query construction logic 330 attempts to construct a 

navigation query by instantiating the input template, but detennines (quite rightly) 

that a required field -- name of city -- cannot be detennined from the user's spoken 

request as interpreted in step 404. Step 407 detects this deficiency, and in step 412 

20 query refinement logic 340 preferably generates output for client display device 112 

soliciting the necessary supplemental input. In a preferred embodiment, the output 

might display the name of the city where the user is located highlighted by default. 

The user can then simply press an "OK" button -- or perhaps mix modalities by saying 

"yes, exactly" -- to choose that selection. A preferred embodiment would further 

25 display an alphabetical scrollable menu listing other major cities, and/or invite the 

user to speak or select the name of the desired city. 

Here again, utilizing the user's supplemental input, request processing logic 

300 iterates through steps 404 and 406. This time, in performing sub-step 520, a 

cached version of the input template already scraped in the previous iteration might 

30 preferably be retrieved. In sub-step 522, query construction logic 330 succeeds this 

time in instantiating the input template and constructing an effective query, since the 
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5 

desired city has now been clarified. Step 408 navigates the data source using that 

query and retrieves the desired weather information, which is then electronically 

transmitted in step 410 from network server 108 to client display device 112 via 

communications network 106. 

It is worth noting that in some instances, there may be details that are not 

explicitly provided by the user, but that query construction logic 330 or query 

refinement logic 340 may preferably deduce on their own through reasonable 

assumptions, rather than requiring the use to provide explicit clarification. For 

example, in the example previously described regarding. a request for a weather 

10 report, in some applications it might be preferable for the system to simply assume 

that the user means a weather report for his or her home area and to retrieve that 

information, if the cost of doing so is not significantly greater than the cost of asking 

the user to clarify the query. Making such an assumption might be even more 

strongly justified in a preferred embodiment, as described earlier, where user histories 

15 are tracked, and where such history indicates that a particular user or group of users 

typically expect local information when asking for a weather forecast. At any rate, in 

the event such an assumption is made, if the user aero.ally intended to request the 

weather for a different city, the user would then need to ask his or her question again. 

It will be apparent to practitioners, in light of the above teachings, that the choice of 

20 whether to program query construction logic 330 and query refinement logic 340 to 

make make particular assumptions will typically involve trade-offs involving user 

conveience that can be assessed in the context of specific applications._ 
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3. Opeo Agent Architecture (OAA®) 

Open Agent ArchitectureTM (OAA®) is a software platfonn, developed by the 

assignee of the present invention, that enables effective, dynamic collaboration among 

communities of distributed electronic agents. OAA is described in greater detail in 

5 co-pending U.S. Patent Application No. 09/225,198, which has been incorporated 

herein by reference. Very briefly, the functionality of each client agent is made 

available to the agent community through registration of the client agent's capabilities 

with a facilitator. A software "wrapper" essentially surrounds the underlying 

application program perfonning the services offered by each client. The common 

10 infrastructure for constructing agents is preferably supplied by an agent library. The 

agent library is preferably accessible in the runtime environment of several different 

programming languages. The agent library preferably minimizes the effort required 

to construct a new system and maximizes the ease with which legacy systems can be 

"wrapped" and made compatible with the agent-based architecture of the present 

tJ~ 15 invention. When invoked, a client agent makes a connection to a facilitator, which is 

known as its parent facilitator. Upon connection, an agent registers with its parent 

facilitator a specification of the capabilities and services it can· provide, using a high

level, declarative Interagent Communication Language ("!CL '1 to express those 

capabilities. Tasks are presented to the facilitator in the fonn of!CL goal expressions. 

20 When a facilitator determines that the registered capabilities of one of its client agents 

will help satisfy a current goal or sub-goal thereof, the facilitator delegates that sub

goal to the client agent in the fonn of an ICL request The client agent processes the 

request and returns answers or infonnatio11 to the facilitator. In processing a request, 

the client agent can use !CL to request services of other agents, or utilize other 

25 infrastructure services for collaborative work. The facilitatoT cooTdinates and 

integrates the results received from different client agents on various sub-goals, in 

order to satisfy the overall goal. 

OAA provides a useful software platform for building systems that integrate 

spoken natural language as well as other user input modalities. For example, see the 

30 above-referenced co-pending patent application. especially Figure 13 and the 

corresponding discussion ofa "multi-modal maps" application, and Figure 12 and the 
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corresponding discussion of a "unified messaging" application. Another example is 

the Info Wiz interactive infonnation kiosk developed by the assignee and described in 

the document entitled "InfoWiz: An Animated Voice Interactive Infonnation System" 

available online at http://www.ai.sri.com/-oaa/applications.html. A copy of the 

5 Info Whiz document is provided in an lnfonnation Disclosure Statement submitted 

herewith and incorporated herein by this reference. A further example is the 

"CommandTalk" application developed by the assignee for the U.S. military, as 

described online at http://www.ai.sri.com/-lesat/commandtalk.html and in the 

following publications, copies of which are provided in an Infonnation Disclosure 

IO Statement submitted herewith and inc?rporated herein by this reference: 

15 

20 

25 

• "CommandTalk: A Spoken-Language Interface for Battlefield Simulations'', 
1997, by Robert Moore, John Dowding, Harry Bratt, J. Mark Gawron, Yonael 
Gorfu and Adam Ch eyer, in "Proceedings of the Fifth Conference on Applied 
Natural Language Processing", Washington, DC, pp. 1-7, Association for 
Computational Linguistics 

• "The CommandTalk Spoken Dialogue System", 1999, by Amanda Stent, John 
Dowding, Jean Mark Gawron, Elizabeth Owen Bratt and Robert Moore, in 
"Proceedings of the Thirty-Seventh Annual Meeting of the ACL", pp. 183-
190, University of Maryland, College Park, MD, Association for 
Computational Linguistics 

• "Interpreting Language in Context in CommandTalk", 1999, by John Dowding 
and Elizabeth Owen Bratt and Sharon Goldwater, in "Communicative Agents: 
The Use of Natural Language in Embodied Systems", pp. 63-67, Association 
for Computing Machinery (ACM) Special Interest Group on Artificial 
Intelligence (SIGAR1), Seattle, WA 

For some applications and systems, OAA can provide an advantageous 

platform for constructing embodiments of the present invention. For example, a 

30 representative application is now briefly presented, with reference to Figure 6. If the 

statement "show me movies starring John Wayne" is spoken into the voice input 

device, the voice data for this request will be sent by UI agent 650 to facilitator 600, 

which in tum will ask natural language (NL) agent 620 and speech recognition agent 

610 to interpret the query and return the interpretation in !CL format. The resulting 

35 !CL goal expression is then routed by the facilitator to appropriate agents -- in this 

case, video-on-demand database agent 640 -- to execute the request .Video database 

agent 640 preferably includes or is coupled to an appropriate embodiment of query 

construction logic 330 and query refinement logic 340, and may also issue ICL 

• 22. 
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25

30

35

corresponding discussion of a "unified messaging" application. Another example is

the InfoWiz interactive information kiosk developed by the assignee and described in

the document entitled "InfoWiz: An Animated Voice Interactive Information System"

available online at http://www.aLsri.com/~oaa/applications.html. A copy of the

InfoWhiz document is provided in an Information Disclosure Statement submitted

herewith and incorporated herein by this reference. A further example is the

"CommandTalk” application developed by the assignee for the U.S. military, as

described online at http://wvew.ai.sri.com/~lesaffcommandtalk.html and in the

following publications, copies of which are provided in an Information Disclosure

Statement submitted herewith and incorporated herein by this reference:

¢ "CommandTalk: A Spoken-Language Interface for Battlefield Simulations",
1997, by Robert Moore, John Dowding, Harry Bratt, J. Mark Gawron, Yonael
Gorfu and Adam Cheyer, in "Proceedings of the Fifth Conference on Applied
Natural Language Processing”, Washington, DC, pp. 1-7, Association for
Computational Linguistics

« "The CommandTalk Spoken Dialogue System", 1999, by Amanda Stent, John
Dowding, Jean Mark Gawron, Elizabeth Owen Bratt and Robert Moore, in
"Proceedings of the Thirty-Seventh Annual Meeting of the ACL", pp. 183-
190, University of Maryland, College Park, MD, Association for
Computational Linguistics

¢ "Interpreting Language in Context in CommandTalk", 1999, by John Dowding
and Elizabeth Owen Bratt and Sharon Goldwater, in "Communicative Agents:
The Use of Natural Language in Embodied Systems", pp. 63-67, Association
for Computing Machinery (ACM)Special Interest Group on Artificial
Intelligence (SIGART), Seattle, WA

For some applications and systems, OAA can provide an advantageous

piatform for consiructing embodiments of the present invention. For exampie, a

representative application is now briefly presented, with reference to Figure 6. If the

statement "show me movies starrmg John Wayne" is spoken into the voice input

device, the voice data for this request will be sent by UI agent 650 to facilitator 600,

which in turn will ask natural language (NL) agent 620 and speech recognition agent
610 to interpret the query and return the interpretation in JCL format. The resulting

ICL goal expression is then routed by the facilitator to appropnate agents -- in this

case, video-on-demand database agent 640 -- to execute the request. Video database

agent 640 preferably includes or is coupled to an appropriate embodiment of query

construction logic 330 and query refinement logic 340, and may also issue ICL
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requests to facilitator 600 for additional assistance -- e.g., display of menus and 

capture of additional user input in the event that query refinement is needed -- and 

facilitator 600 will delegate such requests to appropriate client agents in the 

community. When the desired video content is ultimately retrieved by video database 

5 agent 640, UI agent 650 is invoked by facilitator 600 to display the movie. 

Other spoken user requests, such as a request for the current weather in New 

York City or for a stock quote, would eventually lead facilitator to invoke web 

database agent 630 to access the desired information from an appropriate Internet site. 

Here again, web database agent 630 preferably includes or is coupled to an 

10 appropriate embodiment of query construction logic 330 and query refinement logic 

340, including a scraping utility such as WebL. Other spoken requests, such as a 

request to view recent emails or access voice mail, would lead the facilitator to invoke 

the appropriate email agent 660 and/or telephone agent 680. A request to record a 

televised program of interest might lead facilitator 600 to invoke web database agent 

15 630 to return televised program schedule information, and then invoke VCR 

controller agent 680 to program the associated VCR unit to record the desired 

television program at the scheduled time. 

Control and connectivity embracing additional electronic home appliances 

(e.g., microwave oven, home surveillance system, etc.) can be integrated in 

20 comparable fashion. Indeed, an advantage ofOAA-based embodiments of the present 

invention, that will be apparent to practitioners in light of the above teachings and in 

light of the teachings disclosed in the cited co-pending patent applications, is the 

relative ease and flexibility with which additional setvice agents can be plugged into 

the existing platform, immediately enabling the facilitator to respond dynamically to 

25 spoken natural language requests for the corresponding services. 
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4. Further Embodiments and Equivalents 

While the present invention has been described in terms of several preferred 

embodiments, there are many alterations, permutations, and equivalents that may fall 

within the scope of this invention. lt should also be noted that there are many 

s alternative ways of implementing the methods and apparatuses of the present 

invention. It is therefore intended that the following appended claims be interpreted 

as including all such alterations, permutations, and equivalents as fall within the true 

spirit and scope of the present invention. 

- 24-
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What is claimed is: 

l. A method for utilizing spoken natural language for navigating an 

electronic data source, the electronic dat.a source being located at one or more network 

servers located remotely from a user, comprising the steps of: 

(a) receiving a spoken natural language ("NL") request for desired 

infonnation from the user; 

(b) rendering an interpretation of the spoken natural language request; 

(c) constructing at least part of a navigation query based upon the 

interpretation; 

(d) soliciting additional input from the user, including user interaction in a 

modality different than the original request; 

(e) refining the navigation query, based upon the additional input; 

(t) using the refined navigation query to select a portion of the electronic 

data source; and 

(g) transmitting the selected portion of the electronic data source from the 

network server to a client device of the user. 

2. The method of claim 1, 'II' rein the step of rendering an interpretation 

2 further includes deriving linguistic inf. ation by using a speech recognition engine 

3 and an NL parser. 

3. The method 

2 query further includes the s 

I, 'Y.' rein the step of constructing a navigation 

f extracting an input template for an online scripted 

3 interface to the data sourc , and using the input template to construct the navigation 

4 query. 
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What is claimed is:

1, A method for utilizing spoken natural language for navigating an

electronic data source, the electronic data source being located at one or more network

servers located remotely from a user, comprising the steps of:

(a)_receiving a spoken natural language (“NL”) request for desired

information from the user;

{b) rendering an interpretation of the spoken natural language request;

{c) constructing at least part of a navigation query based upon the

interpretation;

{d)—soliciting additrona] input from the user, including user interaction in a

modality different than the original request;

(e) refining the navigation query, based upon the additional mput;

(f) using the refined navigation query to select a portion of the electronic

data source; and

(zg) transmitting the selected portion of the electronic data source from the

network server to a client device of the user.

 

 

 
 

 
 

 

2. The method of claim 1, wherein the step of rendering an interpretation

further includes deriving linguistic infpfmation by using a speech recognition engine

and an NL parser.

3. The method p

query further includes the styp

xcrein the step of constructing a navigation

f extracting an input template for an online scripted

interface to the data sourc¢, and using the input template to construct the navigation

query.
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4. The method of claim 3, wherein the step of extracting a input 

2 template includes dynamically scraping the online scripted interface 

5. The method of claim I, wherein the navigation ery is constructed in 

2 the format of a database query language. 

6. The method of claim I, wherein the step rendering an interpretation 

2 and the step of constructing a navigation query are pe onned, at least in part, on a 

3 computing device located locally with the user. 

7. The method of claim I, wherein e step of rendering an interpretation 

2 and the step of constructing a navigation quer)j are perfonned, at least in part, on a 

3 network computing device located remotely rom the user. 

2 

3 

2 

8. The method of claim 1, w erein the step of soliciting additional input 

is perfonned in response to one or mor deficiencies encountered during the step of 

constructing a navigation query. 

9. 8, wherein the deficiencies include unresolved 

words of the spoken 

IO. 

2 required elements 

laim 8, wherein the deficiencies include one or more 

~~~:'!:l;.n<..-Cree1eiit. inable from the interpretation 

3 of the spoken NL 

11. The me od of claim 1, wherein the step of soliciting additional input 

2 is perfonned in respo se to one or more deficiencies encountered after a frrst 

3 navigation of the da source using the navigation query constructed in step (c). 

12. method of claim 11, wherein the deficiencies include existence of 

2 more than one d record within the data source responsive to the navigation query. 

13. e method of claim 11, wherein the deficiencies include failure to 

2 identify a si e data record within the data source responsive tO the navigation query. 

14. The method of claim 1, wherein the input modality of step (d) includes 

2 selecting om a displayed option menu. 

- 26-

DISH, Exh. 1004, p. 36

Petitioner Microsoft Corporation - Ex. 1008, p. 736



F• 

'"'°' 
·~ '.;,~ 

(J§ 
;"'~ 

'"'~ ,,.,,, 
;,;~ 

-1~~ 
\.~ 

il.\ 
~ 

i~l 
ij1 

i,,i$ ,.,,,_ 
! .. ~ 
'"'"-

' '"'~ •"'"' ,,,,., 

15. The method of claim 14, wherein the act of selecting fro the 

2 displayed option menu is performed by speaking. 

16, The method of claim 1, wherein the method is p rmed with respect 

2 to a plurality of simultaneous users and corresponding client d 

17. The method of claim I, further including th step of selecting the data 

2 source from among a plurality of candidate electronic da sources, in response to the 

3 interpretation of the spoken NL request 

18. The method of claim 1, wherein the ectronic data source stores 

2 multimedia content including at least one ofvide content and audio content. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

19. A system for utilizing spoken tural language to navigate an 

electronic data source, the electronic data so rce being located at one or more network 

servers located remotely from a user, the stem comprising: 

(a) a portable microphone erable to receive a spoken natural language 

("NL") request for de red information from the user; 

(b) 

(c) query c 

respons 

(d) 

cessing logic, operable to render an interpretation 

I language request; 

ogic, operable to c ct a navigation query in 

of the spoken narural language request; 

tion logic, operable to solicit additional input from the user, 

user interaction in a modality different than the original 

(e) que refining logic, operable to refine the navigation query, based 

u the additional input; 

(f) vigation logic, operable to select a portion of the electronic data 

ource using the navigation query; and 
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15. The method of claim 14, wherein the act of selecting from the

displayed option menu is performed by speaking.

16. The method ofclaim 1, wherein the methodis performed with respect

to a plurality of stmultaneous users and corresponding client devices.

17, The method of claim 1, further including the/step of selecting the data

source from amonga plurality of candidate electronic datd sources, in responseto the

interpretation of the spoken NL request.

18. The method of claim 1, wherein the glectronic data source stores

multimedia content includingat least one of videg content and audio content.

19. A system forutilizing spoken natural language to navigate an

electronic data source, the electronic data sofirce being located at one or more network

servers located remotely from a user, the s/stem comprising:

(a) a portable microphone gberable to receive a spoken natural language

(“NL”) request for degired information from the user;

(b)

3) 
(d) user intergCtion logic, operable to solicit additional input from the user,

including user imteraction in a modality different than the original

(e} query refining logic, operable to refine the navigation query, based

the additional imput;

(f) yavigation logic, operable to select a portion of the electronic data

source using the navigation query; and
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17 

18 

19 

(g) electronic communications infrastructure for transmittin e selected 

portion of the electronic data source from the network erver to a 

primarily stationacy, display device located locally ith the user. 

20. The system of claim 19, wherein the spoken la uage processing logic 

2 includes speech recognition logic and an NL parsing logic fo 

3 information. 

21. The system of claim 19, wherein the sp en language processing logic 

2 extracts an input template for an online scripted inte ace to the data source, and uses 

3 the input template to construct the navigation qu 

22. The system of claim 21, wherei the spoken language processing logic 

2 dynamically scrapes the online scripted inter ce. 

23. The system of claim 19, w erein the quety construction logic 

2 constructs the query in the format of a tabase query language. 

24. The system of claim 9, wherein at least a portion of the spoken 

2 language processing lo · is ho on a computing device located locally with the 

3 user, and wherein the ortable 1crophone is electronically coupled to the local 

4 computing device. 

25. 

2 language processing logi is hosted on a network computing device located remotely 

3 from the user, and wh in the portable microphone sends data to the remote network 

4 computing device via e communications infrastructure. 

26. The ystem of claim 19, wherein the user interaction logic solicits 

2 additional input i response to one or more deficiencies encountered during 

3 construction of e navigation query. 

27. The system of claim 26, wherein the deficiencies include unresolved 

2 words of the po ken NL request. 
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(g) electronic communications mfrastructure for transmitting/he selected

 
 

 

 
 

  
 

20. The system of claim 19, wherein the spoken language processing logic

includes speech recognition logic and an NL parsing logic fof deriving linguistic

information.

21. The system of claim 19, wherein the spgken language processing logic

extracts an input template for an online scripted interface to the data source, and uses

the input template to construct the navigation que

22. The system of claim 21, whereiy' the spoken language processing logic

dynamically scrapes the online scripted mterface.

23. The system of claim 19, wherein the query construction logic

additional input i1fresponse to one or more deficiencies encountered during

construction of the navigation query.

27.

words of the

The system of claim 26, wherein the deficiencies include unresolved

poken NL request.
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28. The system of claim 26, \vherein the deficiencies include one r more 

2 required elements of the navigational query not detenninable from the int retation 

3 of the spoken NL request. 

29. The system of claim 19, wherein the user interaction ogic solicits 

2 additional input in response to one or more deficiencies en count d after a first 

3 navigation of the data source perfonned by the navigation logic 

30. The system of claim 29, wherein the deficie ies include existence of 

2 more than one data record within the data source responsi e to the navigation query. 

31. The system of claim 29, wherein the d tciencies include failure to 

2 identify a single data record within the data source r sponsive to the navigation query. 

32. The system of claim 19, wherein e user interaction logic displays an 

2 option menu. 

33. The system of claim 32, wh rein the act of selecting from the 

2 displayed option menu is performed bys eaking. 

34. The system of claim l , wherein the navigation logic selects the data 

2 source from among a plurali ofc dictate electronic data sources, in response to the 

i,.EJ 3 interpretation of the spok NL uest. 

35. The sys 19, wherein the electronic data source stores 

2 multimedia content inc ·~-of -.---- . ;a• ·video content and audio content. 

36. The syste of claim 19, wherein the display device receives data from 

2 the electronicdata sourc on the network servers via a communications box. 

37. The sys em of claim 19, \Vherein the electronic communication 

2 infrasbucture is a tw way infrastructure and is selected from among one or more of 

3 the following group· {coaxial cable, DSL, satellite, wireless/cellular, fiber-optic}. 

38. An omputer program embodied on a computer readable medium for 

2 utilizing spoken tural language for navigating an electronic data source, the 

- 29" 
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3 electronic data source being located at one or more network servers loc ed remotely 

4 from a user, comprising: 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

39. 

a code segment that receives a spoken natural lang 

for desired infonnation from the user, 

a code segment that renders an interpretation f the spoken natural 

language request; 

a code segment that constructs at least p of a navigation query based 

upon the interpretation; 

a code segment that solicits additio al input from the user, including 

user interaction in a modality dif rent than the original request; 

a code segment that refines th navigation query, based upon the 

additional input; 

a code segment that uses e refined navigation query to select a 

portion of the electroni data source; and 

device l cated I 

nsmits the selected portion of the electronic data 

k server to a primarily stationary, display 

The co put rogram of claim 38, further comprising a code segment 

2 ·that derives linguistic info tion by using a speech recognition engine and an NL 

3 parser. 

40. ter program of claim 38, further comprising a code segment 

2 that extract an input te late for an online scripted interface to the data source, and a 

3 code segment that use the input template to construct the navigation query. 

41. The mputer program of claim 40, further comprising a code segment 

2 that dynamically s apes the online scripted interface. 

42. e computer program of claim 38, wherein the navigation query is 

2 constructed in e fonnat of a database query language. 
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electronic data source being located at one or more network servers locgted remotely

from a user, comprising:

(a) a code segmentthat receives a spoken natural langyage (“NL”) request

for desired information from theuser;

(b) acode segmentthat renders an interpretation éf the spoken natural

language request,

(c) acode segment that constructs at least pgrt of a navigation query based

upon the interpretation;

(d) acode segment thatsolicits additiofia! input from the user, including

user interaction in a modality different than the original request;

{e) a code segmentthat refines th¢ navigation query, based upon the

additional input;

(f) a code segmentthat uses fhe refined navigation query to select a

portion of the electroni¢ data source; and

(g) Abasmits the selected portion of the electronic data
source fro k server to a primarily stationary, display

ally with the user.

39. The cotyputerfrogram ofclaim 38, further comprising a code segment

‘that derives linguistic information by using a speech recognition engine and an NL

parser.

40. The compliter program of claim 38, further comprising a code segment

that extract an input tenfplate for an online scripted interface to the data source, and a

code segmentthat useg the input template to construct the navigation query.

41, The gomputer program of claim 40, further comprising a code segment

that dynamically sgrapes the online scripted interface.

42. € computer program of claim 38, wherein the navigation query is

constructed in tie format ofa database query language.
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43. The computer program of claim 38, wherein rendering of 

2 interpretation and the construction of the navigation query are performe 

3 part, on a computing device located locally with the user. 

44. The computer program of claim 38, wherein the re dering of the 

2 interpretation and the construction of a navigation query are pe ormed, at least in 

3 part, on a network computing device located remotely from e user. 

45. The computer program of claim 38, where· code segment that solicits 

2 additional input solicits the additional input in response one or more deficiencies 

3 encountered during the constructing of the navigatio query. 

46. The computer program of claim 4 , wherein the deficiencies include 

2 unresolved words of the spoken NL request. 

47. The computer program of cl 45, wherein the deficiencies include 

2 one or more required elements of the nav' ational query not determinable from the 

3 interpretation of the spoken NL request 

48. The compu of claim 38, wherein the code segment that 

2 solicits the additional i ut solic · e additional input in response to one or more 

3 deficiencies encounte ed after a st navigation of the data source. 

49. ogram o c aim 48, wherein the deficiencies include 

2 existence of more th. _ _,,._/"ata record within the data source responsive to the 

3 navigation query. 

50. The co uter program of claim 48, wherein the deficiencies include 

2 failure to identify a si gle data record within the data source responsive to the 

3 navigation query. 

51. Th computer program of claim 38, wherein code segment that solicits 

2 additional input splays an option menu. 

52. he computer program of claim 51, wherein the act of selecting from 

2 option menu is performed by speaking. 
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43. The computer program ofclaim 38, wherein rendering of thé

interpretation and the construction of the navigation query are performed,at least in

part, on 4 computing device located locally with the user.

44. The computer program of claim 38, wherein the regidering of the

interpretation and the construction of a navigation query are pepformed, at least in

part, on a network computing device located remotely from tHe user.

45, The computer program ofclaim 38, wherejn code segmentthatsolicits

additional input solicits the additional input in responseAo one or more deficiencies

encountered during the constructing of the navigation/query.

46. The computer program of clan 43 wherein the deficiencies include

unresolved words of the spoken NL request.

47, The computer program of clgim 45, wherein the deficiencies include

one or more required elements of the navigational query not determinable from the |

interpretation of the spoken NL request

48. The compute mewn of claim 38, wherein the code segment that

solicits the additional input solicify the additional mput in response to one or more

49, The domputerfrogram of Claim 48, wherein the defictenctes include

existence of more tha éMata record within the data source responsive to the

navigation query.

50. The conjputer program of claim 48, wherein the deficiencies include

failure to identify a sidgle data record within the data source responsive to the

navigation query.

51. The computer program of claim 38, wherein code segmentthat solicits

additional input displays an option menu.

52. he computer program of claim 51, wherein the act of selectmg from

the displayedoption menu is performed by speaking.
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53. The computer program of claim 38, wherei the code segments of the 

2 computer program operate with respect to a plurality of imultaneous users and 

3 corresponding client devices. 

54. The computer program o , further comprising a code segment 

2 that selects the data source from amon a pl 

3 sources, in response to the interpreta 

55. The computer progra of claim 38, wherein the electronic data source 

2 stores multimedia content includi at least one of video content and audio content. 

" 
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IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re the application of 

Halverson et al. 

Application No. 09/608,872 

Filed: June 30, 2000 

Fo!' MOBILE NAVIGATION OF NETWORK
BASED ELECTRONIC INFORMATION 
USING SPOKEN INPUT 
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) Examiner: Not Assigned 
) 
) Art Unit: 2741 
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) Atty. Docket No. SRJ1P037B 
) 
) Date: October 30, 2000 
) 
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PATENT 

I hereby certify that 1his correspondence is being deposited with 1he United States 
Postal Service as First C~ Mail in an envelGpe addressed to: Asoistant 
COTIL'Tlissicner for Pa ts, W h1ngt oo. 

Si ed: 
Julie A. Curts 

RESPONSE TO NOTICE TO FILE MISSING PAR 

Assistant Commissioner for Patents 
Box: Missing Parts 
Washington, D.C. 20231 

Sir: 

In response to the Notice to File Missing Parts of Application-Filing Date Granted dated 

September 1, 2000, Applicants hereby attach an original executed Declaration and Power of Attorney, 

and the copy of the Notice to be returned with this response. 

Applicants are also attaching Check No. ·~· 9 for $65.00 in payment of the surcharge fee. The 

Commissioner is authorized to charge any other fees that may be due to our Deposit Account No. 50-

1351 (Order No. SR11P037B). A copy of this sheet is enclosed for this purpose. 

P.O. Box 721030 
San Jose, CA 95172-1030 
(408) 505-5100 

Attorney Docket No. SRIIP037B 
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(Agel. No.) AGounny) (Filing Date)
es

(Appl. Noy _HCounny) {FilingDate)
ne: Cives [No
(Appt. No.) "| pEountey) (Filing Dete)
| hereby claim the benetit under357U.S.C. §11%e) ofany United States provisional application(a) listed below:

 

(Application Serial No} 2 (Filing Date)

(ApplicationSerial Ne.) “ (Filing Date)
{ hereby claisn the benefit under‘ile 35, United Suases Code, § 120 ofany UnitedStates application(s), or § 365{c) of any PCT
international application designativ® the United Suttes, listed below and, insofir as che subject matter ofeach of the claims of this
application is not disclosed in gitprior United States or PCT fnicmnationsl application in the manner provided by the first
paragraph of Title 35, United States Code, § LIQ, t acknowledge the dnty to dischese infocmation which is material to
patentabllity as defined in Tide 37; Code of Federal Regulations, § 1.56 which became available between the Gling date of the
prios application and the national or PCT imernational fiting dev: of this application:
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Full Name: ofSccondJojat 
fnveaaw (if' any): 

1ave1tior-s slpature: 

·-· {Cl\y) 

full N.mc of'Thinl Joint 
lnvelllet{ir any): 

·- {Cicy) 

SRI PATENT OFFICE PAGE ll 

';. (Filio& Coate) 

','\ 

~: 

....,.,_c....oh...,..,.z._1 _..a"'o'---

9dilOtnial!JSA 
' , .. 
' '~ Mso!o ............ P!!!t,.,....,.....,. .. ,,,, ' . ' -
; ;·' 

I~lgniki 

:-,,: 
. '· -... -
' .'i:· - __ , 

·:.I 

~) Greece 

tteo'\ Eoi'(ates., J!t9ssalgnik.f 570\9, Greec:e 
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Priér US. Application(s)

 
 

{Application Serial No.) (Fics Date} {Stans- pagented, pending, abandoned)

(Application Serial No.) | (Fileg Be (Sustus - pened, pending. shandoned)

aud tneceby appoles tim low finnj;3tisionna Sephamn Coleman &: Hoghes, lstading Paal t. tSickman (long Ne. 26,516): be
Keith Stephens (Reg. No. 32,632}iBrian & Coleman (Reg. No. 39,145); Michael J. Hughes (Reg. No. 29,077}; Michse! E.
Melton (Reg. No. 32,276); Raymeed ©. Roberts (Reg. No. 38,597); Vidya R. Braker(Reg. No. 423259; Lacry B. Guernsey
(Rez. No. 40,008); Deugias &. Piqubenrie (Reg. No. 38,955); piichsel 1. Plimicr (Reg. No. £3,004); Reasld B. Pesce (Reg.
No. 46,337); Stefante Of. Ho ea eReg. No. £45,929); aad Rabert D. Hayden (Reg, No. <2.645) 25 my principal zttomeys to

  
 

 

HICKMAN STEPHENS COLEMAN& HUGHES, LLP
P.O. BOX 52037

Palo Alto, California 94303-0746

. Rayaned €. Soberts et trlepkone nember (483) 558-9950
{ herby dectare thet all semementei herein ofmy own knowledge are trac ard thar all starements made on information and
botiefare believed ta be truc, and fie thet theststasement: weremade with the kpawledge that willfialfalse statements andthe
like so made ate punishable by fitslor imprisonment, or both, under section 1001 ofTitis 18 ofthe United Stuns Code, and that
such willful falze statements mayjeop the vabdlity ofthe application ar any patent ictting thereon.

Typewennen Full Nas of
Sole or First Inventor:

laventor's signature: Lea RAAT

Residence: City) Samtose Stevo)
Post Office Address: oh i i

full Name ofSevond Join:
Invertor (ifany):

Fall Name ofThird Joint

Inventar (ifany}: Cizensbips«=_Gece

laventor’s signature: Date ofSgeatare:_ 6 /16 fom

Residence: (City) toni (Sute/Country) Greece
Pos Office Address; ie. Se a Sire te pivates essaltaniki S7019. Greece,
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.,.._.ip: USA 
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~Alto {StlllBIC<*lltry) ~nltfornia /USA 
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Mises lye Bila pSu-ySu-" 4 SRI PATENT OFFICE Paste 16

Full Name ofFourth Joint
Inventor Cif any): Citizenship: tiSA

inventor's signature: oe _L pores, DateofSiguature: Elzz/oo
Resideace: (Cay) __PabasCAT to (StueCountry) California ‘USA

  
a.
i

oa
od

LtdDate

i

Attny Docket No.SRIiP037 Pags 3 of 3

DISH, Exh. 1004, p. 63

Petitioner Microsoft Corporation - Ex. 1008, p. 763



~ 

~;··\~ UNITED Sli\TES PATENT AND TAADEMARK OmcE 
l ' . . 

!:$;;. ... .,,.~ .. z 

Page I of I 

>EC o t 
fL3 

COMMISSION!!;R FOR PATENTS 
UNTED STATE:S PAT!!;NT AND lRADe:MARK 0FFl<;E 

~><INOTOI<. 0.C. 202.31 
www.usplo.gov 

APPLICATION NUMBER FfLINGIRECETPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

09/608,872 Christine Halversen SR!lp0378 

FORMALITIES LETTER 
Kevin J Zilka 
PO Box 721030 11111111111111 IU 11111111111111111111111111111111111111111111 II 

San Jose, CA 95172-1030 
·ocoooooooo5370740* 

Date Mailed: 09/01/2000 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

An application riumber- and filing date have been accorded to this application. The item{s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file alt 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136{a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1. 63, identifying the application by the 
above Application Number and Filing Date, is required. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) 
of $65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items 
identified in this letter. 

• The balance due by applicant is$ 65. 

A copy of this notice MUST be returned with the reply. 

1 i/()2./2000 HflOOR1 00000067 09b08872 

01 FC:205 f.5.00 OP 
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UrenSuesParaTeanmaneOmesPV
COMMISSIONER FOR PATENTS

UNTEO STATES PaTeNT AND TRADEMARK OFFICE
WASHINGTON, D.C, 2023]

WAVUSPC.

APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

 

 

09/608,872 Christine Halversen SRIip037B

FORMALITI ES LETTER
Kevin J ZilkaKevin17k 00
San Jose, CA 95172-1030 

Date Mailed: 09/0 1/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 3? CFR 1.53(b)

Filing Date Granted

An application numberandfiling date have been accordedto this application. The item(s} indicated below,
however, are missing. Applicantis given TWO MONTHS from the date of this Notice within which to file alt
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136{a).

e The cath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Dafe, is required.

e To avoid abandonment,alate filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e}
of $65 for a smal! enfity in compliance with 37 CFR 1.27, must be submittedwith the missing items
identified in this letter.

e The balance due by applicantis $ 65.

A copy ofthis notice MUSTbe returned with ihe reply.

 
Initial Patent Examination Division (703) 368-1202

PART 2- COPY TO BE RETURNED WITH RESPONSE

iL/es/20c0 HHOOR]©00000087 O9B04872

GL Fos20) £9.00 OF
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IN THE UNii ~~STATES PATENT AND TRADEMA._. -OFFICE 

CERTIFICATE OF EXPRESS MAil.JNG 
I hereby certify that this paper and the documents and/or fees referred to as 
attached therein are being depruited with the United States Postal Seivice 
on June 30, 2 1n an envelo "Express Mail Post Office to 
Addressee" nd F §LIO,Mail!ngLabelNumber 
EK858788f2 , ad d the Assistant commissioner for Pacents, 
Washingto , 20 3 . 

/ 

Attorney Docket No.: SRJ1P037B 

First Named Inventor: 

HAL VERSEN, Christine 

CKevm J. Zi 
<=>===G 
Q\ ...... OI 
--~o 

~~~ 
<:> ., 
=-· 

UTILITY PATENT APPLICATION TRANSMITTAL (37 CFR. § 1.53(b )) 
(Continuation, Divisional or Continuation-in-part application) -.. ;;;;;!!!; ... 

§i;! 0 Assistant Commissioner for Patents 
·Box Patent Application 
Washington, DC 20231 

D Duplicate for 
fee processing 

Sir: This is a request for filing a patent application under 37 CPR.§ l.53(b) in the name of inventors: 
Christine Halversen, Luc Julia, Dimitris Voutsas, Adam Cheyer 

For: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION USING 
SPOKEN INPUT 

This application is a (gl Continuation D Divisional D Continuation-in-part 

of prior Appli~tion No.: 09/524,095, from which priority under 35 U.S.C. § 120 is claimed. 

Application Elements: 

33 Pages of Specification, Claims and Abstract 

07 Sheets of Drawings 

Declaration 

D Newlyexecuted(original or copy) 

D Copy from a prior application (37 CPR 1.63(d) for a continuation or divisional). 
The entire disclosure of the prior application from which a copy of the declarati"on is 
herein supplied is considered as being part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

D Deletion of inventors Signed statement attached deleting inventor(s) 
named in the prior application, see 37 CPR l.63(d)(2) and l.33(b). 

Accompanying Application Parts: 

D Assignment and Assignment Recordation Cover Sheet (recording fee of$40.00 enclosed) 

D Power of Attorney 

D 37 CPR 3.73(b) Statement by Assignee 

(Revised 12197, Pat App Trans 53(b) ContDivCIP) Page I of 3 
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CERTIFICA . =

I hereby certify that this paper and the documents and/orfees referred to as Attorney Docket No.: SRILP037B La) =
srimestaliynsneneag"EapesMafra. Fitst Named Inventor: yw?! wees
Addressee” septace, pf $1.10, Mailing Label Numbe . Oswnaay f dane assistant CorumissionerforPatents, HALVERSEN,Christine —aucle-24 oaseWashingtoy, Dx? . : :

| SSS rRovin IZ

>— ® evin i.a=2
——
=. UTILITY PATENT APPLICATION TRANSMITTAL(37 CFR.§ 1.53(h))
Ses ‘ (Continuation, Divisional or Continuation-in-part application)

==5
= ==°4ssistant Commissionerfor Patents [J Duplicate for

- ‘Box Patent Application fee processing
Washington, DC 20231

Sir: This is a request for filing a patent application under 37 CFR. § 1,53(b) in the name ofinventors:

=3 Christine Halversen, Luc Julia, Dimitris Voutsas, Adam Cheyer
Ae : :

a For. MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION USING
Gi SPOKEN INPUT

“i This application is a Continuation [| Divisional [| Continuation-in-part
5 of prior Application No.: 09/524,095, from which priority under 35 U.S.C, §120 is claimed.
td ,

a Application Elements:

Let | 33 Pages ofSpecification, Claims and Abstract
DX] 07 Sheets of Drawings
LI Declaration

[| Newly executed (original or copy)
Copy from a prior application (37 CFR 1.63(d) for a continuation or divisional).

The enitire disclosure of the prior application from which a copy ofthe declarationis
herein supplied is considered as being part of the disclosure ofthe accompanying
application and is hereby incorporated by reference therein.

Deletion ofinventors Signed statement attached deleting inventor(s)

named jn the prior application, see 37 CFR 1.63(d)(2) and 1.33(b).

Accompanying Application Parts: 

[] Assignment and Assignment Recordation Cover Sheet (recording fee of$40.00 enclosed)
Powerof Attomey

|__| 37 CER 3.73(b) Statement by Assignee
(Revised 12/97, Pat App Trans 53(b} ContDivCIP) Page I of3
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Infonnation Discloo )tatement with Form PT0-1449 C 
Preliminary Amendment 

Return Receipt Postcard 

pies of IDS Citations ~ 
~ Small Entity Statement(s) ~ Statement filed in prior application. Status still proper and 

desired. 

D Other: 

Claim For Foreign Priority 

D Priority of Application No. filed on 
--~~- is claimed under 35 U.S.C. § 119. 

D The certified copy has been fil.ed in prior application U.S. Application No. __ _ 

D The certified copy will follow. 

Extension of Time for Prior Pending Application 

0 A Petition for Extension of Time is being concurrently filed in the prior pending 
application. A copy of the Petition for Extension of Time is attached. 

"""~ Amendments 
'""'' 

" 

D Amend the specification by inserting before the first line the sentence: "This is a 

D Continuation 0 Continuation-in-part 0 Divisional 
application of copending prior 

D Application No. filed on 

D 
·~~~ ~~~~ 

International Application ____ filed on ____ which 

designated the United States, 
the disclosure of which is incorporated herein by reference." 

,-'/ 
Cancel in this application original claims 2-55 of the prior application 
before calculating the filing fee. (At least one original independent claim must be retained.) 

Fee Calculation (37 CPR§ 1.16) 

(Col. 1) (Col. 2) SMALL ENTITY OR LARGE ENTITY 
NO. FILED NO.EXTRA RATE FEE RATE FEE 

BASIC FEE $345 $ 345 OR $690 $ 
TOTAL CLAIMS 27 -20= 7 x09= $ 63 OR xl8= $ 
INDEP CLAIMS 3 -03 = 0 x39= $ OR x78 = $ 
[] Multiple Dependent Claim Presented $130 = $ OR $260 = $ 
* If the difference in Col. 1 is less Total $ 408 OR Total $ 
than zero, enter "O" in Col. 2. 

CS! Check No. 13 7 in the amount of$ 408.00 is enclosed. 

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 2 of3 
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he

[| Information Disclo:  }tatement with Form PTO-1449 [! pies of IDS Citations
Preliminary Amendment

, Return Receipt Postcard

[| Small Entity Statement(s) Statementfiled in prior application. Status still proper and
desired.

| Other:

AA

Claim For Foreign Priority .

[| Priority of Application No. filed on
is claimed under 35 U.S.C. § 119.

Thecertified copy has beenfiled in prior application U.S. Application No.

The certified copy will follow.

Extension ofTime for Prior Pending Application 

[i A Petition for Extension of Timeis being concurrently filed in the prior pending
application. A copy of the Petition for Extension of Timeis attached.

Amendments

[] Amend the specification by inserting before thefirst line the sentence: “This is a
[_] continuation [| continuation-in-part  [__} Divisional
application of copending prior

Application No. filed on ;

International Application filed on which
designated the United States,

the disclosure of which is incorporated herein by reference.”

ef

Cancel in this application original claims ___2-55__ of the prior application
before calculating the filing fee. (Ai least one original independent claim must be retained.)

Fee Calculation (37 CFR § 1.16)

(Col. 1) (Col. 2) SMALL ENTITY OR LARGE ENTITY
NO. FILED NO.EXTRA RATE FEE RATE FEE

BASIC FEE $345 §$ 345 OR $690 $

TOTAL CLAIMS _27 -20= _7 , x09= § 63. OR x1l8= $

INDEP CLAIMS 3. .03= 0 x39= § OR x78 = $

[ ] Multiple Dependent Claim Presented $130=$ OR $260 = $
 * Ifthe difference in Col. 1 is less Total §$ 408 OR Total $

than zero, enter "0" in Col. 2.

bX Check No. 137 in the amount of $ 408.00 is enclosed.

(Revised 12/07, Pat App Trans 53(b) ContDivCIP) Page 2 of 3
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[8J The Commissioner is autho to charge any fees beyond the amount, sed which may be 
required, or to credit any overpay111t=nt, to Deposit Account No. 50-1351 (Orde1 No. SR11P037B). 

General Authorization for Petition for Extension of Time (37 CPR §1.136) 

~ Applicants hereby make and generally authorize any Petitions for Extensions of Time as may be 
needed for any subsequent filings. The Commissioner is also authorized to charge any extension fees under 
37CPR§1.17 as may be needed to Deposit Account No. 50-1351 (Order No. SRJIP037B). 

~ Please send correspondence to the following address: 

Direct Telephone Calls To: 

Date: --~l~u~ne~l0~2~0~00~ 

Kevin J. Zilka 
P.O. BOX 721030 
San Jose, California 95172-1030 

Kevin J. Zilka at telephone number (408) 505-5100 

Kevin J. 
Registration 

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 3 of3 
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The Commissioneris autho to charge any fees beyond the amount| sed which may be
required, or to credit any overpayment, to Deposit Account No. 50-1351 (Order No. SRJ1P0378).

General Authorization for Petition for Extension ofTime (37 CFR §1.136)

bx] Applicants hereby make and generally authorize any Petitions for Extensions ofTime as may be
needed for any subsequentfilings. The Commissioner is also authorized to charge any extension fees under
37 CFR §1.17 as may be needed to Deposit Account No. 50-1351 (Order No. SRI1P037B).

xX] Please send correspondence to the following address:

  

 

Kevin J. Zilka

P.O, BOX 721030

San Jose, California 95172-1030

Direct Telephone Calls To: Kevin J. Zilka at telephone number (408) 505-5100

ove Date: June 30, 2000
= Kevin J. Zilka
a Registration

(Revised 12/07, Pat App Trans 53(b} ContDivCIP) Page 3 of 3
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PATENT 

IN THE UNITED STATES PA TENT AND TRADEMARK OFFICE 

Jn re the application of 

Christine HAL VERSEN et al. 
Co:<; 'ii'f Z

Application No. 091524,095 

Filed: March 13, 2000 

) 
) 
) 
) 
) 
) 
) 
) 

For: NAVIGATING NETWORK BASED ) 
ELECTRONIC INFORMATION USING SPOKEN ) 
NATURAL LANGUAGE INPUT WITH MUL TIMODAL ) 
ERROR FEEDBACK ) 
~~~~~~~~~~~~~~~~~~) 

Docket: 
SRI1P037B 

Date: Jnne 30, 2000 

Preliminary Amendment 

OJ Assistant Commissioner for Patents 
-.,,_1 and Trademarks 
l'i Washington, DC 20231 

Dear Sir: 

Jn regard to the above-named patent application, please enter the following amendments. 

IN THE TITLE: · / 
Please delete "NAVIGATING NETWORJj°-BASED ELECTRONIC INFORMATION 

USING SPOKEN NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR 

FEEDBACK", and insert therefore, --MOBILE NAVIGATION OFNETWORK-BASED 

ELECTRONIC INFORMATION USING SPOKEN INPUT--, . 

IN THE ABSTRACT: / 

Please delete the Abstract and insert therefore --{A system, method, and article of 

manufacture are provided for navigating an electronic data source by means of spoken language 

~ where a portion of the data link between a mobile information appliance of the user and the data 

SRllP037B - I -
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE aks lB
Lay

Docket: u 20-0
SRI1P037B —_awheal

In re the application of

Christine HALVERSENet al.

GO% BF2
Application No. 09/524,095

i Filed: March 13, 2000
Date: June 30, 2000

For: NAVIGATING NETWORK BASED

ELECTRONIC INFORMATION USING SPOKEN

NATURAL LANGUAGE INPUT WITH MULTIMODAL

ERROR FEEDBACK

i]a

Preliminary Amendmenta

 
 
 
 
 
 
 

 
 
 
 
 

IRAcaTHaew#StakBanalaclsaeeblHrok®
Assistant Commissioner for Patents

andTrademarks

Washington, DC 20231

ak

saata reyAlita

tarEqa!eal
Dear Sir:

In regard to the above-named patentapplication, please enter the following amendments.

INTHE TITLE: | LO
. __ Please delete “NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION
USING SPOKEN NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR
FEEDBACK”, andinsert therefore,MOBILE NAVIGATION OFNETWORK-BASED
ELECTRONIC INFORMATIONUSINGSPGKENINPUT--: |

IN THE ABSTRACT:

Please delete the Abstract and insert therefore --[Asystem,method,and article of
manufacture are provided for navigating an electronic data source by meansof spoken language

Q) where a portion of the data link between a mobile information appliance of the user and the data
SRIIPO37B -l-

27 OR
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source utilizes wireless communication. When a spoken input request is received from a user 

who is using the mobile information appliance, it is interpreted. The resulting interpretation of 

the request is thereupon used to automatically construct an operational navigation query to 

retrieve the desired information from one or more electronic network data sources, which is 

transmitted to the mobile infonnation appliance~-

··'". 

( IN THE SPECIFICATION: / L On page 1, line 5, please delete "This is" and insert therefore, -'lT'his application is a 

continuation of an application entitled NAVIGATING NETWORK-BASED ELECTRONlC 

INFORMATION USING SPOKEN NATURAL LANGUAGE INPUT WITH MULTIMODAL 

ERROR FEEDBACK which was filed on March 13, 2000 under serial number 09/524,095 and 

which id:-. 

C Please delete page 3, lines 3:03( and insert therefore, - he present invention addresses 

ea ove nee s y prov1 1ng a system, method, and article of manufacture for mobile navigation 

of network-based electronic data sources in response to spoken input requests. When a spoken 

input request is received from a user using a mobile information appliance that communicates 

with a network server via an at least partially wireless communications system, it is interpreted, 

such as by using a speech recognition engine to extract speech data from acoustic voice signals, 

and using a language parser to linguistically parse the speech data. The interpretation of the 

spoken request can be performed on a computing device locally with the user, such as the mobile 

information appliance, or remotely from the user. The resulting interpretation of the request is 

thereupon used to automatically construct an operational navigation query to retrieve the desired 

information from one or more electronic network data sources, which is then transmitted to a 

client device of the user. If the network data source is a database, the navigation query is 

constructed in the format of a database query language. 

Typically, errors or ambiguities emerge in the interpretation of the spoken request, such 

that the system cannot instantiate a complete, valid navigational template. This is to be expected 

occasionally, and one preferred aspect of the invention is the ability to handle such errors and 

ambiguities in relatively graceful and user-friendly manner. Instead of simply rejecting such 

input and defaulting to traditional input modes or simply asking the user to try again, a preferred 

embodiment of the present invention seeks to converge rapidly toward instantiation of a valid 

navigational template by soliciting additional clarification from the user as necessary, either 

before or after a navigation of the data source, via multimodal input, i.e., by means of menu 

SRI1P037B - 2 -
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source utilizes wireless communication. When a spoken input request is received from a user

whois using the mobile information appliance, it is interpreted. The resulting interpretation of

\ the request is thereupon used to automatically construct an operational navigation query to
retrieve the desired information from one or more electronic network data sources, which is

Ar transmitted to the mobile information appliance&= :
ate

IN THE SPECIFICATION: SL
On page 1, line 5, please delete “This is” and insert therefore, -{This application is aeeeeneeeeeeee

continuation of an application entitled NAVIGATING NETWORK-BASED ELECTRONIC

a INFORMATION USING SPOKEN NATURAL LANGUAGE INPUT WITH MULTIMODAL

  

% ERROR FEEDBACKwhich wasfiled on March 13, 2000 under serial number 09/524,095 and
which ig=:

 

  
 

se Please delete page 3, lmes 3 to 32, and insert therefore, -{lhe present invention addresses

€ above needs by providing a system, method, and article of manufacture for mobile navigation

ofnetwork-based electronic data sources in response to spoken input requests. When a spoken

input request is received from a user ysing a mobile information appliance that communicates

with a network server via an at least partially wireless communications system,it is interpreted,

3 such as by using a speech recognition engine to extract speech data from acoustic voice signals,

= and using a language parser to linguistically parse the speech data. The interpretation ofthe
a spoken request can be performed on a computing device locally with the user, such as the mobile
‘eet information appliance, or remotely from the user. The resulting interpretation ofthe requestis

thereupon used to automatically construct an operational navigation query to retrieve the desired

information from one or more electronic network data sources, which is then transmitted to a

client device of the user. Ifthe network data source is a database, the navigation query is

constructed in the format of a database query language.

Typically, errors or ambiguities emerge in the interpretation of the spoken request, such

that the system cannot instantiate a complete, valid navigational template. This is to be expected
occasionally, and one preferred aspect of the vention is the ability to handle such errors and

ambiguities in relatively graceful and user-friendly manner. Instead of simply rejecting such

input and defaulting to traditional input modes or simply asking the userto try again, a preferred
embodiment ofthe present invention seeks to converge rapidly toward instantiation of a valid

navigational template by soliciting additional clarification from the user as necessary,either

before or after a navigation of the data source, via multimodal input, Le., by means of menu
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( 

selection or other input modalities including and in addition to spoken input. This clarifying, 

multi-modal dialogue takes advantage of whatever partial navigational information has been 

gleaned from the initial interpretation of the user's spoken request. This clarification process 

continues until the system converges toward an adequately inStantiated navigational template, 

which is in tum used to navigate the network-based data and retrieve the user's desired 

information. The retrieved information is transmitted across the network and presented to the 

user on a suitable client display device .. !"---------------------------

INTHECLAIMS: // s~ iv 
Please delete claims 1-55, and insert therefore the following claims..1~: 

. ~ 

. ·~ - m o for speech-based navigatio of an electro 

U"(or more network servers located remotely from au er, wherein at least a portion of a data 

link between a mobile information appliance of the user d the one or more network servers 

utilizes wireless communication, comprising the steps f: 

(a) 

(b) 

(c) 

(d) 

receiving a spoken request for desir information from the user utilizing the 

mobile information appliance of th user; 

rendering an interpretation of th spoken request; 

constructing a navigation que based upon the interpretation; 

utilizing the navigation qu to select a portion of the electronic data source; and 

(e) transmitting the selected ortion of the electronic data source from the network 

0 

I~ 
(New) The method ofclai~ wherein the step of rendering the interpretation of 

the spoken request is performed at the one or more .network servers. 

"? ~ (New) The method ofcl~iSwherein the step of rendering the interpretation of 

the spoken request is performed by the mobile infonnation appliance. 

* ~, (New) The method of clai~further comprising the steps of soliciting additional 

inpi1t from the user, including user interaction in a modality different than the original request; 
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selection or other input modalities including and in addition to spoken input. This clarifying,

multi-modal dialogue takes advantage ofwhatever partial navigational information has been

gleaned from the imitial interpretation of the user's spoken request. This clarification process

% continues until the system converges toward an adequately instantiated navigational template,
Y \ which is in turn used to navigate the network-based data and retrieve the user's desired
aM information. The retrieved information is transmitted across the network and presented to the

user on a suitable client display device. 
a

INTHE CLAIMS:  
 

sh 3%
Please delete claims 1-55, and insert therefore the following claims.4,“ai:

Ly a
~~ f° (Stewy7Cmethod for speech-based navigatiod of an electro data source leeated

 

 

 
 
 
 
 
 
 
 

 

or more network servers located remotely from a uger, wherein at least a portion ofa data
fed ; os : .

ff link between a mobile information appliance of the user/fand the one or more network servers
Fi “40 : ‘ : oo

a utilizes wireless communication, comprising the steps Of:

(a)—_—receiving a spoken request for desire@ information from the user utilizing the

mobile information appliance of th¢ user;

(b) rendering an interpretationof the/spoken request;

(c) constructing a navigation query based uponthe interpretation;

(d) —_utilizmg the navigation quey to selecta portion ofthe electronic data source; and

(ce) transmitting the selected portion of the electronic data source from the network

serverte-tire-srebie miormraticr-apeliance of thew

VY Bt | oe
fn (New) The method ofclain.17 wherein the step of rendering the interpretation of

the spoken requestis performed at the one or more network servers.

bGf | ye
ar. (New) The method ofclaim_4fwherein the step of rendering the interpretation of

the spoken request is performed by the mobile information appliance. ©

x Bs_ (New) The method ofwiletre comprising the steps ofsoliciting additional
input from the user, including user interaction in a modality different than the original request;
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refining the navigat1on query, based upon the additional input; and using the refined navigation 

query to select a portion of the electronic $ource. 

? ~ (New) The method of clJm/ wherein .the data link includes a cellular telephone 

system. / 

lo~ (New) The method of claim fwherein steps (a)-(d) are performed with respect to 

multiple ,.s. 
~~ /,5¥' 

;,: (New) The method of claim/wherein the mobile information appliance is a 

wireless telephone. J ~ 

·"b ~ x~ 
~ (New) The method of claim/, wherein the mobile information appliance is a 

portable computing device. .g 
-~ ~ 
q Y (New) The method of claim}( wherein the portable computing device is a 

=~ 

5~ __ y_::sonal \.u~tal assistant. 

~~ ~u .· (NtW) A computer progi at11 eml9eclied 011 a Coillputer a<latite medium tor 
1-: .....- ) 
i •.. c based navigation of an electronic data source located at one 
' locat remotely from a user, wherein at least a portion of a data nk between a mobile 
i"l .,,,, 

f., .. 
information appliance of the user and the one or more networ ervers utilizes wireless 

;,,, communication, comprising: 

(a) a code segment that receives a spoken re est for desired information from the 

user utilizing the mobile information pliance of the user; 

(b) a code segment that renders an int retation of the spoken request; 

(c) a code segment that constructs navigation query based upon the interpretation; 

( d) a code segment that utilize e navigation query to select a portion of the 

electronic data source; 

( e) a code segment that t smits the selected portion of the electronic data source 

from the network se er to the mobile information appliance of the user. 
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refining the navigation query, based upon the additional input; and using the refined navigation

query to select a portion of the electronic data source.
My (New) The method of claimiwherein the data ink includes a cellular telephone

system. |
‘o

Be (New) The method of claimJ, wherein steps (a)-(d) are performed with respect to
multiple users.

|eA D8
t (New) The method of claim KAwherein the mobile information applianceis a

wireless telephone. |e
%

\ we (New) The method of claimawherein the mobile information applianceis a
% portable computing device. g

e “ A (New} The method of claimBewherein the portable computing device is a
personal digital assistant. |
 

 
 

’ inputer pr t computer jum

based navigation of an electronic data source located at one Sr more network servers

 
cat% remotely from a user, wherein at least a portion of a data Unk between a mobile

information appliance of the user and the one or more networkAervers utilizes wireless

communication, comprising:PeeLTaha
(a) a code segmentthat receives a spoken request for desired information ftom the

user utilizing the mobile information appliance of the user;

(b) a code segment that renders an intgfpretation of the spoken request;

(c) acode segment that constructsAnavigation query based upon the interpretation;

(d) acode segmentthatutilizesthe navigation query to select a portion of the

electronic data source; 
(e) a code segment that trgnsmits the selected portion of the electronic data source

from the network seyver to the mobile information appliance of the user.
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\0$ 
(New) The computer program of claim;..e( wherein the rendering of the 

interpretation of the spoken request is performed at the one or more network servers. 

lk · \O~ 
\ ~~ (New) The computer program of claim):{( wherein the rendering of the 

interpretation of the spoken request is performed by the mobile information appliance. 

~ \!l~ 
\ '3 ¥. (New) The computer program of claim F, further comprising a code segment that 

solicits additional input from the user, including user interaction in a modality different than the 

original request; a code segment that refines the navigation query, based upon the additional 

input; and a code segment that uses the refined navigation query to select a portion of the 

electronic data source. \ 0 ~ _ 

\ ~ ~ (New) The computer program of claimj.e:wherein the data link includes a 

wireless telephone system. \~ ~ 

\~ ~ (New) The computer program of claim}ef, wherein code segments (a)-(d) are 

executed with respect to multiple users. 

\~ * \D lf 
(New) The computer program of claim JR( wherein the mobile information 

appliance is a wireless telephone. 

'" ..vt.: \0 yr fr (New) The computer program of claimµ{ wherein the mobile information 

appliance is a portable computing device. \ '1 

\ 'b ~ (New) The computer program of claim,Wwherein the po.rtable computing device 

is a personal digital assistant. 

~- ~ A system for speech-based navigation of an electronic data source located 

d-1.'-W at on~ ~ore networks ers located remotely from a user, comprising: 

(a) a mobile information a ·ance operable to receive a spoken request for desired 

information from the user; 

(b) spoken language processing logic, operable ender an interpretation of the 

spoken request; 
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\) 06, 10es
Mm (New) The computer program of claim mewherein the rendering of the

interpretation of the spoken request is performedatgemore network servers.
. \ oA (New) The computer program of claimoewherein the rendering ofthe

i ver interpretation of the spoken request is performed by the mobile information appliance.
\o

\\ \? a (New) The computer program of claim KIfurther comprising a code segment that
solicits additional input from theuser, including userinteraction in a modality different than the

original request; a code segment that refines the navigation query, based upon the additional

input; and a code segment that uses the refined navigation query to select a portion of the

electronic data source.

4 fy
wireless telephone systern.

\0

(New) The computer program of claim6;wherein the data link includes aSe
ata= w
FSA N
#? _Ve (New) The computer program of claimMu wherein code segments (a)-(d) are
het

ft executed with respect to multiple users.

a ae \O
i ee (New) The computer program of claimJeywherein the mobile information
. appliance is a wireless telephone.

HeMpraslsYe °ae(New) The computer program of claim uewherein the mobile information

ina appliance is a portable computing device. \4

a \9 AB (New) The computer program of claimVf,wherein the portable computing device
is a personal digital assistant.

> # A system for speech-based navigation of an electronic data source located
at ong“or more network § ers located remotely from a user, comprising.

 
 

 
 

  
 

(a) amobile information appliance operable to receive a spoken request for desired

information from the user;

(b) spoken language processing logic, operable ender an interpretation of the
spoken request;
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" 

q ry construction logic, operable to construct a navigation query based upon the 

interp tation; 

navigation lo · , operable to select a portion of the electronic data source using 

the navigation que · and 

( e) electronic communications · frastructure for transmitting the selected portion of 

the electronic data source from network server to the mobile information 

appliance of the user, wherein at least ortion of a data link of the electronic 

communications infrastructure between am ile information appliance of the 

user and the one or more network servers utilizes ireless communication. 

\~~ -
(New) The system of claim }i.( wherein the spoken language processing logic 

renders the interpretation of the spoken request at the one or more network servers. 

\~ \'\~ 
"V )-f." (New) The system of claim}ef.7wherein the spoken language processing logic 

renders the interpretation of the spoken request at the mobile information appliance. v* (New) The system of cl~: %urther comprising user interaction logic operable 

to solicit additional input from the user, including user interaction in a modality different than the 

original request; and query refining logic operable to refine the navigation query based upon the 

additional input; wherein the navigation logic users the refmed navigation query to select a 

port~~e electronic data source. \~ 

"l/ ';zt: (New) The system of claim}.:( wherein the data link includes a cellular telephone 

system. . \C\ 
~ 

(New) The system of claimY, wherein the system operates with respect to 

multiple users. \ '\ 

,(, ~ (New) The system of claim~ wherein the mobile information appliance is a 

wireles_s telephone. \'\ .• _,,. 

1'~ . ~· r· (New) The system of claim).¥, wherein the mobile information appliance is a 

portable computing device. 
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WG (c} query constriction logic, operable to construct a navigation query based upon theA interpretation;
(d) 
(e) eiectronic communicationsinfrastructure for transmitting the selected portion of

the electronic data source from network server to the mobile information

appliance ofthe user, wherein at leasfsportion ofa datalink ofthe electronic

communications infrastructure between a mobile information appliance of the

AD user and the one or more networkservers utilizes wireless communication,
A ne

ye (New) The system ofclaim1%;wherein the spoken language processing logic
renders the interpretation of the spoken request at the one or more networkservers.

(New) The system ofclaimawherein the spoken language processing logic
ae renders the interpretation of the spoken request at the mobile information appliance.

a yt \ ,
oa (New) The system ofclaimJ%further comprising user interaction logic operable

to solicit additional input from the user, including user interaction in a modality different than the

ad original request; and query refining logic operable to refine the navigation query based uponthe
isi additional input; wherein the navigation logic users the refined navigation query to select a

ei Oeelectronic data source. 0: \
79 o

vu JS (New) The system of claimyewherein the data link includes a ceilular telephone
system. “ay

An XS . ; . .
“74. (New) The system ofclaim /%, wherein the system operates with respect to

multiple users. \A
$B

2S (New) The system ofclaim1%wherein the mobile information appliance is a
wireless telephone. .

0BC \
v DE (New) The system ofclaim&%wherein the mobile information appliance is a

portable computing device.
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~~ 
(New) The system of clai~ wherein the portable computing device is a 

personal digital assistant. 

·- -·- -. In the event a telephone conversation would expedite the prosecution of this application, 9': 
the Examiner may reach the undersigned at (408) 505-5100. If any fees are due in connection 

with the filing of this paper, then the Commissioner is authorized to charge such fees to Deposit 

Account No. 50-1351 (Order No. SRI1P037B). A duplicate copy of the transmittal is enclosed 

for this purpose. 

P.O. Box 721030 
San Jose, CA 95172 
Telephone: (408) 505-5100 
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a of

Ye 2 i. (New) The system of claim76,wherein the portable computing device is a
personal digita! assistant.

In the event a telephone conversation would expedite the prosecution ofthis application,  
 

 

 
 

the Examiner may reach the undersigned at (408) 505-5100. If any fees are due in connection

with the filing of this paper, then the Commissioneris authorized to charge such fees to Deposit

Account No. 50-1351 (Order No. SRI1P037B). A duplicate copy of the transmittal is enclosed

for this purpose.

mitted,

 8 tio No. 41,429

a|P.O. Box 721030

zg|San Jose, CA 95172
fu Telephone: (408) 505-5100
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Application/Control N. ber: 09/608,872 

Art Unit: 2155 

DETAILED ACTION 

Page I 

This is in response to a letter for patent filed on June 30th, 2000 in which claims 56-82 are 

presented for examination. Claims 56-82 are pending in the letter. 

Double Patenting 

l. A rejection based on double patenting of the "same invention" type finds its support in 
the language of35 U.S.C. 101 which states that "whoever invents or discovers any new and 
useful process ... may obtaing patent therefor ._.. 11 (Emphasis added). Thus, the term "same 
invention, 11 in this context, means an invention drawn to identical subject matter. See Miller v. 
Eagle Mfg. Co., 151 U.S. 186 (1894); In re Ockert, 245 F.2d 467, 114 USPQ 330 (CCPA 1957); 
and Jn re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970). 

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by 
canceling or amending the conflicting claims so they are no longer coextensive in scope. The 
filing of a terminal disclaimer cannot overcome a double patenting rejection based upon 35 
U.S.C. IOI. 

2. Claims 56-82 are provisionally rejected under 35 U.S.C. 101 as claiming the same 

invention as that of claims 56-126 of copending Application No. 09/524,095. Although the 

conflicting claims are not identical, they are not patentably distinct. It would have been obvious 

to one of ordinary skill in the art to observed that the omission of the limitations "soliciting 

additional input from the user, including user interaction in a modality different that the 

original· request and, refining the navigation query, based upon the additional input', of 

applicant claims 56-82 are already in the Co-pending application 09/524,095, as such they are 

obvious variation of the inventive concept defmed in claims 56-126 of the Co-pending 

application 09/524,095. See lo re Karlson, 136USPQ 184 (CCPA 1963). This is a provisional 

double patenting rejection since the conflicting claims have not in fact been patented. 
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3. The following is a quotation of the appropriate paragraphs of35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the United 
St.ates before the invention thereof by the applicant for patent, or on an international application by another who 
has fulfilled the requirements of paragraphs (I), (2), and (4) of section 37l(c) of this title before the invention 
thereof by the applicant for patent 

4. Claims 56-82 are rejected under 35 U.S.C. 102(e) as being anticipated by Levin et al. 

(U.S. Patent No. 6, 173,279). 

5. As per claim 56, Levin et al teach a method for speech-based navigation (information 

server. 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion ofa data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless communication (see abstract, fig 1, 

column 3 lines 5-35), comprising receiving a spoken request (receive a natural language query) 

for desired information from the user (user) utilizing the mobile information appliance (PC, 102) 

of the user; rendering an interpretation (creating a semantic representation) of the spoken 

request, constructing a navigation (generating search) query based upon the interpretation; 

utilizing the navigation query to select a portion of the electronic data source; and transmitting 

the selected portion of the electronic data source from the network server to the mobile 

information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 

1, 10, 22) 
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6. As per claim 57, 58, 62-64, Levin et al teach a method of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig I, column 3 lines 5-35). 

7. As per claim 59, Levin et al teach a method of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, IO, 22). 

8. As per claim 60, Levin et al teach a method wherein the data link includes a cellular 

telephone system (see f1g 1, column 2 line 61-67). 

9. As per claim 61, Levin et al teach a method wherein steps (a)-(d) are performed with 
. 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

10. As per claim 65, Levin et al teach a computer system for speech-based navigation 

(information seiver, 110) of an electronic data source located at one or more network servers 

located remotely from a user, wherein at least a portion of a data link between a mobile 

information appliance of the user and the one or more network servers utilizes wireless 

communication (see abstract, fig 1, column 3 lines 5-35), comprising a code segment receiving a 
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spoken request (receive a natural language query) for desired information from the user (user) 

utilizing the mobile information appliance (PC, 102) of the user; a code segment rendering an 

interpretation (creating a semantic representation) of the spoken request, a oode segment 

constructing a navigation (generating search) query based upon the interpretation; a code 

segment utilizing the navigation query to select a portion of the electronic data source; and a 

code segment transmitting the selected portion of the electronic data source from the network 

seiver to the mobile information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 

line 5, see also claim 1, 10, 22} 

11. As per claim 66, 67, 71-73, Levin et al teach a system of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

12. As per claim 68, Levin et al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, 10, 22). 

13. As per claim 69, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 61-67). 
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14. As per claim 70, Levin et al teach a system wherein steps (a)-(d) are perfonned with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

15. As per .claim 74, Levin et al teach a system for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless communication (see abstract, fig 1, 

column 3 lines 5-35), comprising receiving a spoken request (receive a natural language query) 

for desired information from the user (user) utilizing the mobile information appliance (PC, 102) 

of the user; rendering an interpretation (creating a semantic representation) of the spoken 

request, constructing a navigation (generating search) query based upon the interpretation; 

utilizing the navigation query to select a portion of the electronic data source; and transmitting 

the selected portion of the electronic data source from the network server to the mobile 

information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 

1, 10, 22) 

16. As per claim 75, 76, 80-81, Levin et al teach a method of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

17. As per claim 77, Levin et al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 
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navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, IO, 22). 

18. As per claim 78, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig l, column 2 line 61-67). 

19. As per claim 79, Levin et al teach a system wherein steps (a)-( d) are petformed with 

respect to multiple users (see abstract, fig I, column 3 lines 5-35). 

Conclusion 

20. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. (6, 192,338). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Finnin Backer whose telephone number is 703-305-0624. The 

examiner can normally be reached on Mon-Thu 8:30-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sheikh Ayaz can be reached on 703-305-9648. The fax phone numbers for the 

organization where this application or proceeding is assigned are 703-305-3718 for regular 

communications and 703-305-5352 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the receptionist whose telephone number is 703-305-3900. 

~. ',_,,.}"---.. 
in Backtfr 

Apnl 9, 2o61 . ~ 
SUPERl'SDiW p;JE1H EXAMINER 

TECHNOLOGY CENTER 2100 
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Thereby appoint: C. Douglas McDonald (Reg. No. 26,659)

whose post office address is

Carlton Fields, P.A.
P.O. Box 3239

Tampa, Florida 33601-3239

as my associate attorney in the above-entitled application, toprosecute this application, to make
alterations and amendments therein, andto transact all-business in the Patent and Trademark

MLics > connected therewith. 

Please continue to address all future communicationsto

Carlton Fields, LLP
P. O. Box 721030

San Jose, CA 95172-1030

 
Respectfully sw6mi

?

Date: ACV qo0

San Jose, CA 95172-1030
Telephone: (408) 271-2300
Fax: (408) 275-9579

TPAW1680358.01

DISH, Exh. 1004, p. 90

Petitioner Microsoft Corporation - Ex. 1008, p. 790
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~ f, IN THE UNITED SThTES PATENT AND TRADEMARK OFFICE 
~ ~ 
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APPLICATION NO.: 
INVENTOR: 

09/608,872 
Halverson, Christine 

TITLE: MOBILE NAVIGATION OF NETWORK-BASED 
ELECTRONIC INFORMATIONUSING SPOKEN INPUT 

FILING DATE: 6/30/00 
ATTORNEY DOCKET NO. SRI1P037B 

NOTICE OF CHANGE OF 
CORRESPONDENCE ADDRESS 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

Please change the correspondence address relating to the above-identified application as 

follows: 

C. Douglas McDonald, Esq. 
Carlton Fields, et al. 
P.O. Box 3239 
Tampa, FL 33601-3239 

Date: May 10, 2001 

TPA#l524975.01 

Respectfully submitted, 

~?.~»t2~ 
Reg. No. 26,659 
CARL TON FIELDS, P.A. 
P.O. Box 3239 
Tampa, FL 33601-3239 
(813) 223-7000 
Attorney of Record 

DISH, Exh. 1004, p. 91

Petitioner Microsoft Corporation - Ex. 1008, p. 791
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

 

09/608,872
INVENTOR: _ Halverson, Christine
TITLE: MOBILE NAVIGATION OF NETWORK-BASED

ELECTRONIC INFORMATIONUSING SPOKEN INPUT

FILING DATE: 6/30/00 a 1
ATTORNEY DOCKET NO. SRIIP037B 3 = m7

EO
a> om
¢41<s

NOTICE OF CHANGE OF a 3 5
CORRESPONDENCE ADDRESS nT

S
Assistant Commissioner for Patents

Washington, DC 20231

Sir:

Please change the correspondence addressrelating to the above-identified application as

follows:

C. Douglas McDonald , Esq.
Carlton Fields,et al.

- P.O. Box 3239

Tampa, FL 33601-3239

Respectfully submitted,

Date: May 10, 2001  
Reg, No. 26,659
CARLTON FIELDS, P.A.
P.O. Box 3239

Tampa, FL 33601-3239
(813) 223-7000
Attomey of Record

TP A#IS24975.91
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~ENT OF COMMERCE 
Under tl19 Pa rwolk Re<lui:tion Act ol 1005, no n$ 81'9 ro uired lo ros olld lo a oollat1ion ol information unle$~ il dis .. .,arod OM3 cmlrol rJJmblll-

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
Docket umber (Optional) 
SRI 1P037B 

0\P In re Application of HALVERSON, et al 

Application Number 09/608,872 Filed June 30, 2000 

For Mobile Navigation of Network-Based Electronic Information 
Using Spoken Input 

Group Art Unit 
2155 

Examiner 
F. Backer 

This Is a request under the provisions of 37 CFR 1 .136(a) to extend the period for filing a 

response in the above identified application. 

The tequested extension and appropriate non-smaK-en\ity fee are as fol\O'W'S 
(check time period desired): 

0 One month (37 CFR 1.17(a)(1)) 

18] Two months (37 CFR 1.17(a)(2)) 

0 Three months (37 CFR 1.17(a)(3)) 

D Four months (37 CFR 1.17(a)(4)) 

D Flve months (37CFR1.17(a)(5)) 

$ 

$390.00 

$ 

$ 

$ 

18] Applicant dalms small entity status. See 37 CFR 1.27. Therefore, the fee amount shown 

181 
D 
D 

above is reduced by one-half, and the resutting fee is:$ 195.00 . 
A dleck in the amount of the fee is enclosed. 

Payment by credit care!. Form PT0-2038 is attached. 

The Commissioner has already been authorized to charge fees in this 

applicatlon to a Deposit Account. 

18] The Commissioner is hereby authorized to dlarge any fees Which may be required, 

or credit any overpayment, to Deposit Account Number 20-0782 . 

I have enclosed a duplicate copy of this sheet. 

I am the D applicant/inventor. 

D assignee of record of the entire interest. See 37 CFR 3.71 

Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

18] attorney or agent of record. 

0 attorney or agent under 37 CFR 1.34(a). 

Registration number if acting under 37 CFR 1.34(a). __ . 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card Information and authorization on PT0·2038. 

September 19, 2001 

Date Slgnatu 

09/25/2001 l'IWOlDE 1 0000()1)30 09&08&72 

01 FCo11£ 195.00 OP 

KIN-WAH TONG, Reg. No. 39,400 

Typed or printed name 

NOTE: Signa\<Jles :il a\\ tl\e m~rit:i~ m assignees of ~oord of tlle oal\l(re in\erQstor ttla«" fE.P<esanlatl~s) are required. Submit multiple 
forms If more than one signature is required, see below". 

"Total of forms are submitted. 
Burdsn Hour statement: Thi$ form is e$\~ated to take 0.1 hOul"$ to complets. Trms will vary depending upon tho needs of the indJvklual case. Af'I 
COl'Mlllnts on the amount ofijme you are required to CO!\lllete this lonn sl"IO\Jld be sent to 1he CMef lnlormaUon Ofllcer. U.S. Patent and Trademark 
Office, Washington. DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for 
Patents, Washington, DC 20231. 

DISH, Exh. 1004, p. 92

Petitioner Microsoft Corporation - Ex. 1008, p. 792

U.S. Patent and TrademarkOffice:U.S. DEF—AENT OF COMMERCE
Under the Paperwork Reduction Act of 1995,no persons are required to respond lo 4 collection of information unless it display. ald OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) SEOse (OptionalSRI 1P037B 4D

In re Application of HALVERSON,ej al io
Application Number 09/608,872 Filed June 30, 2000 tors
For Mobile Navigation of Network-Based Electronic Information
Using Spoken Input

Group Art Unit Examiner
2155 F. Backer

uest under ihe provisions of 37 CFR 1.136(a} 10 extend the period for filing a
response in the above identified application.

 
This fs a req

The requesied extension and appropriate non-small-ontity fee are as follows
{check time period desired):

1 One month (37 CFR 1.17(a(4)) $

Ed Two months (37 CFR 1.17(a}(2)) $390.00

[1 Three months (37 CFR 1.17(2)(3) $

[J Four months (37 CFR 1.17(a)(4)) $

LO sFive months (37 CFR 1.17¢a)(5)) $

EJ Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown
above is reduced by one-half, and the resulting fee is: § 195.00 .

B= A check in the amountofthe fee is enclosed. o iy
1_~sPaymentby credit card. Form PTO-2038is attached. 3 oes rT
[J=‘The Commissionerhas already been authorized to charge feesin this a -~

application to a Deposit Account. S ~é
& The Commissioneris hereby authorized to charge any fees which may be required, @

or credit any overpayment, to Deposit Account Number 20-0782. é 2 oe
[have enclosed a duplicate copy of this sheet. nO

| am the LJ applicanvinventer. 2
LU assigneeof record ofthe entire interest. See 37 CFR 3.71

Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

TB attomey or agent of record,

[1] attomey or agent under 37 CFR 1.34(a}-
Registration numberif acting under 37 CFR 1.24(a).

 

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

ts L——
September 19, 2001 « ;

Date Signaturé=———\,

09/25/2001 NWOLDER 90000030 09608872 KIN.WAH TONG, Reg. No. 38,400
Ol Foret 195.00 OP Typed orprinted name

NOTE: Signatures of all the inventors or assignees ¢f record of the entire interest or thelr representatives} are required, Submit multiple
forms #f mora than one signature is required, see below*.

Tj} *Totalof__ forms are submitted.

Burden Hour Statement: This formis estimatedte take 0.1 hours to complete. Time will yary depending upon the needs of the individual cage. Any
comments on the amount of fime you are required to complete this form should pe sent ta ihe Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DC NCT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Cammissioner for
Patents, Washington, OC 20291,

DISH, Exh. 1004, p. 92

Petitioner Microsoft Corporation - Ex. 1008, p. 792



OIP~ 

IN THE UNITED ST ATES 
PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION 

Applicant(s): HALVERSON, et al. 

" 
Serial No.: 09/608,872 

Filed: June 30, 2000 

Atty. Docket No. SRI IP037B 

Group Art Unit: 2155 

Examiner: F. Backer 

Title: MOBILE NAVIGATION OF NETWORK-BASED 
ELECTRONIC INFORMATION USING SPOKEN INPUT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 
REVOCATION OF PREVIOUS POWER 

OF ATTORNEY AND NEW APPOINTMENT 

SRI/4116-6 

The undersigned assignee of the above-identified application hereby revokes all previous 

Powers of Attorney and appoints the following attorneys with full power to prosecute the 

application, to make alterations and amendments therein, and to transact all business in the 

United States Patent and Trademark Office connected therewith and with full power of 

substitution and revocation: 

Raymond R. Moser, Jr.; Reg. No. 34,682; Kin-Wah Tong, Reg. No. 39,400; 
Robert Brush, Reg. No. 45,710; Steven Weiner, Reg. No. 38,360; and EdwardE. 
Davis, Reg. No. 35,I 12. 

CHANGE OF CORRESPONDENCE ADDRESS 

Please change the correspondence address for the above-identified application to: 

Thomason, Moser & Patterson, LLP 
595 Shrewsbury A venue - Suite 100 
Shrewsbury, New Jersey 07702 

Please direct all telephone calls to: Kin-Wah Tong, telephone# (732) 530-9404 

DISH, Exh. 1004, p. 93

Petitioner Microsoft Corporation - Ex. 1008, p. 793

SRI/4116-6

 | ac

IN THE UNITED STATES Aol
TENT AND TRADEMARK OFFICE \o7

PATENT APPLICATION

Applicant(s): HALVERSON, et al. Atty. Docket No. SRI 1P037B —
Serial No.:—09/608,872 . Group Art Unit: 2155

Filed: June 30, 2000 Examiner: F. Backer

Title: MOBILE NAVIGATION OF NETWORK-BASED

ELECTRONIC INFORMATION USING SPOKEN INPUT 4
44%
A To MN

Assistant Commissioner for Patents % 7
Washington, D.C. 20231 &

. ee,

" REVOCATION OF PREVIOUS POWER 3
OF ATTORNEY AND NEW APPOINTMENT ©

The undersigned assignee of the above-identified apphcation hereby revokesall previous

Powers of Attomey and appoints the following attorneys with full power to prosecute the

application, to make alterations and amendments therein, and to transactall business in the

United States Patent and Trademark Office connected therewith and with full power of

substitution and revocation: ©

Raymond R. Moser,Jr.; Reg. No. 34,682; Kin-Wah Tong,Reg. No. 39,400;
Robert Brush, Reg. No. 45,710; Steven Weiner, Reg. No. 38,360; and Edward E.
Davis, Reg. No. 35,112.

CHANGE OF CORRESPONDENCE ADDRESS

Please change the correspondence address for the above-identified application to:
Thomason, Moser & Patterson, LLP

595 Shrewsbury Avenue — Suite 100
Shrewsbury, New Jersey 07702

Please direct all telephone calls to: Kin-Wah Tong, telephone # (732) 530-9404

DISH, Exh. 1004, p. 93

Petitioner Microsoft Corporation - Ex. 1008, p. 793



SRJ/4116-6 

CERTIFICATE UNDER 37 C.F.R. § 3.73(B) 

RI International, a corporation of the State of California, certifies that it is the assignee 

e entire right, title and interest in the patent application identified above by virtue of: 

An Assignment from the inventor(s) of the parent patent application that is claimed as 

priority in the above-identified patent application. The Assignment was recorded in the United 

States Patent and Trademark Office, for which a copy thereof is attached. 

The undersigned (whose title is supplied below) is empowered to act on behalf of the 

assignee. 

Date 7 /i1 /o/ 
I I 

SRI International 
333 Ravenswood A venue 
Menlo Park, CA 94025 
Telephone No.: 650-859-3115 

DISH, Exh. 1004, p. 94

Petitioner Microsoft Corporation - Ex. 1008, p. 794

SRI/4116-6

CERTIFICATE UNDER37 C.E.R. § 3.73(B) 
An Assignment from the inventor(s) of the parent patent application that is claimed as

priority in the above-identified patent application. The Assignment was recorded in the United

States Patent and Trademark Office, for which a copy thereof is attached.

The undersigned (whose title is supplied below) is empowered to act on behalf of the

assignee.

Respectfully submitted,

owe9 Ay fob a
STB FER LDPEKIER, VI LRRS (DAERLTH

SRI International

333 Ravenswood Avenue

Menlo Park, CA 94025

Telephone No.: 650-859-3115

DISH, Exh. 1004, p. 94

Petitioner Microsoft Corporation - Ex. 1008, p. 794



ASSIGNME;,,r OF PATENT APPLICATIO. 
(Not Accompanying Application) 

Whereas Uwe the undersigned inventor(s) have invented certl.in new and useful 
improvements as set forth in the patent application entitled: 

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

for which I/we have executed an application for a United States Letters Patent which was filed in 
the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No. 
091524,095. 

For good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, Uwe the undersigned inventor(s) hereby: ·· 

1) Sell(s), assign(s) and transfer(s) to SRI International, a California non-profit corporation 
having a place of business at 333 RavenswOOd Avenue, Merilo Par California 94025, (hereinafter 
referred to as°' ASSIGNEE" • e entire n t ti e an mterest rn any an . lDlprovements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted 
upon the information which is disclosed in the above referenced application. 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense, 
perform any acts which are reasonably necessary in connection with the prosecution of said 
application, as well as any derivative and applications thereof, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. 

4) Agree that the tenns, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the 
inventor(s), as well as the inventor's heirs, legal representatives and assigns. 

5) Warrant and represent that 'I/we have not entered, and will not enter into any assignment, 
contract,. or understanding that conflicts with this assignment ,-

Signed on the date(s) indicated beside my (our) signature(s). 

1) 

2) 

3) 

4) 

Signature: //~;.,/..:~ 
Typed Name: ~;i 

Signarure: 
Typed Name: Luc Julia 

Signature; 
Typed Name: 

Signature: 
Typed Name: 

= 

Attnv nnr.lrP:tN(I ~Rf1P017 

Date: (p ·lf1rt70 · 

Date: 

Date: 6 // G /oo 

Date: 6 /z.zjw 

DISH, Exh. 1004, p. 95

Petitioner Microsoft Corporation - Ex. 1008, p. 795

ASSIGNME.wT OF PATENT APPLICATIO.

(Not Accompanying Application)

Whereas I/we the undersigned iventor(s) have invented certain new and useful
improvements as set forth in the patent application entitled:

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK

for which I/we have executed an application for a United States Letters Patent which was filed in
_ the U.S. Patent and Trademark Office on_March 13, 2000, and which bears the Application No.

09/524,095.

For good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, L/we the undersigned inventor(s) hereby: *

1) Sell(s), assign(s) and transfer(s) to SRI International, a California non-profit corporation
having a place of business at 333 Ravenswood Avenue, Menlo Park, California 94025, (hereinafter
referred to as “ ASSIGNEE”), the entire right title and interest in any andall improvements and
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted
upon the information whichis disclosed in the above referenced application.

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents

resulting from said application or any division(s), continvation(s), Substitutes(s) or reissue(s)thereof to the ASSIGNEE.

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE’s expense,
perform any acts which are reasonably necessary in connection with the prosecution of said
application, as well as any derivative and applications thereof, foreign applications based thereon,
and/or the enforcement ofpatents resulting from such applications.

4) Agree that the terms, covenants and conditions of this assignment shal! inure to the benefit
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the
inventor(s), as well as the inventor’s heirs, legal representatives and assigns.

3) Warrant and represent that Ive have not entered, and will not enter intoany assignment,
contract, or understanding that conflicts with this assignment.

Signed on the date(s) indicated beside my (our) signature(s).

1} Signature: /VigerAdalutthor Date: @-/6-00-
Typed Name:=Christine Halverson

2} Signature: Date:
Typed Name: Luc Julia

3) Signature: LashBececcee Date: G6 / 1/6 /eoTyped Name: Dimitris "Voutsas

4) Signature:  _| di. f __{ dey Date: 6/22Je0
Typed Name: Adam Cheyel ;

Atiny Dincket Noa SRI POY?

DISH, Exh. 1004, p. 95

Petitioner Microsoft Corporation - Ex. 1008, p. 795



ASSIGNMl-.f OF PATENT APPLICATIO 
(Not Accompanying Application) 

Whereas Uwe the undersigned inventor(s) have invented certain new and useful 
improvements as set forth in the patent application entitled: 

NA VIG A TING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT Wim MUL TIMODAL ERROR FEEDBACK 

for which I/we have executed an application for a United States Letters Patent which was filed in 
. the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No. 

09/524,095. 

For good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, I/we the undersigned inventor(s) hereby: '· 

l) Sell(s), assign(s) and transfer(s) to SRI International, a California non-profit corporation 
having a place of business at 333 Ravenswood Avenue, MCDlo Park, California 9402.5, (hereinafter 
referred to as "ASSIGNEE"), the entire right title and interest in any and all improvements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted 
upon the inform"-tion which is disclosed in the above referenced application. 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resultiog from said application or any division(s), continoation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense; 
perform any acts which are reasonably necessary in connection with the prosecution of said 
application. as well as any derivative and applications thereof, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. 

4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the 
inventor(s), as well as the inventor's heirs, legal representatives and assigns. 

5) Warrant and represent that I/we have not entered, and will not enter into any assignment, 
contract, or understanding that conflicts with this assignment. 

Signed on the date(s) indicated beside my (our) signature(s). 

I) Signature: ~ 
Typed Name: ChriStil1eHaieJOO 

Date: (p-f(p·/Jo. 

2) Signature: 
Luo Ju~ Date: G·2.o.oo 

Typed Name: 

3) Signature: ~ Date: 6116 loo 
Typed Name: 

4) Signature: Date: 
Typed Name: Adam Cheyer 

Attny Docket No. SRIIP037 

DISH, Exh. 1004, p. 96

Petitioner Microsoft Corporation - Ex. 1008, p. 796

ASSIGNME...f OF PATENT APPLICATIO
(Not Accompanying Application)

Whereas [/we the undersigned inventor(s) have invented certain new and useful
improvements as set forth in the patent application entitled:

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK

for which I/we have executed an application for a United States Letters Patent which was filed in
. the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No.

09/524,095.

For good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, I/we the undersigned inventor(s) hereby: .

1} Sell(s)}, assign(s) and transfer(s) to SRI International, a California non-profit corporation
having a place of business at 333 Ravenswood Avenue, Ménlo Park, California 94025, (hereinafter
referred to as “ ASSIGNEE”), the entire right title and interest in any an improvements and
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted
upon the information which is disclosed in the above referenced application.

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s)
thereof to the ASSIGNEE.

3) Agree to execute all papers and documents and, entirely at the ASSIGNER’s expense,
perform any acts which are reasonably necessary in connection with the prosecution of said
application, as well as any derivative and applications thereof, foreign applications based thereon,
and/or the enforcement ofpatents resulting from such applications.

4) Agree that the terms, covenants and conditions ofthis assignmentshall inure to the benefit
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the
inventor(s), a5 well as the inventor’s heirs, legal representatives and assigns.

5) Warrant and represent that I/we have not entered, and will not enter intoany assignment,
contract, or understanding that conflicts with this assignment.

Signed on the date(s) indicated beside my Cour) signature(s).

1) Signature:edithAilautcra—_ Date: 6-/6-00-
Typed Name: Christine Halverson .

2) Signature: Date. 6-20.00
Typed Name: Luc Julia

Date: & [16 (Ce? 3) Signature:
Typed Name:

4) Signature: Date:
Typed Name: Adam Cheyer

Attny Docket No. SRI1P037

DISH, Exh. 1004, p. 96

Petitioner Microsoft Corporation - Ex. 1008, p. 796



ASSIGNMENT OF PATENT APPLICATIO,. 
(Not Accompanying Application) 

Whereas I/we the undersigned inventor(s) have invented certain new and useful 
improvements as set forth in the patent application entitled: 

NA VI GATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

for which I/we have executed an application for a United States Letters Patent which was filed in 
the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No. 
091524,095. 

For good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, llwe the undersigned inventor(s) hereby: 

I) Sell(s), assign(s) and transfer(s) to SRI Internationa~ a California non-profit corporation 
having a place of business at 333 Ravenswood A venue, Menlo Par California 94025, (hereinafter 
referred to as "ASSIGNEE'' • e entire n t ti: e interest m any an nnprovements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted 
upon the information which is disclosed in the above referenced application. 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense, 
perform any acts which are reasonably necessary in connection with the prosecution of said 
application, as well as any derivative ~d applications th~of, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. · 

4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be bin.ding upon the 
inventor(s), as well as the inventor's heirs. legal representatives and assigns. 

5) Warrant and represent that llwe have not entered, and will not enter into. any assignment, 
contract, or understanding that conflicts with this assignment. 

Signed on the date(s) indicated beside my (our) signature(s). 

!) 

2) 

3) 

4) 

Signature: /f&,,;,,t_ ;~ 
TypedName: ~-On 

Signature: 
Typed Name: Luc Julia 

signature: o~iZfii?f:;ff- .. - ' 
Typed Name: 

Signature: 
Typed Name: Adam Cheyer 

Date: h ·fh· PO· 

Date: 

Date: 6 f IG /oo 

Date: 

DISH, Exh. 1004, p. 97
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ASSIGNMENT OF PATENT APPLICATIO..
(Not Accompanying Application)

Whereas I/we the undersigned inventor(s) have invented certain new and useful
improvements as set forth in the patent application entitled:

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK

for which I/we have executed an application for a United States Letters Patent which was filed in
the U.S. Patent and Trademark Office on_March 13, 2000, and which bears the Application No.
09/524,095.

For good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, I/we the undersigned inventor(s) hereby:

 

1) Sell(s), assign(s) and transfer(s) to SRI International, a California non-profit corporation
having 4 place of business at 333 Ravenswood Avenue, Menlo Park, California 94025, (heremafter
referred to as “ ASSIGNEE”), the entire nght ttle interest im any an improvements and
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted
upon the information which is disclosed in the above referenced application.

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s)
thereof to the ASSIGNEE.
3} Agree to execute all papers and documents and, entirely at the ASSIGNEE’s expense,
perform any acts which are reasonably necessary in connection with the prosecution of said
application, as well as any derivative and applications thereof, foreign applications based thereon,and/or the enforcementof patents resulting from such applications,
4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the
inventor(s), as well as the iventor’s heirs, legal representatives and assigns.

5) Warrant and represent that I/we have not entered, and will not enter into any assignment,
contract, or understanding that conflicts with this assignment.

Signed on the date(s) indicated beside my (our) signature(s).

1) Signature: LeithAblaletenar Date: O-lO-00.
Typed Name: Christine Halverson ,

2) Signature: Date:
Typed Name: Luc Julia

3) Signature: | Date: 6 {lg foo
Typed Name: Distt outsas

4) Signature:a Date:
Typed Name: Adam Cheyer

Aan. THe WIR KTR ODT
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION 

Applicant: Halverson et al. 

Case: SRl1 P037B 

Serial No.: 09/608,872 Filed: June 30, 2000 

Group Art Unit: 2155 

Examiner: Firmin Backer 

Title: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION 
USING SPOKEN INPUT 

ASSISTANT COMMISSIONER FOR PATENTS 
Box Non-Fee Amendment 
Washington, D. C. 20231 

SIR: 

RESPONSE UNDER 37 C.F.R. § 1.111 

This response addresses the Office Action dated April 24, 2001 (Paper No. 10). 

REMARKS 

In view of the following discussion, the Applicants submit that none of the claims 

now pending in the application are anticipated under the provisions of 35 U.S.C. § 102. 

Thus, the Applicants believe that all of these claims are now in allowable form. 

I. REJECTION OF CLAIMS 56-82 UNDER DOUBLE PATENTING 

The Examiner provisionally rejected claims 56-82 in Paragraphs 1-2 of the Offioe 

Action based on statutory type double patenting under 35 U.S.C. § 101 as claiming the 

same invention as that of claims 56-126 of copending Application No. 09/524,095. 

Applicants respectfully traverse the rejection. 

First, the Examiner noted that "it would have been obvious to one of ordinary skill 

in the art to observe that the omission of the limitations 'soliciting additional input 
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1. REJECTION OF CLAIMS 56-82 UNDER DOUBLE PATENTING
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Action based on statutory type double patenting under 35 U.S.C. § 101 as claiming the
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from the user, including user interaction in a modality different tha[n] the original 

request and, refining the navigation query, based upon the additional input'. After 

noting the differences between the scope of the claims between the two applications, 

the Examiner then concluded that claims 56-82 "are obvious variation of the inventive 

concept defined in claims 56-126 of co-pending application 09/524,095". 

Applicants direct the Examiner's attention to the fact that there are two types of 

double patenting rejections: "statutory" and "non-statutory (obviousness-type)". MPEP 

804 states that "[i]n determining whether a statutory basis for a double patenting 

rejection exists, the question to be asked is: Is the same invention being claimed 

twice?" "A reliable lest for double patenting under 35 U.S.C. 101 is whether a claim in 

the application could be literally infringed without literally infringing a corresponding 

claim in the patent". Given the substantial differences between the claims of the two 

applications as noted by the Examiner, Applicants respectfully submit that applying the 

statutory double patenting test as promoted in the MPEP would not produce a statutory 

double patenting rejection in the present application. As such, Applicants submit that 

the present statutory double patenting rejection against claims 56-82 is inappropriate. 

Second, ii should be noted that the present application is a continuation of the 

co-pending application 09/524,095. As such, if and when these two applications 

mature into issued patents, both patents will have the same term. Thus, given the 

differences between the scope of the claims of both applications and the fact that both 

applications will expire at the same time (if issued), Applicants respectfully submit that 

statutory double patenting rejection against claims 56-82 is inappropriate. 

II. REJECTION OF CLAIMS 56-82 UNDER 35 U.S.C. § 102 

The Examiner has rejected claims 56-82 in Paragraphs 4-19 of the Office Action 

as being anticipated by the Levin el al. patent (US Patent 6, 173,279 issued January 9, 

2001, hereinafter referred to as Levin). The rejection is respectfully traversed. 

Levin teaches "a method of using al least one natural language query lo retrieve 

information from one or more data resources and further performing a requested action 

using the retrieved infonnalion is disclosed". (See Levin, Column 2, lines 15-18) 

2 

DISH, Exh. 1004, p. 99

Petitioner Microsoft Corporation - Ex. 1008, p. 799



09/608,872 

Namely, Levin teaches a method for using natural language query to obtain information, 

where upon receipt of the requested information, a desired action is executed based 

upon the requested information. To illustrate, Levin provides the example, where a 

user employs natural language to request the telephone number of a restaurant. Upon 

receipt of the telephone number, the telephone number is actually dialed for the user. 

(See Levin, Column 3 line 62 to Column 4, line 1) 

In contrast, Levin fails to teach or suggest the novel concept of speech-based 

navigation where the method receives spoken request for desired information from the 

user utilizing the mobile information appliance of the user and where. in turn. the 

selected electronic data source from the network server is transmitted to the mobile 

information appliance of the user. Specifically, Applicants' independent claims 56, 65 

and 74 positively recite: 

56. A method for speech-based navigation of an electronic data source 
located at one or more network servers located remotely from a user, wherein at 
least a portion of a data link between a mobile infonmation appliance of the user 
and the one or more network servers utilize wireless communication, comprising 
the steps of: 

(a) receiving a spoken request for desired information from the user 
utilizing the mobile information appliance of the user; 

(b) rendering an interpretation of the spoken request; 
(c) constructing a navigation query based upon the interpretation; 
(d)utilizing the navigation query to select a portion of the electronic data 

source: and 
(e) transmitting the selected portion of the electronic data source from the 

network server to the mobile infonmation appliance of the user. (emphasis 
added) 

65. A computer program embodied on a computer readable medium for 
speech~based navigation of an electronic data source located at one or more 
network servers located remotely from a user, wherein at least a portion of a 
data link between a mobile information appliance of the user and the one or 
more network se1Vers utilizes wireless communication, comprising: 

(a) a code segment that receives a spoken request for desired 
information from the user utilizing the mobile iriformation appliance 
of the user; 

(b) a code segment that renders an interpretation of the spoken 
request. 

(c) a code segment that constructs a navigation query based upon the 
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interpretation; 
(d) a code segment that utilizes the navigation query to select a portion 

of the electronic data source; and 
(e) a code segment that transmits the selected portion of the electronic 

data source from the network server to the mobile information appliance of the 
user. (emphasis added) 

74. A system for speech-based navigation of an electronic data source 
located at one or more network servers located remotely from a user, 
comprising: 

(a) 

(b) 

(c) 

(d) 

a mobile information appliance operable to receive a spoken 
request for desired information from the user; 
spoken language processing logic, operable to render an 
interpretation of the spoken request; 
query construction logic, operable to construct a navigation query 
based upon the interpretation; 
navigation logic, operable to select a portioc of the electronic data 
source using the navigation query, and 

(e) electronic communications infrastructure for transmitting the 
selected portion of the electronic data source from the network server to the 
mobile information appliance of the user, wherein at least a portion of a data link 
of the electronic communications infrastructure between a mobile infonnation 
appliance of the user and the one or more network servers utilizes wireless 
communication. (emphasis added) 

Applicants' invention teaches a novel method and apparatus for speech-based 

navigation- where the method receives spoken request for desired information from the 

user utilizing the mobile information appliance of the user and where. in tum. the 

selected electronic data source from the network server is transmitted to the mobile 

information appliance of the user. Specifically, Applicants address the criticality of 

providing speech-based navigation via a mobile, i.e., wireless communication, approach 

in addition to spoken natural language. It has been noted that with the proliferation of 

various mobile appliances, it would be advantageous to allow these mobile appliances 

to access the same vastness of electronic data sources that are available to hard-wired 

appliances like a desktop computer. However, the very essence of a mobile appliance 

is its portability, small size and ease of use. As such, unlike hard-wired appliances, 

mobile appliances are not equipped with large bulky input devices. In fact, even if the 

mobile appliance is equipped with extensive input devices, most users would still find 
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these "shrunken" input devices to be cumbersome and difficult to use, e.g., an 

electronic representation of a keyboard on a PDA and the like. 

To further exacerbate the problem, obtaining information from an electronic data 

source may require extensive and complex interaction between the user's mobile 

appliance and the system holding the electronic data source. Thus, the limited or 

cumbersome input/output capability of a mobile appliance presents a substantial barrier 

to its ability to access a data resource that requires extensive and complex interaction. 

To address this criticality, Applicants disclose a speech-based navigation method 

that is deployed in conjunction with mobile appliances. To illustrate, the user can 

request via a mobile appliance, e.g., a cellular telephone, all the names of a particular 

ethnic restaurant on a particular street. Clearly, this request is rather complex given the 

limited input capability (generally a numeric keypad) of a cellular phone. Without 

additional input devices, this complex request may require numerous interactions 

between the user and a remote data resource, e.g., long repeated sequences of 

presenting a menu, scrolling within the menu and selecting the desired information 

within the menu and so on for the next menu and beyond. Such tedium discourages a 

user from attempting to acquire complex information via mobile appliances. 

In contrast, Applicants' invention allows the complex request to be received as a 

spoken request directly via the user's mobile information appliance, thereby 

substantially reducing the amount of interaction of the user with the remote data 

resource. The present method will interpret and construct a navigation query that is 

utilized to obtain the selected data. For example, if the navigation query produces three 

possible results, then the results can be simply transmitted to the user via a menu on 

the screen of the mobile appliance. 

In contrast, Levin teaches that "[u]sing a personal computer (PC) 102, a user 

establishes a connection with packet network 108 via an access server 106". Levin 

then states that "[t]he user may also use a telephone 103 to connect to the packet 

network 108" and that "[t]ypically a modem connection (not shown) may be used to 

connect the PC 102 to the packet 108 in a conventional manner'. (emphasis added) 

(See Levin, Column 3, lines 5-10). Additionally, Levin states that "[t]he PC 102 dials 
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into an access server 106 that is connected to the Internet or other database service via 

a logical network interface (not shown)" and that "[t]he logical network interface may be 

a local area network (LAN), a Serial Line Internet Protocol (SLIP) connection over a 

modem, an ISDN port or via a connection to a special LAN such as an ATM LAN or a 

LAN that offers bandwidth reservation". (See Levin, Column 4, lines 23-29) It is 

respectfully submitted that none of Levin's statements provides any specific teaching as 

to mobile appliances or wireless communication. In fact, terms such as "modem 

connection" and "ISDN port" are typically associated with hard-wired appliances. Thus, 

Levin does not teach or disclose a method that receives spoken request for desired 

infomlation from the user utilizing the mobile information appliance of the user and 

where, in turn. the selected electronic data source from the network server is 

transmitted to the mobile information appliance of the user. Namely, the scope of 

Applicants' claims is specifically directed to speech-based navigation via mobile 

information appliances. This novel concept is not disclosed by the Levin reference and 

Applicants' claims would not read on the Levin reference. 

Therefore, the Applicants respectfully submit that independent claims 56, 65 and 

74 are not anticipated by the Levin reference. As such, claims 56, 65 and 74 fully 

satisfy the requirements of 35 U.S.C. §t 02 and are patentable thereunder. 

Claims 57-64, 66-73 and 75-82 depend, either directly or indirectly, from claims 

56, 65 and 7 4 and recite additional features therefor. Since Levin fails to anticipate 

Applicants' invention as recited in Applicants' independent claims 56, 65 and 7 4, 

dependent claims 57-64, 66-73 and 75-82 are also not anticipated under 35 U.S.C. § 

102 and are allowable for the same reason noted above. 

Conclusion 

Thus, the Applicants submit that all of these claims now fully satisfy the 

requirements of 35 U.S.C. §102. Consequently, the Applicants believe that all these 

claims are presently in condition for allowance. Accordingly, both reconsideration of 

this application and its swift passage to issue are earnestly solicited. 
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If, however, the Examiner believes that there are any unresolved issues requiring 

the issuance of a final action in any of the claims now pending in the application, it is 

requested that the Examiner telephone Mr. Kin-Wah Tong. Esq. at (732) 530-9404 so 

that appropriate arrangements can be made for resolving such issues as expedttiously 

as possible. 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
First Floor, 
Shrewsbury, New Jersey 07702 
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A·j'.lplication No. 

091608,872 

Applfcant(s) 

HALVERSEN ET AL. 

Office Action Summary 
Examiner Art Unit 

Firmin Backer 2155 

-- The MA/UNG DATE of this communication appears on the covarsheet with tha corraspondenca address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the proltsions of37 CFR 1.136 (a) In no event, however, may a reply be Umefyfiled 

atwr SIX (6) MONTHS from the mailing date of this oornmunlcatkin. 
- If the period for reply spE1Cif1ed above Is less than thlrt)' {30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for repfy rs specffled above, 11le maximum 11tatutory period will Qpply and will expire SIX (6) MONTHS from the rna~lng date cf this ccmmunlcatlon. 
- FeHure to replyWilhln the set or extended period for reply wlll, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
- Any reply received by the Office later lllan three months afler the mailing date of this C<lmmunlclition. even if timely filed, may reduce any 

eeme<l patent term adjustment. See 37 CFR 1.704(b). 

Status 

Responsive to communjcation(s) filed on 26 SM/ember 2001 . 

This action is FINAL. 2b)0 This action is non-final. 

1)1Sl 

2a)ISJ 

3)0 Since this application is in condition for allowance except for fonnal matters, prosecution as to the merits is 
closed In accordance with the practice under ex parle Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)12] Claim(s) 56-82 is/are pending in the application. 

4a) Of the above clalm(s) __ is/are withdrawn from consideration. 

S)O Claim(s) __ is/are allowed. 

6)[2J Claim(s) 56~82 ls/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claims __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ ls/are objeded to by the Examiner. 

11)0 The proposed drawing correction tiled on_ Is: a)O approved b}O disapproved. 

12)0 The oath or declaration ls objected to by the Examiner. 

Priorityunder~S U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f), 

a)O All b)O Some• c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No._. 

3.0 Coples of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* see the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgement is made of a claim for domestic priolity under 3S u.s.c. § 119(e}. 

Attachmentfs) 

15) D Notice of References Cited (PT0-892) 18) 0 Interview Summary (PT0-413) PaperNo(s). __ . 

16) D Notice of Draflspel'$on's Patent Drawing Review (PT0-948) 

f7) D Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 

19) 0 Notice of Informal Patent Application (PT0-152) 

20) 0 other: 

U.S. Pat.nt ond Trademark Oniee 

PTo.326 (Rev. 01-01) Office Action summary Part of Paper No. 4 
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Application/Control Numbe •. J9/608,872 

Art Unit: 2l55 

Response to Request for Reconsideration 

Pagel 

This is in response to a request for reconsideration ftle on September 26th, 200 I. Claims 

56-82 are being reconsidered in this action. 

Double Patennng 

l. A rejection based on double patenting of the "same invention" type finds its support in 
the language of35 U.S.C. 101 which states that "whoever invents or discovers any new and 
useful process ... may obtain~ patent therefor ... " (Emphasis added). Thus, the term "same 
invention," in this context, means an invention drawn tO identical subject matter. See Miller v. 
Eagle Mfg. Co., 151 U.S. 186 (1894); In re Ocker/, 245 F.2d 467, 114 USPQ 330 (CCPA 1957); 
and In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970). 

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by 
canceling or amending the conflicting claims so they are no longer coextensive in scope. The 
filing of a terminal disclaimer cannot overcome a double patenting rejection based upon 3 5 
U.S.C. JOI. 

2. Claims 56-82 are provisionally rejected under 35 U.S.C. 101 as claiming the same 

invention aS that of claims 56-126 of copending Application No. 09/524,095. Although the 

conflicting claims are not identical, they are not patentably distinct. It would have been obvious 

to one of ordinary skill in the art to observed that the omission of the limitations "soliciting 

additional input from the user, including user interaction in a modality different that the 

original request and, refining the navigation query, based upon the additional input'~, of 

applicant claims 56-82 are already in the Co-pending application 09/524,095, as such they are 

obvious variation of the inventive concept defined in claims 56-126 of the Co-pending 

application 09/524,095. See In re Karlson, 136USPQ 184 (CCPA 1963). This is a provisional 

double patenting rejection since the conflicting claims have not in fact been patented. 
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Application/Control Numbe1. J9/608,872 

Art Unit: 2155 

Claim Rejections - 35 USC§ I 02 

Page2 

3. The following is a quotation of the appropriate paragraphs of35 U. S.C. 102 that form the 

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the Unitc:d 
States before the invention thereof by the applicant for patent, or on an international application by another who 
has fulfilled the requirements of paragraphs (l), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent. 

4. Claims 56-82 are rejected under 3 5 U.S. C. 102( e) as being anticipated by Levin et al. 

(US. Patent No. 6,173,279). 

5. As per claim 56, Levin et al teach a method for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and· the one or more network servers utilizes wireless comnmnication (see abstract, fig 1, 

column 3 lines 5-35), comprising receiving a spoken request (receive a natural language query) 

for desired information from the user (user, 112) utilizing the mobile information appliance (PC, 

102) of the user; rendering an interpretation (creating a semantic representation) of the spoken 

request, constructillg a navigation (generating search) query based upon the interpretation; 

utilizing the navigation query to select a portion of the electronic data source; and transmitting 

(sending) the selected portion of the electronic data source from the network server to the mobile 

information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 

l, 10,22) 

DISH, Exh. 1004, p. 112
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Application/Control Numb ... 09/608,872 

Art Unit: 2155 

Page3 

6. As per claim 57, 58, 62-64, Levin et al teach a method of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig l, column 3 lines 5-35). 

7. As per claim 59, Levin et al teach a method of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim 1, 10, 22). 

8. AB per claim 60, Levin et al teach a method wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 6 l-67). 

9. As per claim 61, Levin et al teach a method wherein steps (a)-( d) are performed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

10. As per claim 65, Levin et al teach a computer system fOr speech-based navigation 

(information server, 110) of an electronic data source located at one or more network servers 

located remotely from a user, wherein at least a portion of a data link between a mobile 

information appliance of the user and the one or more network servers utilizes wireless 

communication (see abstract, fig l, column 3 lines 5-35), comprising a code segment receiving a 

DISH, Exh. 1004, p. 113
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Application/Control Numb"' .. 09/608,872 

Art Unit: 2155 

Page 4 

spoken request (receive a natural language query) for desired infomiation from the user (user) 

utilizing the mobile information appliance (PC, 102) of the user; a code segment rendering an 

interpretation (creating a semantic representation) of the spoken request, a code segment 

constructing a navigation (generating search) query based upon the interpretation; a code 

segment utilizing the navigation query to select a portion of the electronic data source; and a 

code segment transmitting the selected portion of the electronic data source from the network 

server to the mobile information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 

line 5, see also claim l, 10, 22) 

11. As per claim 66, 67, 71-73, Levin et al teach a system of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile infomiation 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

12. As per claim 68, Levin et al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source(see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim l, I 0, 22). 

13. As per claim 69, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig I, column 2 line 6 I -67). 
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Pages 

14. As per claim 70, Levin et al teach a systefil wherein steps (a)-(d) are performed with 

respect to multiple users (see abstract, fig l, column 3 lines 5-35). 

15. As per claim 74, Levin et al teach a system for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless communication (see abstract, fig 1, 

column 3 lines 5-35), comprising receiving a spoken request (receive a natural language query) 

for desired information from the user (user) utilizing the mobile information appliance (PC, 102) 

of the user; rendering an interpretation (creating a semantic representation) of the spoken 

request, constructing a navigation (generating search) query based upon the interpretation; 

utilizing the navigation query to select a portion of the electronic data source; and transmitting 

the selected portion of the electronic data source from the network server to the mobile 

information appliance of the user. (see abstract, fig. l-3, column 3 line 36-9 line 5, see also claim 

1,10,22) 

16. As per claim 75, 76, 80-81, Levin et al teach a method of rendering the interpretation of 

the spoken request is performed at the one or more network. servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

17. As per claim 77, Levin et al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 
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navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, I 0, 22). 

18. As per claim 78, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 61-67). 

19. As per claim 79, Levin et al teach a system wherein steps (a)-( d) are performed with 

respect to multiple users (see abstract, fig I, column 3 lines 5-35). 

Response to Arguments 

I. Applicant1s arguments filed on September 26th, 2001 have been fully considered but they 

are not persuasive. "'"' * 

a. Applicant argues that the statutozy-type obviousness double patenting is not 

appropriate. Examiner respectfully disagrees with applicant characterization of the 

statutory-type obviousness double patenting concept. The inventive concepts in the 

applications are not patenbly different. Different variation of the same inventive concept 

is being claimed twice. According to MPEP in determining whether a statutory basis for a 

double patenting rejection exists, the question to be asked is: Is the same invention being 

claimed twice? 35 U.S.C. 101 prevents two patents from issuiilg on the same invention. 

"Same invention" means identical subject matter. Miller v. Eagle Mfg. Co., 151 U.S. 
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186 (1984); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Ockert, 

245 F.2d 467, 114 USPQ 330 (CCPA 1957). 

b. Applicant further argues that the prior art "fails to teach or suggest the novel 

concept of speech-based navigation where the method receives spoken request for desired 

information from the user utilizing the mobile information appliance of the user and 

where in tum the selected electronic data source from the network server is transmitted to 

the mobile information appliance of the user." Examiner respectfully disagrees with the 

applicant perspective and characterization of Levin inventive concept. Levin teach that 

use of a personal computer, a user establishes connection with a network. In the field of 

the network communication, a personal computer is not limited to desktop, but also 

bandheld computer as well as laptop which are considered to be mobile appliances. In 

Levin inventive concept, an information seiver 110 receives natural language which is 

the same as spoken word. One the natural language query is process, the service host then 

transmit the result of the query to the pc. (see column 3 lines 5-35, 6 lines 25-59). 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR I.136(a). 

A shortened statutory period for reply to this fmal action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

DISH, Exh. 1004, p. 117
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the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CFR l.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Firmin Backer whose telephone number is 703-305-0624. The 

examiner can normally be reached on Mon-Thu 8 :30-6:00. 

If attempts to reach the examiner by telephone are unsuccessfuL the examiner's 

supervisor, Sheikh Ayaz can be reached on 703-305-9648. The fax phone numbers for the 

organization where this application or proceeding is assigned are 703-305-3718 for regular 

communications and 703-305-5352 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the receptionist whose telephone number is 703-305-3900. 

~"- {¥,{_ 
I ' Av.<Z'SHE!i<H 

SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 2100 
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the end of the THREE-MONTH shortened statutory period, then the shortened statutory period

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,

however, will the statutory period for reply expire later than SIX MONTHSfrom the mailing

date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Firmin Backer whose telephone numberis 103-3 05-0624. The

examiner can normally be reached on Mon-Thu 8:30-6:00,

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Sheikh Ayaz can be reached on 703-305-9648, The fax phone numbersfor the

organization wherethis application or proceeding is assigned are 703-305-3718 for regular

communications and 703-305-5352 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone numberis 703-305-3900,
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Applicant Halverson et al. 

Case: SRl1 P037B 

Sertal No.: 09/608,872 

Group Art Unit: 2155 

Examiner: Finnin Backer 

PATENT APPLICATION 

Filed: June 30, 2000 

Title: MOBILE NAVIGATION OF NETWORK·BASED El.ECTRONIC INFORMATION 
USING SPOKEN INPUT 

ASSISTANT COMMISSIONER FOR PATENTS 
Box AF 
Washington, D. c. 20231 

SIR: 

RESPONSE UNDER 37 C.F.R. § 1.116 

This response addresses the Final Office Action dated October 10, 2001 (Paper 

Na. 14). 

IN THE CLAIMS 

Please amend claim$ 56 and 65 as shown below. These claims -.re "clean 

version" of the amended claims, I.e., with changes incorporated into the claims, 

whereas the Appendix to this Amendment illustrates the amended claims using 

underlines and brackets to indicate addition and deletion, respectively. 

56. {Amended) Am hod for speech-based navigation of an electronic data source 

located at one or more ne ork servers located remotely from a user, wherein a data 

link is establlshed between a obile information appliance of the user and the one or 

more network servers, comprisi the steps of: 

1 
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IN THE UNITED STATES

PATENTANDTRADEMARKOFFICE

PATENT APPLICATION RECFIVEDH

Applicant: Halverson et al. JAN 1 2002

Case: SRMP037B Technology Center 2100

Serial Na.: 09/603,872 Filed: June 30, 2000

Group Art Unit: 2158

Exarniner: Firmin Backer

Title; MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATLON
USING SPOKENINPUT

ASSISTANT COMMISSIONER FOR PATENTS

Box AF
Washington, D. C, 20231

SIR:

RESPONSE UNDER 37 €.F.R.§ 1.116

This response addresses the Final Office Action dated October 10, 2001 (Paper

No. 14}.

INTHECLAIMS

Please amend claims 56 and 64 as shown below. These claims are “clean

version” of the amended claims,I.¢., with changes incorporated into the claims,
whereas the Appendix to this Amendmantillustrates the amended claims using

underlines and brackets to indicate addition and deletion, respectivety.
 

56. (Amended) A méthod for speech-based navigation of an electronic data source
located at one or more nefwork servers located remotely from a user, wherein a data

link is established between awobile information appliance of the user and the one or

more network servers, comprising the steps of:
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\ r0 (a) calving a spoken request for desired information from the user utilizing the 

x~ mobile informa appliance of the user; 

'"\ (b) rendering interpretation of the spoken request; 

{c) constructing a vigatlon query based upon the Interpretation; 

(d) utlliZing the naviga · n queiyto select a portion of the electronic data source; 

and 

(e) transmitting the selected po · n of the electronic data soun:e from the 

network server to the mobile information a iance of the user, wherein at least a 

portion of said data link between said rnoblle in ation appliance of the user and the 

one or more network servers utilizes wireless comm ication. 

65. (Amen d) A computer program embodied on a computer readable medium for 

speech-based na igatlon of an electronic data source located at one or more network 

servers located rem te\y from a user, wherein a data link is established between a 

mobile information ap a nee of the user and the one or rnore network servers, 

comprising: 

(a) a code segment t t receives a spoken request for desired information from 

the user utilizing the mobile in ation appliance of the user; 

(b) a code segment that re ers an interpretation Of the spoken request; 

(c) a code segment that canst cts a navigation query based upon the 

interpretatlon; 

(d) a code segment that utilizes the avigation query to select a portion of the 

electronlo d•ta source; and 

(e) a code segment that transmits the sel tad portion of the electronic data 

source from the network server to the mobile info tion appliance of the user, wherein 

at least a portion of said data link between said mobil ·ntormation appliance of the 

user and the one or more network servers utilizes wireles communication. 

REMARKS 

Applicants' representative would like io thanK Examiner Backer and Primary 

Examiner Etienne for kindly taking a substantial amount of time on January 8, 2002 to 

2 
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A
we {a) receiving a spoken requestfor desired information from the ugerutilizing themobile informatian appliance of the user;

(b) rendering 3o interpretation of the spoken request;

(c} constructing a navigation query based upon the interpretation;

(d) utilizing the navigatign query to select a portion of the electronic data source;
and

(e) transmitting the selected potion of the electronic data source from the

network server to the mobile information appliance of the user, wherein at least a

portion of said data link between said mobile infagmaton appliance of the user and the

ane or more network servers utilizes wireless communication.

65. (Amended) A computer program embodied on a computer readable mediurn for

speech-based navigation of an electronic data source located at one or more network

servers located reniately from a user, wherein a data link is establisned between a

mabile information appliance of the user and the one of more network servers,

comprising:

(a) a code segment that receives a spoken request for desired information from

the user utilizing the mobile in ation appliance of the user; |
(b} a code segment that renders an interpretation of the spoken request;

(c) a code segmentthat consthycts a navigation query based upon the
interpretation;

(d} a code segmentthat utilizes the navigation query fo select a portion of the

electronic data source; and

{e) a code segmentthat transmits the selected portion of the electronic data

source from the network server to the mobile information appliance of the usér, wherein

at least a portion of said data link between said mobilejnformation appliance of the

user and the one or more network sarvers utillzes wireless communication.

 

REMARKS

Applicants’ representative would like to thank Examiner Backer and Primary
Examiner Etienne for kindly taking a substantial amount of time on January 8, 2002 to
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discuss the merits of the subject invention. Appllcents' representative is aware of the 

iime constraint that Is placed on the Examiners and is appreciative of the Examiners' 

willingness to devote such large quantity of time to discuss the case on the merit. 

' 141006 

In view of the following discussion, th0 Applicants submit that none of the clalms 

now pending in the application are anticipated under ihe provisions of 35 U.S.C. § 102. 

Thus, the Applicants believe that all of these claims are now in allowable form. 

I. RIOJECTION OF CLAIMS 56-112 UNDER OOUBLE PATENTING 

The Examiner provisionally rejected claims 56r62 in Paragraphs 1-2 of the Final 

Office Action based on stab.ltory type double patenting under 35 U.S.C. § 101 as 

clalmlng the same Invention as that of claims 56-126 of copending Application No. 

09/524,095. Applicants respectfully traverse the rejection. 

First, the Examiner noted that ~it would have been obvious to one of ordinary skill 

in the art to observe that the omission of the limitations 'soliciting additional input 

from the user, including user interaction In a modality different tha[n) the original 

request and, refining the navigation query, based upon the additional input'. After 

noting the differences between the scope of the claims between the t.No applications, 

the Examiner then concluded that cla!ms 56-82 "are obvious variation of the inventive 

concept defined in claims 56-126 of co-pending application 09/524,095". 

Pursuant to the Examiner lnteiview, Applicants again directed Examiner's 

attention to the fact that there are two types of double patenting rejectlons:."'statutory" 

and "non-statutory (obviousness-type)''. MPEP 804 states that "[ijn detemiining 

whether a statutory basis for a double patenting rejection exlsts,.the question to be 

asked is: Is the same invention being claimed twice?" "A reliable test for double 

patenting under 3o U.S.C. 101 is whether a claim in the application could be llteraily 

infringed without literally infringing a corresponding clalm in the patenr. Given the 

substantlal differences between the claims of the two applications as noted by the 

Examiner, Applicants respectfully submit that applying the statutory double patenting 

test as promoted in the MPEP would not produce a statutory double patenting rejection 

in ihe present application. 

3 
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discuss the merits of the subject invention. Applicants’ representative is aware of the

time constraint that is placed on the Examiners and is appreciative of the Examiners’

willingness to devote such large quantity of time to discuss the case on the merit.

In view of the following discussion, the Applicants submit that none of the claims

now pending in the application are anticipated under the provisions of 35 U.S.C. § 102.

Thus, the Applicants believe that all of these claims are now in allowable form.

l,. REJECTION OF CLAIMS 56-82 UNDER DOUBLE PATENTING

The Examinerprovisionally rejected claims 56-82 in Paragraphs 1-2 of the Final

Office Actlon based on statutory type double patenting under 35 U.S.C. § 101 as

claiming the same invention as that of claims 56-126 of copending Application No.

09/524,095. Applicants respectfully traverse the rejection.

First, the Examiner noted that “tt would have been obvious to one of ordinary skill

in the art to observe that the omission ofthe limitations ‘soliciting additional input

from the user, Including userinteraction In a modality different tha[n] the orlginal

request and, refining the navigation query, based upon the additional input’. After

noting the differences between the scope of the claims between the two applications,

the Examiner then concluded that claims 56-82 “are obvious variation of the inventive

concept defined in claims 56-126 of co-pending application 09/524,095”.

Pursuant to the Examiner Interview, Applicants again directed Examiners

attention to the fact that there are two types of double patenting rejections: “statutory”

and “non-statutory (abviousness-type)”. MPEF 804 states that “fi[n determining
whether a statutory basis for a double patenting rejection exists,the question to be

askedis: Is the same invention being claimed twice?” “A reliable test for double

patenting under 35 U.S.C. 101 is whether a claim in the application could beliterally

iniringed withoutliterally infringing a corresponding cialm in the patent’. Given the

substantial differences batween the claims of the two applications as noted by the

Examiner, Applicants respectfully submit that applying the statutory double patenting

test as promoted in the MPEP Would not produce a statutory double patenting rajection
in the present application.
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Second, it should be noted that the present application Is a continuation of the 

co--pendlng appllcation OS/524,095. As such, if and when these two applications 

mature Into Issued patents, both patents will have the same term. 

As such, Applicants submit that the present statutory double patenting rejection 

against claims 56-82 is inappropriate. The Examiners Indicated that they will 

reconsider the present statutory type double patenting under 35 U.S.C. § 101. 

II, REJECTION QF CL.AIMS 56-82 UNDER 35 U,S.C. § 102 

The Examiner has rejected claims 56-82 in Paragraphl:l 4~19 of the Final Office 

Action as being anticipated by the Levin et al. potent (US Patent 6, 173,279 issued 

January 9, 2001, hereinafter referred to as Levin). The rejection is respectfully 

traversed. 

Ill 007 

Levin teaches ~a meUiod of using at least one natural language query to retrieve 

information from one or more data resources and further pelforming a requested action 

using the retrieved information is disclosed". (See Levln, Column 2, lines 15-18) 

Namely, Levin teaches a rnethod for using natural language query to obtain information, 

where upon receipt of the requested information, a desired action Is executed based 

upon the requested inforrnatlon. To illustrate, Levin provides the example, where a 

user employs natural language to request the telephone number of a restaurant. Upon 

receipt of the telephone number, the telephone number Is actually dialed for the user. 

(See Levin, Column 3 line 62 to Column 4, line 1) 

ln contrast, Levin fails to teach or suggest the novel concept of speech-based 

navigation where the method recejyes spoken request for desired Information from the 

user utJ1izlng the mobile Information appltance of the user and where. jo turn. the 

selected electronic data source from the netwgrk server is transmitted to the moblle 

information appliance of the user. wherein at least a portion of said data link between 

said mobile information aop!iance of the user and the one or more network servers 

utiljzes wireless communication. Specifically, Applicants' independent claims 56, 65 

and 7 4 positively recite: 

4 
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Second,it should be noted that the present application |s a continuation of the

co-pending application 09/524,095, As such, if and whenthese two applications
mature Into issued patents, both patents will have the same term.

As such, Applicants submit that the present statutory double patenting rejection

against claims 56-82 is inappropriate. The Examiners Indicated that they will
reconsiderthe present statutory type double patenting under 35 U.S.C. § 1014.

il REJECTIO F CLAIMS 56-32 UNDER 35 UL5.C.§102

The Examiner has rejected claims 56-82 in Paragraphs 4-19 of the Final Office

Action as being anticipated by the Levin et al. patent (US Patent 6,173,279 issued

January 9, 2001, hereinafter referred to as Levin). The rejection is respectfully

traversed.

Levin teaches “a method of using at least one natural language query io retrieve

information from one or more data resources and further performing a requested action

using the retrieved information is disclosed”. (See Levin, Column 2,lines 15-18)

_ Namely, Levin teaches a method for using natural language query to obtain information,
where upon receipt of the requested information, a desired action Is executed based

upon the requested information. Toillustrate, Levin provides the exarnple, where a

usér employs natural language to request the telephone number of a restaurant. Upon

receipt of the telephone number, the telephone numberis actually dialed for the user.

(See Levin, Column 3 line 62 to Column4,line 1)

In contrast, Levin fails to teach or suggest the novel concept of speech-based

navigation where the method receives spoken request for desired information from the
user utilizing the mobile information anpliance of the user and where,ip tum, the
sélected electronic data source from the network server is transmitted to the mobile

information appliance of the user, wherein at least 4 portion of said data link between

said mobile information a nee of the user and th 6 or more network s tS

utilizes wireless communication. Specifically, Applicants’ independent claims 56, 65

and 74 positively recite:
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56. A method for speech-based navigation of an electronic data source 
located at one or more network servers located remotely from a user, wherein a 
data link Is established between a mobile Information appliance of the user and 
the one or more network servers, comprising the steps of: 

(a) receiving a spoken request for desired Information from the user 
utilizjng the mobile information appliance. of the user; 

(b) rendering an intetpretation of the spoken request; 
(c) constructing a navigation query based upon the Interpretation; 
( d}utillzing the navigation query to select a portion of the electronic date 

source; and 

141008 

(e) transmitting the selected portion of the electronic data source from the 
network seiver to the mobile lnfonnatlon appliance of the user, wherein at !eeist a 
gortlon of said data link between said mobile intonnation appliance of the user 
and the one or more network servers utilizes wireless communication. (emphasis 
added) 

65. A computer program embodied on a computer readable medium for 
speech-based navigation of an electronic d:;lta source located at one or more 
network seNers located remotely from a user, wherein a data link is established 
between a mobile Information appliance of the user and the one or more network 
seivers, comprising: 

(a) il._COde segment that receives a spoken reauest for desired information 
from the user utillzing the mobile information apollance of the user; 

(b) a code segment that renders an Interpretation of the spoken request; 
(c) a code segment that constructs a navigation query based upon the 

interpretation; , 
(d) a code segment that utilizes the navigation query to select a portion of 

the electronic data source; and 
(e) a code segment that transmits the selected portion of the electronic 

data source from the network seiver to the mobile Information appliance of the 
user, wherein at least a portion gf said data link between said mobfle information 
appliance of the user and the one or more network servers utilizes wireless 
communication. (emphasis added) 

7 4_ A system for speech-based navigation of an electronic data source 
located at one or more network seivers located remotely from a user, 
comprising: 

(a) 

(b) 

(c) 

(d) 

ri! mobile information appliance ooerable to receive a spoken 
reayest for desired information from the user. 
spoken language processing !ogle, operable to render an 
interpretation of the spoken request; 
query construction logic, operable to construct a navigation query 
based upon the Interpretation; 
navigation logic, operable to select a portion of the electronic data 
source using the navigation query, and 

5 
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(e) electronic communications infrastructure for transmittlng the 
selected portion of the electronic data source from the network server to the 
mobile information appliance of the user, wherein at least a portion of a data link 
of the electronic communications jnfrastructure between a mobile Information 
appliance of the user and the one or more network servers utilizes wjreless 
communication. (emphasis added) 

Applicants' invention teaches a novel method and apparatus for speech~based 

navigation where the method receives spoken reouest for desired lnfomiatioo from the 

user utilizing the mobile information appliance of the user and where! !n tum. the 

selected electronic data source from the network server is transmitted to the mobile 

Information appliance of the user. wherein at least a portion of said data link between 

said mobile inforrnaUon appliance of the user and the one or more network servers 

utilizes wireless communicatl.on. Speclfieally, Applicants address the criticality of 

providing speech-based navigation via a mobile, i.e., wireless communication, approach 

Jn addition to spoken natural language. It has been noted that with the proliferation of 

various mobile appliances, lt would be advantageous to allow these mobile appliances 

to access the sarne vastness of electronic data sources that are available to hard-wired 

appliances like a desktop computer. However, the very essence of a moblle appliance 

is Its portability, small size and ease of use. As such, unlike hard-wired appliances, 

mobile appliances are not equipped with large bulky input devices. In fact, even if the 

mobile appliance is equipped with extensive input devices, most users would stlll find 

these "shrunken" Input devices to be curnbersome and difficult to use, e.g., an 

electroolc representation of a _keyboard on a PDA and the like. 

To further exacerbate the problem, obtaining information from an electronic data 

source may require extensive and complex Interaction between the user's mobile 

appliance and the system holding the electronic data source. Thus, the limited or 

cumbersome inpuVoutput capablHty of a mobile appliance presents a substantial barrier 

to its ability to access a data resource that requires extensive and complex interactlon. 

In contrast, Levin teaches that "[u]sing a personal computer (PC) 102, a user 

establishes a connection with packet network 108 via an access server 106". Levin 

then states that "[t]he user may also use a telephone 103 to connect to the packet 

6 
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network 108" and that "[t]yplcally a modem oonnection (not shown) may be used to 

connect the PC 102 to the packet 108 in a conventional manner". (emphasis added) 

(See Levin, Column 3, lines 5-10). Additionally, Levin states that "[t]he PC 102 dials 

into an acoess server 106 that is connected to the Internet or other database service via 

a logical network interface (not shown)" and that "[t}he logical network interface may be 

a local area network (LAN), a Serial Line Internet Protoool (SLIP) connection over a 

modem, an ISO~ port or via a connection to a special LAN such as an ATM LAN or a 

LAN that offers bandwidth reserva~on". (See Levin, Column 4, lines 23-29) It Is 

respectfully submitted that none of Levin's statements provides any specific teaching as 

to mobile appliances or wireless communication. In fact, tenns such as .. modem 

connection~ and "!SON port'' are typically associated with hard-wired appliances. Thus, 

Levin does not teach or disclose a method that receives sooken request for desired 

information from the user utilizing the mobile Information appliance of the yser and 

where. In tum. the selected electronic data source from the network server Is 

transmitted to the mobile lnfounation appliance of the user via wireless communication 

ayer at least a portion of the data link. Namely, the scope of Applicants' claims is 

specifically directed to speech-based navigation via mobile information appl!ances. 

This novel concept is not dlsclosed by the Levin reference and Applicants' claims would 

not read on the Levin reference. 

Pursuant to the Examiner Interview, Applicants have agreed to Incorporate the 

term " wherein at least a portion of said data link between said mobile information 

appliance of the user and the one or more network servers utilizes wireless 

communicationff, into the body of the independent claims. This tenn previously existed 

in the preamble of the independent claims. Thus, since this term previously existed in 

the originally flied independent claims, the present amendment is .n.Q! implemented in 

view of the cited prior art. In fact. Applicants take the position ttiat the scope of the 

independent claims did not change as a result of this amendment and that this 

amendment served to clarify the claims to the Examiner's satisfaction. 

Additlonally, it should bs noted that no amendment was applied to independent 

claim 74, since the above-Identified term is already in the body of the independent claim 
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74. 

Tl'terefore, the Applicants respectfully submit that independent claims 56, 65 and 

74 are not anticipated by the Levin reference. As such, claims 56, 65 and 74 fully 

satisfy the requirements of 35 u.s.c. §102 and are patentable thereunder. 

Claim:;; 57-64, 66-73 and 75-82 depend, either directly or Indirectly, from claims 

56, 65 and 74 and recite additional features therefor. Since Levin fails to anticipate 

Appl!cants' Invention as recited in Applicants' independent claims 56, 65 and 74, 

dependent claims 57-64, 66-73 and 75-82 are also not anticipated under 35 U.S.C. § 

102 and are allowable for the same reason noted above. 

Conclusion 

Thus, the Applicants subm~ that all of these claims now fully satisfy the 

requirements of 3o U.S.C. §102. Consequently, the APPiicants believe that all these 

claims are presenUy in condition for allowance. Accordingly, both reconsideration of 

this application and its swift passage to issue are earnestly solicited. 

If, however, the Examiner believes that there are any unresolved issues requlrtng 

the maintenance of the present final action In any of the claims now pending in the 

application, It is requested that the Examiner telephone ML Kin-Wah Tong. Esq. at 

(732) 030-9404 so that appropriate arrangements can be made for resolving such 

issues as expeditiously as possible. 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
First Floor, 
Shrewsbuiy, New Jersey 07702 

Recelied from ' 732 l311 !!&! > ~ 1111!124:0i:40 PM (Eastern standard Time) 
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74,

Therefore, the Applicants respectfully submit that independent claims 56, 65 and

74 are not anticipated by the Levin reference. As such, clalms 56, 65 and 74 fully

satisfy the requirements of 35 U.S.C. §102 and are patentable thereunder.

Claims 57-64, 66-73 and 75-82 depend,either directly or indirectly, from clalms

56, 65 and 74 and recite additional features therefor. Since Levin fails to anticipate

Applicants’ invention as recited in Applicants’ independent claims 56, 65 and 74,

dependent claims 57-64, 66-73 and 75-82 are also not anticipated under 35 U.S.C. §
102 and are allowable for the same reason Noted above.

Conclusion

Thus, the Applicants submit that all of these claims now fully satisfy the

requirements of 35 U.S.C, §102, Consequently, the Applicants believe that al! these

claims are presently in condition for allowance. Accordingly, both reconsideration of

this application and its swift passagé to issue are earnestly solicited.

lf, however, the Examinerbelieves that there are any unresolved issues requiring
the maintenance of the presentfinal action in any of the claims now pending in the

application,it is requested that the Examinertelephone Mr Kin-Wah Tong, Esq. at

(732) 530-9404 so that appropriate arrangements can be madefor resolving such

issues as expeditiously as possible.

Respectfully submitted,

(0/0 LiGe
Kin-Wah Tong, Attorney
Reg. No. 39,400
(732) 530-9404

Moser, Patterson & Sheridan, LLP
595 Shrewsbury Avenua
First Floor,
Shrewsbury, New Jersey 07702
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Appendix 
(Marked-up copy of amended claims) 

56. (Amended) A method for speech-based navigation of an electronic dc:ita source 

located at one or more network servers located remotely from a user, wherein [at least 

a portion Of] a data link is established between a mobile info1Tnation appliance of the 

user and the one or more netvlork seJVers [utilize wireless communication], comprising 

the steps of: 

(a) receiving a spoken request for desired information from the user utilizlng the 

mobile infonnatlon appliance of the user; 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the interpretation; 

(d)utilizlng the navigation query to select a portion of the electronic data source; 

and 

(e) transmitting the selected portion of the electronic data source from the 

network server to the mobile infarmetion appliance of the user. wherejn at least a 

portion of said data link between said mobile informatjon appliance of the user and the 

one or more network servers utilizes wire\&SS communication. 

65. (Amended) A computer program embodied on a computer readable medium for 

speech-based navigation of an electronic data source located at one or more netvvork 

seNers located remotely from a user, wherein [at least a portion of) a data link is 

established between a mobile Information appliance of the user and the one or more 

network servers (utilizes wireless communication], comprising: 

(a) a code segment that receives a spoken request for desired information from 

the user utiliz!ng the mobile information appliance of the user; 

(b) a code segment that renders an interpretation of the spoken request. 

{c) a code segment that constructs a navigation query based upon the 

interpretation; 

(d) a code segment that utilizes the navigation query to select a portion of the 

electronic data source; and 
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(e) a code segment that tran.smits the selected portion of the electronic data. 

source from the network. server to the moblle information appliance of the user. wherein 

at least a portjon of said data link between said mobile lnfonnatlon appliance of the 

user and the one or more network servers ytilizes wireless communication. 

10 
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091608,872 
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Firmin Backer 
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HALVERSEN ET AL. 

Art Unit 

2155 

-The MAILING DATE of this communication appears on the cover sheet wrth the correspondence address --

THE REPLY FILED 17 January 2002 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE 
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a 
final rejection under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the ap~lication in 
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued 
Examination (RCE) 1n compliance with 37 CFR 1.114. 

PERIOD FOR REPLY [check either a) orb)] 

a) [8J The period for reply expires .J..months frCITI the mailing date of the final rejection. 

b) 0 The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 
no ev-ent, however, wiff the statutory parlOO for ~p!y exp\r>a !a~r ttlan S!K MONTHS from the mai!ing date of the !Ina! reiectioo. 
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP 
706.07(f). 

Extensions of time may be obtained under 37 CFR 1. 136(a). The date on which tlle petition under 37 CFR 1.136(a) and the appropriate extension 
fee have been flied is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension 
fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutor)' period for reply originally set 1n the final Office action: or 
(2) as set forth in (b) above, lf checked. Any reply received by !he Office later than three months after the mailing date of the final reiectioo, even i( 
timely filed, may reduce any earned paten! term adjustment. See 37 CFR 1,704(b). 

1.0 A Notice of Appeal was filed on __ . Appellant's Brief must be filed within the period set forth in 
37 CFR 1.192(a), or any extension thereof {37 CFR 1.191(d)), to avoid dismissal of the appeal. 

2.0 The proposed amendment{s) will not be entered because: 

(a) [8J they raise new issues that would require further consideration and/or search (see NOTE below); 

(b) D they raise the issue of new matter (see Note below); 

(c) D they are not deemed to place the application in better form for appeal by materially reducing or simplifying the 
issues for appeal: and/or 

(d) O they present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: See Continuation Sheet. 

3.0 Applicant's reply has overcome the following rejection(s): __ . 

4.0 Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment 
canceling the non-allowable claim(s). 

5.0 The a)O affidavit, b)O exhibit, or c)O request for reconsideration has been considered but does NOT place the 
application in condition for allowance because". __ . 

6.0 The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly 
raised by the Examiner in the final rejection. 

7.rgj For purposes of Appeal, the proposed arnendment(s) a)O will not be entered or b)O will be entered and an 
explanation of how the new or amended c1a·1ms would be rejected is provided below or appended. 

The status of the claim(s) is (or will be) as follows: 

Claim(s) allowed: __ . 

Claim(s) objected to: __ . 

Claim(s) rejected: 56-82. 

Claim(s) withdrawn from consideration: __ . 

8.0 The proposed drawing correction filed on __ is a)O approved or b)O disapproved by the Examiner. 

9.0 Note the attached Information Disclosure Statement(s)( PT0-1449) Paper No{s). __ 

10.0 Other: __ 
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"wherein at least a portion of said data link between said mobile infonnation appliance of the vser and the one or more network utilizes 
wfrefess communication" that require further search and/or consideration. 
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REQUEST App/fl;il/Son ~r 09/608,872 

FOR RllngData June 30, :ii:OOO 

CONTINUED EXAMINATION (RCE) 
EA~ncr Name F,Bei~eir TRANSMITTAL 

Sul>a11~on (b) W ~ U.S.C. § 132,. &ffecttva on Mny 29, 2000, 
f'ir~ N~ lnvtn1or Hatverssn 

pl'DVidK for continued examination or an lllillty or plP\t Group Alt Ulllt 2.155 11ppn~:;iUvn fll111cl on orMt.r J1111a 8, 19~5. 
:Sea The Arn11d1:11n Inventor.;; Prc;ih=P.lt!uu Aul of 1999 (AIPA). 

Attorney Docket Number SRI 1P037B 

This is a RequMt fOI' Continued Examlnauon (RCE) under 37 C.F.R. § 1.114 of the above-identified ~pplic:atlon. 
~ 37 C.F.R. § 1.114 ls effectlW Dll May a, 20QQ, lfthf 1b0ve-identifl~" ~mll)n Wai llRd pliarto May 29. 
2000, app/lcsnt msy wish to cansiderf/Jlng a contkwed pl'0$111~/on oppJicatfcm (CPA) und&r37 C.F.R. § 1.63 (r!) 
(Pt'O!SB!tS) imtead of a RCE to bs eligible lbrthe patent lOfm t41u~ment provl&lons of the AIPA. See Changes to 
Appllc!ltlon Examination and ProvisiOMll Apl)litatiOl'I PraCllce, lnlerlm Rukl, 65 Fed. Reg. 14865 (Mar. 20, 2000), 1233 OH. 
~ Pfit Office 47 'A--. 11, 20001, which established RCE nractk:e. 

1. I Submiakln required ~d11r37 C.~.~ § 1.114 l 
•-181 Previously submitted 

i. E8l Cooslderth1121mM1ltnenl(a)lrep(y uni;l11r 37 C.F.R. § 1. 116 previousiyfiled on.1.tWL!ra, 
(Any unml9Ted em11Nlmllnl(oi) niferred le ablJvt wm b• e11W114). 

/ ii. 0 Conslde~ the argument& 111 the App~ Brief or RllJ!IY Br!af pre\llQUsly flied on __ 
iQ, Dottier_ 

•• Enclottid 
I. 0 Amendment/Reply 
Ii § Affidavil(s)IOeclaratlon(s) 

"· lnfomiatlon DlsckiiSUrtt Ste.temenl (IDS) ,,_ 
°'""--

2. I Mlsc.llan11C1us J 

•-D Suspension of action on the above-ldentttled application ls requested under 37 C.f.R. § 1.100(c) for 
a period of __ monfhs. (Period of auspsnslcln n• rooL ~ed 3 months: f'ee ~ 31 C..F.R. 6 1.17~) ""'lulrad) 

b.181 other i;mnslo!l RMui:3 110!! P1;: Ii:iaami:ill!ll ~-~ 
$. ~ Thll RCEf11e undar37 C.F.R Ii 1.17(9) Is raquirWCI' by37C.F.R.§ 1.114whon Iha Ree I& lkd. 

•-181 The Dlreolor Js llereby alllllorized to charge the followlrg fees, or credR tiny OVl;lrpayments, to 
Deposit Account No~ 

1. 181 RCi: '- requlrfld under37 C.F.R. § 1.17(•) 

•• ~ ExletlSlon of li~ fff (~7 C.F.R. §§ ,.136and 1.17) 

•• Oltler 
o.O Check in the ilmotnt or s __ enclosed 

cO Payment by credit card (Form PTo.2036 enclosed) 

8/BNA n.JRE OF APPLJCANT, A TTORN!Y, QR AYBtT ftEQUlftEO 

Name (Pritltflype) I KIN-WAH TONG , .I I HegistIBtian No, (AttDmsy!AQent) I as,400 ·-- I . '// • I o.te I FebMtry 8, 2002 

<:: 
BurdRn Hour stalamBn~ Thill farm i& NU~d lo !*kEI o.2 hou~ to cotnpl(JlG. T1l'M wll1 v;;iry deJICMmo llPOll the needs d Pie lndlvldwl ~e.Any 
QQ<JllJ>inla QI\ Iha 11m!llri Df&ne ycu ill"B l'iHiui"l'H Ill CGm~ lh"S ftirm :hl>u1d t>tltetlt lO lht ChKif JtdormallCl'I Officer, U.S. Paltllt and Tr$d~lfl!llk 
Ofllc~. WedlinglQn, OC 2D23t. 00 OOT SEND FEES OR COMPLETED FORMS TO THIS AOCAESS. seNO Feet! end Oondelcd Forrm IQ the 
followlng 11dth•c Cl:lmmllllllan11rfar Pa1e11i., ~ RCE, Wun!~ cc 202:51. 

Receivid from< 732 530 9808 > at ~Bro2 l:49:42 PM !Eastern Standard TlrneJ 
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02/08/02 15:49 FAY 732 530 98t0 MOSER PATTERSON SHERIDAN Zj002| iC
; FTOVSEVS0 (08-00)

Approved lor use throvah 10/91/2002 OMe 06510031 -

U.S. Patent and Trademark Offico: U.S. DEPARTMENT OF COMMERCE gVader Iho Paperwork Reduetian Act of 1045, ne parsons ane required lo respond lo a cotlection af Infarmediean undead It diaplays o valk OME ponte number, ay

CONTINUED EXAMINATION (RCE}
TRANSMITTAL F Backer

Subsection (b} of 35 U.S.C. § 122, effective on May 29, 2000, [L/S Named Inventor
provides fer continved examination of an utility or plant|@roupartunt|spplicationfiled on or after June 6, 1955, Group Art Unit 2195

See The American Inventors Protection Act of 1939 (AIPA). Aitornay + Number SRI 1P037B
This is a Request for Continued Examination (RCE) under 37 6.P.R. § 1.1714 of the above-identified application.

SOTE: 37 CFR. § 7.774 is effective on May 29, 2000, If the above-identified application was Bled prior to May 29.
2000, applicent may wish fo considerfing @ continuedproseculion application (CPA) under37 C.F.R § 1.83 id)
{FTO/S8/28) instead ofa RCE to be eligible for the patent tem adjustment provisions of the AIPA. See Changes to
Application Examination and Provisional Application Pracilca, intarim Rula, 65 Fed. Reg. 14865 (Mar. 20, 2000), 1239 Off
Gaz. Pat Offies 47 (Agr. 11, 2000), which astabiished RCE practice. ,

Submission required under 37 C.F.R. § 1.414

3.63 Previously submitted

i. BQ Consider ths amendment{(s}reply under 87 C.F.R. § 1.198 previouslyMed on 1/40/02
{Any unenterad amendment{s) referred [co above will ba antared).

i. [Consider the arguments In the Appaal Bef or Reply Brlaf previously edon_____
ii, [J Other

b. Enclosed

i J ArsandmentReply
ii Affidavil(s¥Oectaration(s}
iil, Information Disclosure Statement(10S)
Ww. Other

Miscallangous

2.] Suspension of action on the aboveddentified application ls requested under 37 C.F.R. § 1.103(c) for
a period of months. (Period of suspeneion shall pol exceed 3 months; Fee wider 37 CFR. § 1.17(1) required)

b. i] OtherExtensionRequestondFesTanemittalSheet
Tha RCE fee under 37 C.F.R § 1.17(6) ic required by 37 C.F.R. § 1.114 when Ihs RCEis fed.

a.) The Director fs hereby authorized to charge the following feas, of cradlt any overpaymarits, ta
DepositAccount No.20-0782

1, BQ) ROE fee required under 37 CFR. § 1.17(2)

ii, & Extension of ting fee (37 C.F.R. 86 1.126 and 1.17)ii. Other

b. 1] Check inthe amount of $ enclosed
e.(] Payment by credit card (Fara PTO-2096 enclosed)

SIGNATURE OFAPPLICANT, ATTORNEY, OF AGENT REQUIRED

Hegsraton No, (Atiomayagen

3‘

 
  
  

 
  

   

Burdan Hour Statement This form is estimated to take 0.2 hourt to comnmlele, Time will vary depending pon the needa of Ine Individual case.Any
cominents on the amount of trae you ars raquined fo complete itis form Should bo sent io the Chief information Officer, US, Patent and Trademarc
Office, Washington, OC 20251. D0 NOT SEND FEES OR COMPLETED FORMS TO THIS ADORESS, SEND Fees ond Completed Forms te the
fottowing sddraea: Cammussionarfor Poenis, Box RCE, Washingion, OC 20231.
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und•rlho P IWOll<ReauotlClnNit/1-· "° ~-~ , "'a eallilllll"'1 or 1n1orm-· ...... ~ di 11 a vllll~ OMS ~on!ral ~-

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(8} 
j Ol)C\(el Number (Optional) 

SR! 1P037B 

In re Applicat!Qn of HALVERSEN 

Application Number QSJaOS,872 I Aleoj Jvne 30, 2000 

For Mobile Navigalion of Network-Batied 6tectronl¢ 
lnfoJTM.tion Usina $noken lnllut 

Group Art Unit I Examiner 
2151! F. Backei-

This la a req1.111$1 under t.he provisions of 37 CFR 1.136(a) to extend th• period fOr filing a 
response in the above identified application. 

The rBCj\le.Pilled ~ension and appropri:iile non..small-8ntily fee are as follows 
(check time periW dnlred); 

!iii One month (37 CFR 1.17(8)(1)) '1.lQ.~ 

D Two months (37 CFR 1, 17(ei)(2)) • 
D lhrea months (37 CFR 1. 17(•)(3)) • 
D Four month$ (37 CFR 1.17(a){4)) $ 

D Ave months (37 CFR 1.17(a)(5-)) • 
!iii AppRcant cl~ms $mall entity status. See 37 CFR 1.27. Therefore. the fee amount shewn 

above Is reduced by o~lf. 11nd the resutling fee Is:$ §§.QQ. 

D A c:heck In 1he amount or thlil f9lil Is enc:ktsed. 

D Payment by credit carcl. Form PT0-2038 is attached. 

D The Commissioner has atreedy been authorized to charge fees rn this 
appllcallon ta a Deposit Account. 

!iii The Commissioner ls hereby authorized to charge any fees Whic:h may be n:.quired, 
or credit any overpayment, to Deposit Account Number 20-Q7B2. 
I have enclosed a duplicate copy ofthli she-el. 

I am the D epplleant/imtentor, 

0 assignee of rec:ord Of1he entire Interest. See S7 CFR: 3.71 

Statement under 37 CFF!. S.7S(b) is endosed. {Fonn PTO/SS/98). 

181 ~y oragentofreoorei. 

D attorney or '-Qentunder 37 CFR 1.34(a). 
Regi!ilralian number W aQli1g u"der3,. CFR 1.3•(a). __ , 

WARN!Ne: lnfonn:atio11 on tlllS form may becom• public. Credit card lnklrmation should not 
~included on this fonn. Provide cn:dlt card lnfonnatlon and authorization on PT0-2038. 

Febr1,1aiy B, 2002 -~ ~ 
Date Sigfliltvre -

KlN-WAH TONG 

Typed <?T prffllel;I name. 

NOTI:: Signatures ora~ tile lnv1Wlllre or ai;lliClnaM or l'C¢Otd of Ill; ;il1irc intenist 11r 1halr ~Ptt1$an!atlve(SJ el'9 required Submit mu11Jp1e 
!Orms If more tl'lan one 81!Jn11tur11 It requirod, SCIO beloW". 

'"Total or filnns are sumn1 
81Jf11en Huuir~l: 111JS form 15eanma\Bd ID..-a o.1 h111.nlo ~1111. Tlm11 \ljll wrf GQp~dng upt;111 'tllt ~a orll'la Jrn;Uvldual ca:i;;. ~ 
eomJ'fl!t\IS an 'ileammi al lm!e l'<U ~re 1'811UhKI to Clllllplllui 1hlZi kml ihou.ld R Hiii io 1111 Clllar lnfomi!llioq Offioo::r, U.S. Paiem aM 1radimart 
~. Wtelll!lgllln. OC21l231. 00 NOT SEND PliiiS OJI COlol~O FORMS TOTl'llS AOORES.S. SEND ro: Aui..t;nl ~IDloner for 
Pa11n111, Wemng,on. oc 202'1 , 

Recdved lrom < 732 5311 9808 > at ~81013:49~1 PM ~astern standard TimeJ 
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U.S, Patent and TatamarkGifics;U.S,DEPARTMENTOFCOMMERCE
Under the Pacenvork Reduction Act of 1805, no perecng ane required ie paced” boo celletion of ivanmoien uniede 7 ceabya 3 vod OMB control number

D Number (0 |
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136{a)

inre Application of HALVERSEN

Application Number 99/406, 872 Filad June 30, 2000
For Mobtle Navigaiion of Network-Based Electronic

Information Using Spoken Input
[Group Art Unit Examiner

2158 F. Backer

This is a requast under the provisions of 37 GFR 1.136{a) to extend the peried for filing a
response in the above identified application. .

The raquested axtension aid appropriate nan-smal-antity fee are as follows
(check time periog desired):

© One month (37 CFR 1.17(a)(1)) 110.00

C1 Two months (37 CFR 1.147(a)(2)) §

[LJ Thres months 7 CFR 1.17{a)(3)) $

11 Four months (87 CFR 1.17(a})) $

C) Five months (37 CFR 1.17(a)()) $

Applicant claims srnall entity status. Sea 37 CFR 1.27. Therefore, the fee amount shown
above |s raducad by one-half, and the resulting fee is: $ 55.00 .
A check in the amount of the fee is enclosed.

Payment by credit card. Form PTG-2038 is attached.
The Commissioner has already beer authorized to charge fees In this
application to a Deposit Account. ,
The Commissioner ts hereby authorized to charge any fees which may be required,
or credit any overpayment, to Depasit Account Number 20-0782 .
Ihave enclosed ¢ duplicate copy of this sheet.

Jam the LJ epplicantinventor.

E assignee of recerd ofthe entire Interest, See 37 CFR 3.74

Statement under 37 CFR 3.73(b) is enclosed, (Form PTO/SB/98}.

BI attorney or agent of record,

DC attomey or agent under 37 CFR 1.34(a}.

Registralion number it acing under? CFR 1.3afe)is

BHOO&

WARNING:Information on this form may become public, Credit card Information should nat
he included on this form. Provide credit card Information and authorization on PTO-2053.

February &, 2002 oe
a Catal Sel i?

Date Signature
KIN-WAH TONG

Typed or printed name.

NOTE: Signatures ofall the inventors or assighens of record of the entire intarast or thalr roprasentative(s} are required. Submit mullple
forms ¥ avore than one slonaiure ip required, see telew".
J "Total of forms are submilted

Budden How Stotement: THs form 5 eatiaied 15 take 0.1 hows4 camalete. Time wH very depending upon fhe seeds of ths Inghiidual cass. Any
eoninners an the amount of Gime yee are requinad to complate this fon should be sent ta Ina Colaf Information Officer, U8, Palent and Trademark.
Office, Waehingion, O¢ 20234. DO NOT SEND FRES OF COMPLETES FORMS TO THIS AOORESS. SENG TO: Asaistanl Gommiasioner for
Patera, Washingon, OC 29291,

Recetved from < 732 530 9908 > at 218102 3:49:42 PM [Eastem Standard Time]
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.. 
U"'lil"ttw.~Re~uctlcn • cl1!19S.n·--OM!li ""'4!!!10re IC" oollllotllr! llflfltormali unl!=o.!l id OMl-lnll "" 

PEl'ITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(0!) 
I Oacket Number {Op11cnal) 

. SRI 11"1l376 

Jn "" Application of HAL VERSEN 

Application Number 09/608,812 """" June 30, 2000 

For Mobile Navisation of Network-Based Electronle 
- Information usJ- Seo' 1n~ut 

Group Art Unit Examiner 
2155 F. eackl!r 

This !Sa request under the provisions of37 CFR 1.136{a) to extend the perJod fOrfi!lng a 
fe5p011se in the above ldenttlied eppUcetlon. 

The requested extension and appropriate non-smaU-entlty fee all! as follows 
(cheek time pertod des!rad): 

181 One month {37 CFR 1.17(e)(1)) $110.00 

D Two monuis (g7 CFR 1.17{a)(2)) $ 

D Three months (37 CFR 1.17(a)(3)) $ 

D F~r months (37 CFR 1.17(8)(4)} $ 

D Frve months (37 CFR 1.17(a)(5)) $ 

181 Applic:;int claims small enmy status. See 37 Cl='R 127. Thi;.l'Qfol'Q, the fee amount Wiown 
above Is red1,1c:ed by one-half, and the re!ultrng fee Jsi: $ ~. 

D A Oheck In this amount of the: fee iS enclosed. 

D Payment by crisdit ca rel. Form PT0-2036 Is attached. 

D The Commissioner has a!ready been authorized to charge fees In thl11 
applleatton to 11 DepOSit Account 

181 The Commlul!'lner m hereby authoriZed to charge anyfee.s which may be required, 
or eredit anv overpayment. to Deposit Account Number 20-07a2 . 
I h.11.ve endosed a dup!leate copy OfthlS sheet 

I am the D apPltcantlinveritor. 

CJ agsignee of ~rd of' the cntite inWre~. See.37 CFR 3.71 

Slititemenl under 37 CFR 3.73(b) ts enclosed. (Form PTOISBJ96). 

~ attorney or l!lgent of record. 

D attorney or agent uncler37 CFR 1.S4{a). 
Res~ numbir ffadll'lll und.r !7 tJFR 1.:J4.(a). _ . 

WARNING: Information on this tonn may become public. Crtdlt card infonnation should not 
be Included on this fonn. Provide midit card Information and authorization on PT0-2038. 

Febr\lary S, 2002 . z-: 
Date, srgnature -

KIN-WAH TON~ 
Typed: or Printed name 

NOTE; S111na11,11ea Df all Iha ln'ICn\OP .,, a~llign!K& of ,,i:i;ird Ol 11'1!1 'l=ntlre! W...t or lh&;r rep!C$o;nldva{&) at11 required. Sutim~ mumple 
f«mt It moretllan g1111 llgnattn Is ~ulred, lite~. 

"Total of f1;1rm; are subm1tte.i. I 

'llurd!n HQUr et;ti;:m~rll: Tllll fOITTI 1& 9d'nltlfl0 IQ lal:ii 0.1 ~Cllll" 111 DDmplslb, lhle wll VS'/ d~pmd111q ui>Q11 lhe Mllllli Ill tho fndMdusl ca•e. Any 
cmlM!llS 11n 1h• mnDun! oltil'/I~ )'tllJ sra ro<111ircdt.I .!llmpial9 11!1' 10ffll •llirukl bo P11l ID1!1e C!llel Jnl'oonalion Ofiioer, uA Palel'lt and Trodem&lk 
01!1~. 1/llU~"1gton, DC 2023i. CO NOT ~C FBlii~ QR COMP~~ ~ORMS TO THiii! ~IJRESS. SENO TO; ~tarn: C:Dmmi .. ionet ror 
Pa~. Wuhi~glM, OC 20231. 

Received fiom < 712 !30 9808 > at V8112 3:19:12 PM ~astern standii'd Time) 
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U.S. Patent and TesdemarkOffier:U.S,DEPARTMENTOFGOMMERCE
Under the Paparwirk Reduciion ct cl 1905, ng persone are fequined fo (eapond (06 codection of informedon unless i dleotays 5 valid] OMB exsilrod number,

Dacket Number (0)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR1.136(a)

In re Application of HALVERSEN

Application Number 09/608,872|Filed Juns 36, 2000
For Mobile Navigation of Network-Based Electronic

. infomation Using Spoken Input

Group Art Unit Examiner
2155 F. Backer

This is a request underthe provisions of 47 CFR 1.136{a) to extend the period forfiling a
response in the above identified application.

The requested extension and appropriate non-emall-antity fee are as follows
(check time perlod desired):

GI One month (37 CFR 1.17(@)(1)) $110.00

(Two monins (37 CFR 1.17(a}(2)) $

(1 Three months (87 CFR 1.17(e}3) $

[Cs Four months (37 CFR 1.17(@)(4)} $

() Five months (37 GFR 1.17(a5)) §
>ai

Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fea emaunt shown
above Is reduced by ons-half, and the resulting fee is: $ 55.59 -
A check in the amount of the fae is enclosed.

Payment by credit card, Form PTO-2058is attached,
The Commissioner has already been authorized to charge fees in this
applleation te a Deposit Account,
The Commissionar is hereby authorized ta charge any fees which may be required,
or credit any overpayment, to Deposit Account Number 2049782 .
ihave enclosed a duplicate copy ofthis sheet.

iam the C] appiicantinventor. :

CO assignee of record of the entire interest. See 37 CFR 3.71

Statement under 37 CER 3.7300) ls enclosed. (Form PTOsSB/96),

&9 attorney or agentof record.

CF attorney o agent under 37 CFR 1.34{a).
Registration number facing under 87 CFR 134{a).

HOOO

WARNING:Infarrnation on this form may become public. Credit card information should not
be Included on this form. Provide credit card information and authorization on PTO-2038.

February 8, 2002 wie oe Z
Date. Signature

KIN-WWAH TONG

Typedior printed name

NOTE: Signalwes of all the Inventors or gesignees of record of the eniire intacest or ihew representadve(s) ars required, Submit mulliple
forms Hmere then one signature Is required, see balow*.
Lt “Total of forms are submited.

Burden Hour Stetemenl Thle form Is selmaled to eke 0.1 Hours 10 compisle, The wil very depending weer he needs of the individual casp. Any
comments an the amount oftime you ara requiredda somplate thie fermi shaukd bo seal to the Chief Infocnation Officer, U.S. Patent and Tredemark
OFcw, Vitahingion, OC 20231. DO NOT SEND FEES OR COMPLETEO FORMS TO THIS ADDRESS. SEND TO; Apetatant Commissioner for
Patents, Washington, OF 20231,

Received from < 732 $30 0808> at 218/02 3:40:42 PAM [Eastern Standard Time]
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under the Papurwor~ Rodu~bcn Act ol 1~. nc por•ol\8 arc requlrad to mpood tc" -oolltction ~ fnf0!!1111li0n !¥'lie~ ft dlsplaya 11 vaid OMEI conlrol number. 

FEE TRANSMITTAL 
C<lmplato Jf Known 

Appl<:aUcm Nunber 09160!,672 

forFY2002 FIUng Di\"' June 30, 2000 

Flrsl folamed lnl'E!nlor Hafvarsen 
Pa/Qnt IHs a1e sub}oct lo Bl>llUBI /9\ll'!lo11o Examiner Nam"' F. Backer 

G1otrp I An Unit :.i:166 

TOTALAMOUNTOFPAYMENT [ ($) "' A.11omay Ood\d No. SRI 1P0379. 

NalHOO OF PAYMl!.NT I~ on• i'EE CALCU~TION tconlh~ 

" 
,. ihe Cornmillsk>ner IS hereby au~ to dllrge 3. ADDITIONAL ~CES 

lndlcal•d foes arid credit my c>m pii)mllllll 1<>: - ..... 
~- ... 

De~~ 
12().0782 I 

... ,_ ... - Fff DtscslpUon 
~m .. ,_ ,. 

-~· -·· 'M ,00 >M .. Suroh~rge • lale min!! fee« oath 

'~ " 'v " SurdllQt - Mie pfO'llslonal nlllig '°" 
D•pi>SI I I 

orcowrshMl _ .. 
·~ '" ,00 •oo Non-EngUsn 1pe0lloa!i0o ·-· ,., '·"" '" "'' For filing a 11!q118SI fjjl' raax11mtlaliQn 

Im ctiwge Any Addlllonai F•• Re""""" ,,, - '" 
,,,. Roq11esllng puhlblllon .:ir SIR prtor t9 

lklder37 GFR 1.16and 1.17 ~~il'acllC!I 
Ci!3 A~pljcan! ci'lms 1rT111m entll\I SIMUI. ,,, '·- '" ··- Req~i>stlng publloati~n ~SIR .after 

SM~7CFR 1.?T Eitmnlner action 

'· ~ ~yment Enct:laed: 

'" '" 
,,, .. ertetl•lon 1er repiywllhln mt month 

ca.~ a Credll cEl"d a"""' a °"" '" •oo ,,, 
"' Exlenoi<ln IC< rcpl)'~ S<ICCnd ,.. ·-ree CALCULATION "' = '" - Eldemlon fat reply wit>'fl lhlrd monl> 

"' '·"" 
,,, no Exlenalcn !or ~ly wtflln fl>ur1h 

•• eASIC FILING FEE ~~ 

~-· ""' Small """ ,,. "" 
,,, •oo &1..-l•lcn lorreplywlllltl fifth mor>lh 

'" '" "'" '" Pe. OnOllpUQn "' •• ,,, 
'" Notice cl Appeal 

Co~• '" "''' "' ,. .. !'flld ,,, ., = ,00 Filing a brltf In $Llppcol cl an app~~ 

"' 
,,,, 

'"' 'ro Utlllly lilngfN 

§ "' 
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Application No. 

09/608,872 

Applicant(s) 

HALVERSEN ET AL. 

Office Action Summary 
Exanliner Art Unit 

Firmin Backer 2155 

- The MA/UNG DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
• Extt111sions of lime may be available under the provisio:ins of 37 CFR 1.1311 (a). In no event. however, may a reply be timf!ly!lled 

afttl'f" SJX (6) MONTHS from tloe mqlling dalti of !Ills communica(ion. 
- If the pefiGd for reply specified above is less than thirty (30) days, a reply within the sta1utary minimum of thirty (30) days will t:>a considered timely. 
- If NO period for reply is specified abo:we, the maxi~m l!latutory period will apply alld will expire SIX (15) MONTHS from the ~Ulng date of this communication. 
- Failure lo reply within lhe set Of e:<tended peril;.id for raply will, by statute, cause ttie applkalioo lo b8oome ABANDONED {35 U.S.C. § 133) . 
• Any reply received by the Office later than three mooths afler1he mailing dale of this e<immu~lcation. even iftimelyfiled, may reduce any 
eame~ patent l'ITTfl Qdjustment. Sile 37 CFR 1.704(b). 

Status 

Responsive to communication(s) filed on 08 February 2002. 

This action is FJNAL. 2b}f21 This action is non-final. 

1)12] 

2a)0 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8] Claim(s) 56-82 is/are pending in the application. 

4a) Of the above c/aim(s) ~is/are withdrawn from consideration. 

5)0 Claim(s) _IS/are allowed. 

S)fZJ ClaJm(s) 56-82 is/are rejected. 

7)0 Claim(s) _is/are objected to. 

8)0 Claims __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 Tile specification is objected to by the Examiner. 

10)0 The drawing(s) filed on_ is/are objected to by the Examiner. 

11)0 The proposed drawing correction fifed on __ is: a)O approved b)O disapproved. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

13)0 Acknowfedgmefit is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some• c)O None of: 

1.0 Certified copies of the priortty documents have been received. 

2.0 Certified copies of the priority documents have tJeen received In Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National stage 
applJcation from the International Bureau (PCT Rule 17.2(a)). 

"See the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment(s) 

15) 0 NotiCe Qf Refer«iaes Cited (PT0-892) 

16) 0 Notioe of Draftsperson's Patent Drawing Review (PT0-948) 

16) 0 Interview Summary (PT0-413) Paper No(s). _. 

19) 0 Notice of Informal Patent Applicatlon (PT0-152) 

17) 0 Information Disoloswre Statement(s) (PT0-1449) Paper No(s) __ . 20} 0 Other: 

US Patcn1 andTr~emari< OffK:<i! 
PT0-326 (Rev. 01 ·01) Office Action Summary Part of Paper No. 4 
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Application/Control Numb 09/608,872 

Art Unit: 2155 

Continued ExaminatWn Under 37 CFR 1.114 

Page 1 

1. A request for continued examination under 37 CFR 1.114, including the fee set forth in 

37 CFR 1.17( e), was filed in this application after fmal rejection. Since this application is 

eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1. I 7(e) 

has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 

37 CFR 1.114. Applicant's submission filed on February s", 2002 has been entered. 

Double Patenting 

2. The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. See In re Goodman, 11F.3d1046, 29 USPQ2d 2010 (Fed. 
Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 
F.2d 937, 214 USPQ 761(CCPA1982); In re Vogel, 422 F.2d438, 164 USPQ 619 (CCPA 
1970); and, In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CPR 1.32 l(c) may be used to 
overcome an actual or provisional rejection based on a nonstatutory double patenting ground 
provided the conflicting application or patent is shown to be commonly owned with this 
application. See 37 CFR l.130(b). 

Effective January 1, 1994, a registered attorney or agent of record may sign a tenninal 
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 
CFR3.73(b). 

3. Claims 56-82 are provisionally rejected under the judicially created doctrine of double 

patenting over claims 56-126 ofcopending Application No. 09/524,095. This is a provisional 

double patenting rejection since the conflicting claims have not yet been patented. 

The subject matter claimed in the instant application is fully disclosed in the referenced 

copending application and would be covered by any patent granted on that copending application 

since the referenced copending application and the instant application· are claiming common 

subject matter, as follows. Although the conflicting claims are not identical, they are not 
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patentably distinct from each other because it would have been obvious to one of ordinary skill 

in the art to observed that the omission of the limitations "soliciting additional input from the 

user, including user interaction in a modality different that the original request and, 

refining the navigation query, based upon the additional input", of applicant claims 56-82 

are already in the Co-pending application 09/524,095, as such they are obvious variation of the 

inventive concept defined in claims 56-126 of the Co-pending application 09/524,095. See In re 

Karlson, 136USPQ 184 (CCPA 1963). This is a provisional obviousness-type double patenting 

rejection because the conflicting claims have not in fact been patented. 

Claim Rejections- 35 USC§ 102 

4. The following is a quotation of the appropriate paragraphs of35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the United 
States before the invention thereof by the applicant-for patent, or on an international application by another who 
has fulfilled the requirements of paragraphs (!), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent._ · 

5. Claims 56-82 are rejected under 3 5 U.S. C. 102( e) as being anticipated by Levin et al. 

(U.S. Patent No. 6, 173,279). 

6. As per claim 56, Levin et al teach a method for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless communication (see abstract, fig 
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I, column 3 lines 5-35), comprising receiving a spoken request (receive a natural language 

query) for desired information from the user (user, 112) utilizing the mobile infonnation 

appliance (PC, 102) of the user; rendering an interpretation (creating a semantic representation) 

of the spoken request, constructing a navigation (generating search) query based upon the 

interpretation; utilizing the navigation query to select a portion of the electronic data source; and 

transmitting (sending) the selected portion of the electronic data source from the network server 

to the mobile information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, 

see also claim I, JO, 22) 

7. As per claim 57, 58, 62-64, Levin et al teach a method of rendering the interpretation of 

the spoken request is perfonned at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, Jig 1, column 3 lines 5-35). 

8. As per claim 59, Levin et al teach a method of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim 1, JO, 22). 

9. As per claim 60, Levin et al teach a method wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 61-67). 
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10. As per claim 61, Levin et al teach a method wherein steps (a)-(d) are performed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

11. As per claim 65, Levin et al teach a computer system for speech-based navigation 

(information server, 110) of an electronic data source located at one or more network servers 

located remotely from a user, wherein at least a portion of a data link between a mobile 

information appliance of the user and the one or more network servers utilizes wireless 

communication (see abstract, fig 1, column 3 lines 5-35), comprising a code segment receiving a 

spoken request (receive a natural language query) for desired information from the user (user) 

utilizing the mobile information appliance (PC, 102) of the user; a code segment rendering an 

interpretation (creating a semantic representation) of the spoken request, a code segment 

constructing a navigation (generating search) query based upon the interpretation; a code 

segment utilizing the navigation query to select a portion of the electronic data source; and a 

code segment transmitting the selected portion of the electronic data source from the network 

server to the mobile information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 

line 5, see also claim 1, JO, 22). 

12. As per claim 66, 67, 71-73, Levin et al teach a system of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 
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13. As per claim 68, Levin et al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, JO, 22). 

14. As per claim 69, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig I, column 2 line 61-67). 

15. As per claim 70, Levin et al teach a system wherein steps (a)-(d) are performed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

16. As per claim 74, Levin et al teach a system for speech-based navigation (information 

server, J JO) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless communication (see abstract, fig 

I, column 3 lines 5-35), comprising receiving a spoken request (receive a natural language 

query) for desired information from the user (user) utilizing the mobile information appliance 

(PC, 102) of the user; rendering an interpretation (creating a semantic representation) of the 

spoken request, constructing a navigation (generating search) query based upon the 

interpretation; utilizing the navigation query to select a portion of the electronic data source; and 

transmitting the selected portion of the electronic data source from the network server to the 
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mobile information appliance of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, JO, 22) 

17. As per claim 75, 76, 80-81, Levin et al teach a method of rendering the interpretation of 

the spoken request is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

18. As per claim 77, Levin et al teach a system of soliciting additional input from the user, 

including user interaction i11 a modality different than the original request; refi11ing the 

navigation query, based upon the additional input; and using the refined navigation query to 

select a portion of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see 

also claim I, JO, 22). 

19. As per claim 78, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig/, column 2 line 61-61). 

20. As per claim 79, Levin et al teach a system wherein steps (a)-( d) are peiformed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 
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21. Applicant's arguments filed on September 26th, 2001 have been fully considered but they 

are not persuasive. 

a. Applicant argues that the prior art "fails to teach or suggest the novel concept of 

speech-based navigation where the method receives spoken request for desired 

information from the user utilizing the mobile information appliance of the user and 

where in turn the selected electronic data source from the network server is transmitted to 

the mobile information appliance of the user." Examiner respectfully disagrees with the 

applicant perspective and characterization of Levin inventive concept. Levin teach that 

the URL for a data resource is inputted into PC 102 either by typing the request using a 

keyboard 104 or by speaking the request into a microphone 1 OS, which is considered to 

be a mobile appliance of the user. Furthermore, Levin et al indicate that the spoken 

requests either from a PC microphone 105 or from a telephone 103 can be handled by a 

speech recognition system residing at the information server (see column 4 lines 7-22). 

Applicant further argues that the prior art "fails to teach or suggest that the selected 

electronic data source from the network server is transmitted to the mobile information 

appliance of the user." Examiner respectfully disagrees with the applicant perspective and 

characterization of Levin inventive concept. Levin teach that once an information server 

is accessed, the user can send a text or a spoken query requesting a particular action or 

service (step 204), for example: "call the pizza place on Main Street in Westfield". The 

query is received by the access server 106 and the natural language query is sent to the 

information server 110 via packet network 108. It is to be understood that the packet 
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network l 08 may be connected to a plurality of information servers which each relate to 

one or more particular information services, or there may be a single centralized 

information server 110 which is accessed by all information services which are capable 

of receiving and processing natural language queries and contains at least some of the 

data resources (e.g., URLs and associated site/service-specific grammars) capable of 

receiving and responding to a natural language query. It is obvious inventive concept 

referring to response is in the field of sending or transmitting the requested information to 

the user. Moreover, it is understood in the art of information request, in order to complete 

the transaction, the host must transmit to the requester the requested information. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Firmin Backer whose telephone number is 703-305-0624. The 

examiner can normally be reached on Mon-Thu 8:30-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sheikh Ayaz can be reached on 703-305-9648. The fax phone numbers for the 

organization where this application or proceeding is assigned are 703-746-7239 for regular 

communications and 703-746-7238 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the receptionist whose telephone number is 703-305-3900. 

' 

~ 

in Bae er 
ruary 4, 2002 

' 

A~ SHEIKH 
SUPERVISORY PATENT EXAMINER 

1 ECHNOLOGY CENTER 2100 
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network 108 may be connected to a plurality of information servers which eachrelate to

one or more particular information services, or there may be a single centralized

information server 110 which is accessed by all information services which are capable

of receiving and processing natural language queries and contains at least some of the

data resources(e.g., URLs and associatedsite/service-specific grammars) capable of

receiving and responding to a natural language query. It is obvious inventive concept

referring to response is in the field of sending or transmitting the requested information to

the user. Moreover, it is understoodin the art of information request, in order to complete

the transaction, the host must transmit to the requester the requested information.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Firmin Backer whose telephone numberis 703-305-0624, The

examiner can normally be reached on Mon-Thu 8:30-6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sheikh Ayaz can be reached on 703-305-9648, The fax phone numbers for the
organization where this application or proceeding is assigned are 703-746-7239 for regular
communications and 703-746-7238 for After Final communications.

Any inquiry of a general nature orrelating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is 703-305-3900.
¥

irmin Backer SUPERVISORY PATENT EXAMINER
February 14, 2002 TECHNOLOGY CENTER 2100
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Applicant: Halverson et al. 

Casa: SRl1 P037B 

Serial No.: 091608,872 Filed: June 30, 2000 

Group Art Unit: 2155 

Examiner: Firmin Backer 

@005 

Titte: MOSILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION 
USING SPOKEN INPUT 

ASSISTANT COMMISSIONER FOR PATENTS 
Box Non-Fee Amendment 
Washington, D. C. 20231 

SIR: 

AMENDMENT AND RESPONSE UNDER 37 C.F.R. § 1.111 

This amendment addresses the Office Action dated February 19, 2002 (Paper 

No. 19). 

IN THE CLAIMS 
/ / / 

Please amend claims 56, 65 and 74 as shown below. These claims are 

uc;:lean version" of the amended claims, i.e., with changes incorporated into the 

claims, whereas the Appendix to this Amendment illustrates the amended ii;;claims 

using underlines and brackets to indicate addition and deletion, respectively. 

I ;n'. (Twice Amended) A method for speech-based navigation of an electronic data 

sotJrce located at one or more network servers located remotely from a user, wherein a 

data link Is established between a mobile infonnatlon appliance bf the user and the one 

or more network servers, comprising the steps of: 

1 
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INTHE UNITED STATES
PATENT AND TRADEMARK OFFICE

PATENT APPLICATION ftap A}
Applicant: Halversonetal. J. (, MO
Case: SRIMP037B | Q[GOl
Serial No.: 09/608,872 Filed: June 30, 2000

Group Art Und: 2755

Examiner: Firmin Backer

Title: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION
USING SPOKEN INPUT,

ASSISTANT COMMISSIONER FOR PATENTS
Box Non-Fee Amendment

Washington, DB. C, 20231

' 51R:

AMENDMENT AND RESPONSE UNDER 37 CFR. § 1.111
This amendment addresses the Office Action dated February 19, 2002(Paper

No. 19).

INTHECLAIMS

Please amend claims 56, 6and Thas shown below. These claims are
“elaan version” of the amended claims,i.¢., with changes incorporated into the

claims, Whereas the Appendix to this Amendmentillustrates the amended claims

using underlines and brackets fo indicate addition and deletion, respectively.

pe (Twice Amended) A method for speech-based navigation of an electronic data
source located at one or rnore network servers located remotely from a user, wherein a

| data link is established between a mobile information appliance of the user and the one
; or more network servers, comprising the stepsof:
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(a) receiving a spoken request for desired information from the user utilizing the 

mobile information appliance of the user, wherein said mobile information appliance 

comprises a portable remote control device or a set-top box for a television; 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the interpretation; 

(d) utilizing the navigation query to select a portion of the electronic data source; 

and 

(e) transmitting the selected portion of the electronic data source from the 

network seJVer to the mobile information appliance of the user. 

\ o )i'?. (Twice Amended) A computer program embodied on a computer readable 

medium far speech-based navigation of an electronic data source located at one or 

more network servers located remotely from a user, wherein a data link is established 

between a mobile information appliance of the user and the one or more network 

servers, comprising: 

(a} a code segment that receives a spoken request for desired infonnation from 

the user utilizing the mobile Information appliance of the user, wherein said mobile 

information appliance comprises a portable remote control device or a set-top box for a 

television; 

(b) a code segment that renders an interpretation of the spoken request; 

(c) a code segment that constructs a navigation query based upon the 

interpretation; 

( d} a code segment that utilizes the navigation query to select a portion of the 

electronic data source; and 

(e) a code segment that transmits the selected portion of the electronic data 

source from the network seiver to the mobile infonnation i;ippliance of the user. 

\ '\ ,;J-<. (Amended) A system for speech-based navigation of an electronic data source 

located at one or more net.Nork servera located remotely from a user, comprising: 

(a) a mobile information appliance operable to receive a spoken request for 

desired information from the user, wherein said mobile information appliance comprises 

2 
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(a) receiving a spoken request for desired information from the userutilizing the

mobile information appliance of the user, wherein said mobile information appliance

comprises a portable remote control device or a set-top box far a television;Vv (0) rendering an interpretation of the spoken request;
(c} constructing a navigation query based upon the interpretation;

(d) utilizing the navigation query to select a portion of the electronic data source;

and

(e) transmitting the selected portion of the electronic data source from the

network server to the mobile information appllance of the user.

\O . (Twice Amended} A computer program embodied on a compuier readable

medium for speech-based navigation of an electronic data source located at one or

more néiwork servers located remotely fram a user, wherein a data link is established

between a mobile information appliance of the user and the one or more network

servers, comprising:

(a) a code segmentthat receives a spoken request for desired information from
the userutilizing the mobile information appliance of the user, wherein said mobile

i ( AL information appliance comprises a portable remote control device or a set-top box fer a
a television;

(b) a code segmentthat renders an interpretation of the spoken request
{c) a codé segmentthat constructs a navigation query based upon the

interpretation;

(d} & code segmentthat utilizes the navigation query to select a portion of the

electronic data Source; and

(e) a code segmentthat transmits the selected portion of the electronic data

source from the network server to the mobile information appliance of the user.

\ \ u& (Amended) A systern for speech-based navigation of an electronic data source
rn located at one or more network servers located remotely from a user, comprising:

{ -) (&) a mobile information appliance operable to receive a spoken request for
desired information from the user, wherein said mobile information appliance comprises

2
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a portable remote control device or a set-top box for a television; 

(b) spoken language processing logic. operable to render an interpretation of the 

spoken request 

(c) query construction logic, operable to construct a navigation query based upon 

the interpretation; 

(d) navigation logic, operable to select a portion of the electronic data source 

using the navigation query, and 

(e) electronic communications infrastructure for transmitting the selected portion 

of the electronic data source from the network server to the mobile information 

appliance of the user. 

REMARKS 

Applicants' representative would like 1o thank Primary Examiner David Wiley for 

kindly taking a substantial amount of time on May 23, 2002 to discuss the mertts of the 

subject invention in a face-to-face Examiner Interview. Applicants' representative is 

aware of the time constraint that is placed on the Examiner and is appreciative of the 

Examiner's willingness to devote such large quantity of time to discuss the case on the 

merit. 

In view of the following discussion, the Applicants submit that none of the claims 

now pending in the application are anticipated under the provisions of35 U.S.C. § 102. 

Thus, the Applicants believe that all of these claims are now in allow8ble form. 

I. REJECTION OF CLAIMS 56=!!2 UNDER DOUBLE PATENTING 

ihe Examiner provisionally rejected claims 56-82 in Paragraphs 2-3 of the Office 

Action based on the judicially created doctrine of obviousness-type double patenting as 

being unpatentable over claims 56-126 of copending Application No. 09/524,095. 

Responsive to the Examiner, Applicants provisionally agree to file a terminal 

dlsclaimer to resolve the present Judicially created doctrtne of obviousness--type double 

patenting rejection If and when one of the applications is finally allowed. In accordance 

with MPEP 804 l.B, "if the 'provisional' double patenting rejection in one application is 
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a portable remote control device or a set-top box fora television;

(b) spoken language processing logic, operable to renderan interpretation of the
spoken request,

(c) query construction logic, operable to construct a navigation query based upon
the interpretation;

(d) navigation logic, operable to select a portion of the electronic data source

using the navigation query, and

(e) electronic communications infrastructure for transmitting the selected portion

of the electronic data source from the network server to the mobile information

appliance of the user.

REMARKS

Applicants’ representative would like to thank Primary Examiner David Wiley for

kindly taking a substantial amount of time on May 23, 2002 to discuss the merits of the

subject invention in a face-to-face Examiner Interview. Applicants’ representative is

aware of the time constraint that is placed on the Examiner and js appreciative of the
Examiner's willingness to devote such large quantity of time to discuss the case on the

merit.

in view of the following discussion, the Applicants submit that none of the claims

now pendingin the application are anticipated under the provisions of 35 U.S.C. § 102.

Thus, the Applicants believe that all of these claims are now in allowabie form.

|. REJECTION OF CLAIMS 56-82 UNDER DOUBLE PATENTING |
The Examinerprovisionally rejected clairns 56-32 in Paragraphs 2-3 of the Office

Action based on the judicially created doctrine of obviousness-type double patenting as

being unpatentable over claims 56-126 of copending Application No. 09/524,095.

Responsive to the Examiner, Applicants provisionally agree to file a terminal

disclaimer to resolve the present judicially created doctrine of obviousness-type double

patenting rejection if and when oneof the applicationsis finally allowed, In accordance
with MPEP 804 |.B,“if the ‘provisional’ double patenting rejection in one application is
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the only rejection remaining in that application, the examiner should then withdraw that 

rejection and permit the appllcation to issue as a patent. thereby converting the 

'provisional' doubling patenting rejection in the other application(s) Into a double 

patenting rejection at the time the one application Issues as a patenr. As such, 

Applicants will file a terminal disclaimer in the future, if necessary. 

II. REJECTION OF CLAIMS 56-82 UNDeR 35U,S.C.§102 

The Examiner has again rejected claims 56-82 in Paragraphs 4-20 of the Office 

Action as being anticipated by the Levin et al. patent (US Patent 6, 173,279 issued 

January 9, 2001, hereinafter referred to as Levin). The rejection is respectfully 

traversed. 

Levin teaches "a method of using at least one natural language query to retrieve 

Information from one or more data reisources and further performing a requested action 

using the retrleved information is disclosed". (See Levln, Column 2, lines 15-18) 

Namely, Levin teaches a method for using natural language query to obtain Information, 

where upon receipt of the requested Information, a desired action Is executed based 

upon the requested information. To illustrate, Levin provides the example, where a 

user employs natural language to request the telephone number of a restaurant Upon 

receipt of the telephone number, the telephone number is actually d!aled for the user. 

{See Levin, Column 3 line 62 to Column 4, line 1) 

In contrast, Levin falls to teach or suggest the novel concept of speech-based 

navigation where the method receives spoken reouest for desired information from the 

user utilizing the mobile information appliance of the user, wherein said mobile 

Information appliance comprises a portable remote control device or a set-top box for a 

television. Specifically, Applicants' independent claims 56, 65 and 74 positively recite: 

56. A method for speech-based navigation of an electronic data source 
located at one or more network seivers located remotely from a user, wherein a 
data link Is established between a mobile information appliance of the user and 
the one or more network servers, comprising the steps of: 

(a) receiving a spoken request for desired information from the user 
utilizing the mobile information appliance of the user. wherein said mobile 

4 
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Information appliance comprises a portable remote control device or a set-top 
box for a television; 

(b) rendering an interpretation of the spoken request; 
(c) constructing a navigation query based upon the interpretation; 
(d)utilizing the navigation query to select a portion of the electronic data 

source; and 
(e) transmitting the selected portion of the electronic data source from the 

network server to the mobile infonnation appliance of the user. (emphasis 
added) 

65. A computer program embodied on a computer readable medium for 
speech-based navigation of an electronic data source located at one or more 
network servers loca1ed remotely from a user, wherein a data link is established 
between a mobile information appliance of the user and the one or more network 
servers, comprising: 

(a) a code seoment that receives a spoken request for desired information 
from the user µtiliz!ng the mobile jnformatjon appliance of the yser. wherein said 
mobile information appliance comprises a portable remote control device or a 
set·top box for a television; 

{b) a code segment that renders an interpretation of the spoken request; 
(c) a code segment that constructs a navigation query based upon the 

interpretation; 
(d) a code segment that utilizes the navigation query to select a portion of 

the eleetronic data source; and 
( e) a code segment that transmits the selected portion of the electronic 

data source from the network server to the mobile information appliance of the 
user. {emphasis added) 

74. A system for speech-based navigation of an electronic data source 
located at one or more ·network seNers located remotely from a user, 
comprising: 

(a) 

(b) 

{c) 

{d) 

a mobile information appliance ooemble to receive a spoken 
request for desimd information from the user, wherein said mobile 
information appliance comprises a Portable remote control device 
or a set-top box for a television; 
spoken language pmcesslng logic, operable to render an 
interpretation of the spoken request; 
query construction logic, operable to construct a navigation query 
based upon the interpretation; 
navigation logic, operable to select a portion of the electronic data 
source using the navigation query, and 

(e) electronic communications infrastructure for transmitting the 
selected portion of the electronlc data source from the network server to the 
mobile information appliance of the user. (emphasis added) 
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Applicants' Invention teaches a novel method and apparatus for speech-based 

navigation where the method receives spoken request for desired information from the 

user utilizing the mobile information appliance of the user. wherein said mobile 

information appliance comprises a oortable remote control device or a set-too box for a 

televlsion. This teaching is completely absent In the Levin reference. 

During the Examiner Interview, Primary Examiner David Wiley indicated that a 

specific identification of the mobile information appliance that comprises a portabJe 

remote control device or a set-top box for a television would likely overcome the Levin 

reference. 

Therefore, the Applicants respectfully submit that independent claims 56, 65 and 

74 are not anticipated by the Levin reference. As such, claims 56, 65 and 74 fully 

satisfy the requirements of 35 U.S.C. §102 and are patentable thereunder. 

Claims 57-64, 66-73 and 75-82 depend, either directly or indirectly, from claims 

56, 65 and 74 and recite additional features therefor. Since Levin falls to anticipate 

Applicants' invention as recited In Applicants' independent claims 56, 65 and 74, 

dependent claims 57-64, 66-73 and 75-B2 are also not anticipated under 35 U.S.C. § 

102 and are allowable for the same reason noted above. 

COnclusJon 

Thus, the Applicants submit that all of these claims now fully satisfy the 

requirements of 35 U.S.C. §102. Consequenfly, the Applicants believe that all these 

claims are presently in condition for allowance. Accordingly, botli. reconsideration of 

this application and its swift passage to issue are earnestly solicited. 

If. however, the Examiner belleves that there are any unresolved issues requiring 

the issuance of a final action in any of the daims now pending In the application, it is 

requested that the Examiner telephone MG Kin-Wah Tong, Esq. at (732) 530-9404 so 

that appropriate arrangements can be made for resolving such issues as expeditiously 

as possible. 
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Appendix 
{Marked-up copy of amended claims) 

56. (Twice Amended) A method for speech-based navigetion of an electronic data 

source located at one or more network servers located remotely from a user, wherein a 

data link is established between a mobile information appliance of the user and the one 

or more network seivers, comprising the steps of: 

(a} receiving a spoken request for desired Information from the user utilizing the 

mobile infOnnatron appliance of the user, wherein said mobile information appliance 

comprises a portable remote control deyice or a set-too box for a television; 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the interpretation; 

(d)utilizing the navlga1ion query1o selec1 a portion of the elec1ronic data source; 

and 

(e) transmitting the selected portion of the electronic data source from the 

network server to the mobile information appliance of the user[, wherein at least a 

portion of said data link between said mobile informetion appliance of the user and the 

one or more network servers utilizes wireless communication]. 

65. (Twice Amended) A computer program embodied on a computer readable 

medium for speech-based navigation of an electronic data source located at one or 

more network servers located remotely from a user, wherein a data link is established 

between a mobile information appliance of the user and the one or more network 

servers, comprising: 

(a) a code segment that receives a spoken request for desired Information from 

the user utilizing the mobile information appliance of the user. wherein said mobile 

information appliance comprises a oortable remote control device or a set-top box tor a 

television; 

(b) a code segment that renders an interpretation of the spoken request 

(c) a code segment that constructs -a navigation query based upon the 

interpretation; 

8 
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(d) a code segment that utilizes the navigation query to select a portion of the 

electronic data source; and 

141013 

(e) a code segment that transmits the selected portion of the electron le data 

source frorn the network server to the mobile information appliance of the user[, 

wherein at least a portion of said data link between said mobile info11T1ation appliance of 

the user and the one or more network servers utilizes wireless communication]. 

74. (Amended) A system for speech~based navigation of an electronic data source 

located at one or more network servers located remotely from a user, comprising: 

(a) a mobile information appliance operable to receive a spoken request for 

desired information from the user. wherejn said mobile lnfoqnatlon appliance comprises 

a portable remote control device or a set-top box for a television; 

{b) spoken language processing logic, operable to render an Interpretation of the 

spoken request; 

{c) query construction logic, operable to constn..tct a navigation query based upon 

the interpretation; 

(d) navigation logic, operable to select a portion of the electronic data source 

using the navigation query, and 

(e) electronic communications infrastructure for transmitting the selected portion 

of the electronlc data source from the network server to the mobile information 

app!iance of the user{, wherein at least a portion of a data link of the electronic 

communications Infrastructure between a mobile information appUance of the user and 

the one or more ne'l\Nork servers utilizes wireless communication]. 
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(d} a code segmentthat utilizes the navigation quary to select a portion of the

electronic data source; and

(e) a code segmentthat transmits the selected portion of the electronic data

source from the network serverto themobile information appliance of the userf,

wherein at least a portion of said data link between said mobile information appliance of

the user and the one or more network servers utilizes wireless communication].

74. (Amended) A system for speéch-based navigation of an electronic data source

located at one or more network servers located remotely from a user, comprising:
(a) a mobile information appliance operable to receive a spoken requestfor

desired information from the user, wherein said mobile information appliance comprises

a portable remote control device or a set-top box for 4 television;

(6) spoken Janguage processing logic, operable to renderan Interpretation of the

spoken request;

(c} query construction logic, operable to constrict a navigation query based upon

the interpretation;

{d) navigation logic, operable to select a portion of the electronic data source

using the navigation query, and |
(2) electronic communications infrastructure for transmitting the selected portion

of the electronic data source from the network server to the mobile information

appliance of the user[, wherein at least a portion of a datalink of the electronic

communications infrastructure between a mobile information appliance of the user and

the one or more network servers utilizes wireless communication].
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Serial No. 
091608,872 

Fillng Date Examiner 
June 30, 2000 Firmin Backer 

Docket No. 

SRIIP037B 

~ qproup Art Unit 
i8 (I) 2155 

Title: MOBILE NA VI OF NETWORK-BASED ELECTRONIC INFO 110N USING SPOKEN 

1. D 

!Nl'UT 0 
~· Address to: 
~ Assistartt Cornmlufot18r for Patents 

-o- JUL z 9 lOOZ ~ Washington, D.C:, 20231 

~( ~ .. .,, 37 CFR 1.97(b) TW?nology Center 2100 
The Information Dis statement submitted herewith is being filed within three months of the filing of a national 
appflcatfon other than a continued prosecution application under 37 CFR 1.53{d); \Wtllin three months Of the date Of 
e.ntry of the flat.ion al stage as set forth fn 37 CFR 1.491 in an international applie8tion; before the mai6ng of a first Oftioe 
Action on the merits; or before the mailing of s first Office Action after the filing Of a request for continlted examination 
under37 CFR 1.114. 

37 CFR 1.97(c) 
2. x The Information Disclosure Statement submitted herewfth is befng filed after the period specified in 37 CFR 1.97(b), but 

prior to the malling date of a Final Action under 37 CFR 1.113, a Notice of Affowance under 37 CFR 1.311. or an Action 
that otherwise closes prosecution In the application, and is accompanied by -the statement or fee as indicated below. 

3. D 
37 CFR 1.97{d) 

The lntormatlon Olsclosure statement submitted herewith is /Jeing filed after the period specified in 37 Cl="R 1.97(c), but 
on or before payment of the issue fee and is accompanied by the statement and fee as indicated below. 

x 

D 

0 

Required Statements and/or Fees Under 37 CFR 1.97(c) or (d) 
Each item of information contained Jn the accompanying Information Disclosure Statement was first Cited in any 
communication from a foreign patent office in a counterpart foreign application not more than three montlls prior 
to the 6flng of the fnformatfon Disclosure Statement. {37 CFR 1.97{e}{1)) 

No item of information in the accompanying Information Disclosure Statement was cited In a communication 
from a foreign patent office in a counterpart foreign application, and, to lhe knowledge of the undersigned 
person, after making reasonable inquiry, no item of information oontalned In the accompanying lnfo1mation 
Disclosure Statement was known to any individual designated in 37 CFR 1.56(c) more than three months prior 
to the filing of the Information DisdosurE:I Statement. (37 CFR 1.97(e)(2)) 

The fee set forth in 37 CFR 1.17(p). Please credit any overpayment or charge any insufficiencies to deposit 
aceount number 20-0782. 

37 CFR §1.704(d) 
4. X Each iiem of information in the accompanying Information Disclosure Statement was cited In a communication from a 

foreign patent office in a counterpart application and this communication was not received by any Individual designated 
In 37 CFR §1.56(c) more than thil'ly days plior to the filing of tile lnformalion Disclosure Statement. 

~#~-
Kin-Wah l'ong~ Attorney 
Reg. No. 39,400 

Moser~ Patterson & Sheridan, LLP 
Attorneys at Law 
595 Shrewsbury Avenue, Suite 100 
Shrewsbury, New Jersey 07702 
732-530-9404 

Dated: ~J~u~flli/~2~2~0~0~2-
Certificate of Matlin b First Class Mail 

f certify that this document is being deposited on Julyd3, 2002 
with the U.S. Postal Service as first class mail under37 CFR §1.8 
and is addres$ed tci the Assistant Commlssione( for Patents, 
Washington, o.c. 20231 

T ence 
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“ Address to: En VEDAssistant Commissioner for Patents Ni

ft 9 mee,"5 Washington, D.G, 20231 ¢ 4ut 31 200237 CFR 1.97(b) Technology Center 21991. | The onusoat0 Eatemen submitted herewith is being fied within three monthsof the filing of a national
appfication other than a “continued prosecution application under 37 CFR 1.53{0); within tree months of the date of
entry of the cational stage as Set forth in 37 CFR 1.491 in an international application, before the mailing ofa first Office
Action on the merits: or before the mailing of a firat Office Action after the filing of a request for continued examination
under 37 CFR 1.114.

37 CFR 1.97(c)
2. X The Information Disclosure Statement submitted herewith is beingfiled altar the period specified in 37 CFR 1.97(b), but

prior to the mailing date of a Finat Action under 37 CFR 1.113, a Natice of Allowance under 37 CFR 1.311, of an Action
that otherwise closes prosecution In the application, and is accompanied by the statement or fee as indicated below.

37 CFR 1.97(d)
3. [] The Information Disclosure Statement submitted herewith is being filed after the period specified in 37 CFR 1.97(c), but

on or before paymentof the issue fee and is accompanied by the statement and fee as indicated below.

Required Statements and/or Fees Under 37 CFR 1.97(c) or (d}
X Each item of information contained in the accompanying information Disclosure Statement was first cited in any

communication from a foreign patent office in a counterpart foreign application nef mare than three months prior
ia the tiling of the information Disclosure Statement. (37 CFR 1.97(4)(1))

[Noitem ofinformation in the accompanying Information Disclosuré Statement was cited in a communication
from a foreign patent office in a counterpart foreign application, and, to the knowledge of the undersigned
person, after making reasonable inquiry, no item of information contained in the accompanying Infornation
Disclosure Statement was known to any individual designated in 37 CFR 1.56(c) more than three months prior
to thetiling of the Infarmation Disclosure Statement. (37 CFR 1.97(e){2))}

CO The fee set ferth in 37 CFR 1.17(p). Please credit any overpayment or charge any insufficiencles to deposit
account number 20-0782.

37 CFR §1.704(d)
4. X—Each iteof information in the accompanying Information Disclosure Statement was cited in a communication from a

foreign patent office in a counterpart application and this communication was not received by any individual designated
in 37 CFR §1.56(¢) more than thirty days prior to ihe filing af the information Disclosure Statement.

~ FY Dated:__Julyis 2002
Kin-Wah Tong, Attorney Certificate of Mailing by First Class Mail
Reg. No. 39,400 [ certify that this documentis being deposited on “July23, 2002

with the US. Postal Service asfirst class mail under 37 CFR §1.8
Moser, Pattersan & Sheridan, LLP and is addressed to the Assistant Commissionerfor Patents,
Attorneys at Law Washington, D.C. 20231

 595 Shrewsbury Avenue, Suite 106
Shrewsbury, New Jersey 07702
732-330-9404
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U.S. Department of Commerce, Pa\ent and Trademark Office OockL>t No. Serial No. 

I PTO Form 1449 modified) SRl1P0378 091608,872 

INFORMATION DISCLOSURE STATEMENT BY APPLICANT Applicant confirmation 

/OIP~ Halversen, et al~~ No.: 
2382 

(Use several sheets if necessary) JJJl zg,,._ ~ Filing Date Group 
~\5 

Examiner Firmin Backer 
-\ £ 

June 30, 2000 2155 s 
U.S. Patent Documents 4tp,-.. ~ ... ~ ~ 
*Examiner Document Issue Applicant{s) Class Subclass Filing Date If .. 

~ Initial~ Number Date Name Appropriate ~ 
'.FJ- A1 6,016,476 0111812000 Maes, et al. 705 1 

A2 

A3 

A4 

A5 ~ -
A6 E m 
Al .,, m 
AB ~ ~ s. 
A9 - = r::J "' ~ ~ 

A10 0 

A11 

A12 

A13 

Foreign Patent Documents 

*Examiner Document Date Country Class Subclass Translation 
Initial Number 

YES NO 

/ B1 0 867 861 0913011998 EPO G10L 5106 0 0 
/• B2 99/50826 10/0711999 WIPO G10L 3100 0 D 

~ B3 00105638 0210312000 WIPO G06F ~ 0 0 
B4 D D 
85 D 0 

OTHER ART 

*Examiner Including Author, TWe, Date, Pertinent Pages, Etc. 
Initial 

--r;; , C1 International Search Report, Intl Appl No. PCT/US01107987 
I C2 

. 

C3 - , ; 

Examiner ( ,,r ,,, """ '- Date ConsJdered q /:Jl/J?_ 
.. ~XAMlNER: Initial if r~ence cortsidered, whether or not citation is in conformar1ce with MP~P 609; Dra\~ line through 
citation if not in conformance and not cons"1dered. Include copy of this form with your communication to applfcant. 
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PATENT COOPERATION TREATY 

From the !NTERNA TIONAL SEARCHING AUTHOR!TY PCT 
To: 

CARL TON, FIELDS, WARD, EMMANUEL, NOTIFICATION OF TRANSM!TTALOF 

SMITH & CUTLER, p. A. THE INTERNATIONAL SEARCH REPORT 

Attn. TONG,Kin-Wah OR THE DECLARATION 

p .0. Box 3239 
TAMPA, FL 33601-3239 (PCT Rule 44.1) 

UNITED STATES OF AMERICA 

Date of mailing 
(day/month/year) 03/07/2002 

Applicant's or agent's file reference 

SRJ1P037B. P FOR FURTHER ACTION See paragraphs 1 and 4 below 

International appllcation No. International fillng dale 

PCT/US 01/07987 (day/month/year) 12/03/2001 
Applicant 

. 
SRI INTERNATIONAL et al. 

1. lXl ' ~:. ' 

The appncant is llefet>y l)O~lle<l lhat IN! 1n1ernat1ona1 Search Report has been established and Is transm1tteg herewith. 

Flling o1 amendm«m and .u..,._,. untJ&r Article t 9: 
The applicant Is ent11tea. rt 1>e so ll"'She'$. IO amend the claims of the International Appllcation (see Rule 46): 

When? The time •mr1 lof hhf>O such amendments is normally 2 months from lhe date of transmittal of the 
International Searcti·RePOft- however, for more details, see the notes on the aooompanylng sheet 

Where? Directly to !he lntematiooal Bureau of WIPO 
34. chE>mio des Colombettes 
1211 Geneva 20, Switzerland 
Fasomtle No.: (41-22) 740.14.35 

For more Detailed instructions, see the notes on the aoc.::impanylng sheet. 

, 

"D The applicanl Is hereby notified that no International Search Report will be established and that the declaration under 
Article 17(2)(a) to that ettect •S transmitted herewith. · 

3.o With regard to the protest against payment of (an) acldttional fee(s) under Rule 40.2, the applicant ls notified that: 

D the protest together with the de:cision thereon has been transmitted to the International Bureau together with the 
applicanrs request to forwafd the texts of both Iha protest Md the decision thereon to the designated Offices. 

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Further action(s); The applicant is 1eminded of the tollowlng: 

Shortly after 18 months from the Priority date. the !nlernattonal application will be published by the International Bureau. 
If the applicant w!shes to avoid or p;>stpone publlcation, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90b~.1 and 90bls.3, respecttvely, before the 
completion of the technical preparations for international pubijcation. 

Within 19 months from the priority date, a demand for International preliminary examination must be flied if the appllcant 
wishes to postpone the entry Into the national phase untll 30 months from the priority date (ln some Offices even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which haVe not been elected In the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 

Name and malling address of the lnternatlon~I Searching Authority Authorized officer 

NL-2280 HV Rljswljk · 
~ European Patent Office, P.B. 5818 PatenUaan 2 

-" Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, · 
Fax: (+31-70) 340-3016 

Claude Berthon 

Form PCT/iSA/220 (July 1998) 
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NOTES TO FOAM PCT/ISA/220 

Thaae Note9. a.re intended to giva Iha basic inlll:rucliorts conoaming the filing of amendments under a.dicla 19. The 
Notes are based on tile r1JqUifaments of the Patent Cooperation Treaty, the Regulations and the Administrative lnstsuetions 
under that Treety. In case Dfdiecfepancy between these Notes and lh0$6 f$qUirements, IM latt9r 111'9 applicable. For more 
detailed inlot"mation, Ne olPo the PCT Applicant's Guide, a publication ol WlPO. 

ln these Notes, "Artiele', 'Rule', and 'Section' refer lo theprovi9iona of lhe PCT, tfl8 PCT Aegulaliona and the PCT 
Adminiah-ativa lni!llructions respectively. 

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

The applicant has, a.ft81 having received the intemational 9.earch report, one opportunity lo amend the claims of the 
international application. It should howewlr be emphasized that, since all parts of the intemational appliWicm (claims, 
description and dra.wingii) may ba amanct.d during tM lnlemational pl'llliminary examination ptocedure, there is usually 
no need to file amendments of the daima und$r Article 19 exoep: where, e.g. the applicant wanb the latter lo be publ"iahed 
tor !he purposes of pwvisional protection or has another reuon fl;lr amending lh8 claims befote intemelional pbulloation. 
Furthermore, it should be emphasized that provisional protection is available in some Sta.tea only. 

What parts of the lntematlonal application may be amended? 

When? 

Under Article 19, only the claims may be amended. 

During the international phase, the cla:ime may also be amended (or furthe-r amended) under Arttele 34 before 
the !ntemationel Preliminary Examining Authority. The deacripiion and drawings mey only be amended under 
Article 34 tialofe the Jntemationa! Examining Authoiity. 

L/p:ln entry into the national phase, all parts of the international applical:ion may be amended under Article 28 
or, whElf'B applicable, Article 41 _ 

Wrthin 2 months from the dat• of tranemittal of the int•mationa! March report or 1 S months from the priority 
date. whic:hwer time llmlt expir9a: later. n allould be noled, however, Iha! the a.rnend'nenls will be consid9'9d 
u having bMn 1'9oeived on time ff they ar9 received by the lntematiooal Bureau after the e}IJJiratlon of the 
a.pplical:>le lime Hmil but befor8 the completion ot the technical preparations for international pUblicalion 
(Rule 46.1). 

Wt.re not to file- ttto amendments? 

How? 

The amerdmenls may only be filed with the lotemationa{ Bureau and not with the receiving Office or Iha 
lnlemational Searching Authorily (RUie 46.2). 

Where a demand for intemational pr&liminary el(arnination has beenlls filed, see bek>w. 

Either by cancelling or.&« more entire cla:ima, by adding one or more new claims or by amending the !extol 
one or more of the claims as tied. 

A replacement sheet muat be submitted for each shMI of the claims which, on account of an atntlndment or 
amendmenla, diff_.. from the sheet ori91nally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabio numerals. \IVh.- a claim is 
canoelled, no renumbering of the on-- claim. is r&quirvd. In all cases whwe claims are 1VnumbMiod, they must 
be renumbered CJOnaecutively (Adminlldr.tive lnstruetiona, Section 205{b)). 

The amendments must be made In tho language In which the International appllcatlon Is to bo published. 

What document• muatlmay agcompany the amendments? 

Letter (Section 205(b)): 

The amendments must be aubmithld with a letter. 

The letter will not be publish&d wilh the intemaliona! application and the amended daims. lt flhould not be 
confused wi!h the 'Sta.temllilnt uncler Article 19(1 )' (aes below, under "Statement Ul1dei" Artk:le 19{1 )1. 

Tite lettet must b• In Englieh or French, at tho choice of the applicant. Ho-ve.-, If the language of the 
lntemaUonal appllc:ation la Eni;illsh, the letter musl be In Engllsh; tf the l:angu.ge of the lnlematlonal appNcatJon 
1$ French, the krttet must be In French. 

Notes to Form PCTllSA/220 (first sheal'fJ..,...,.-. • ,.,,.,. 
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  NOTES TO FORM PCT/ISA/220

These Notes ate intended to giva the basic instructions cancaming thefiling of amendments under article 19. The
Notes are based on the raquiraments of the Patent Cooperation Trealy, the Regulations and the Administrative Instructions
under thai Treaty. In case of discrepancy between these Notes and those requirements,the latter are applicable, For more
datailed information, see siso the POT Applicant's Guide, a publication of WIPO.

in these Notes, “Article”, "Rule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the intamational search repart, one opportunity to amend the claims of the
international application. It shauld however be emphasized that, since all parts of the intemational application (claims,
description and drawings} may be amended during the intemational praliminary examination procedure, there is usually
no need to file amendments of the claims under Article 19 except where, 6.9. the applicant wants the latter to be published
for the purposes of provisional protection or has another reason for amending the claims before intemational poulication.
Furthermore,it should be emphasized that provisional protection ie available in some States only.

What parts of the International application may be amended?

Under Article 19, only the claims may be amended.

During the irtemational phase, the claims may also be amended (or further amended) under Article 34 before
the intemational Pratiminary Examining Authosity. The description and drawings may only bs amended under
Article 34 before the Intemational Examining Authority.

Upon eniry into the national Brase, all parts of the international applicatian may be amended under Article 28oF, Where applicable, Arica

When? Within 2 months from the date of tranemittal of the intemational search report or 16 months from the priority
data, whichever time limit expires later. h should be noted, however, [hat the amendments will be considersd
as having been received on time if they are received by the Intemational Bureau after the expiration of the
applicable time limit but befora the completion of thetechnical preparations for intemational publication
(Rulo 46.1}.

Where not to fiethe amondmants?

The amendments may only be filed with the International Bureau and nat with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for intemational preliminary examination has been/is filed, see below.

Haw? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of
one or more of the claims as filed,

A replacement sheet must be submitted for each sheet of the claime which, on account of an amendment or
amendmenta, differs from the sheet originally fled.

All the claima appearing on a replacement sheat must be numbered in Arabie numerals. Where a claim is
cancelled, no renumbering of the other claims is raquired. In all cases where claims are renumbered, they muat
be requmbered oonsacutively (Administrative Instructiona, Section 205(b)).

The amendments must be made in the Janguage in which the intemational application is to be published.

What documents mustimay accompany the amendments?

Lotter (Section 205(b}}:

The amendments must be eub:ritted with a letter.

The letter will not be published with the intemational application and the amended daims. it should not be
coniused with the “Staternent underArticle 19(1}* {es below, under "Statement under Article 19(1)").

Fhe letter rauat be In English or French, at the cholce of the applicant, However, if the language of the

international application is Engilsh, the letter must be In English: Hf the language ofthe> internationalapplicationis French, the tetter must be In French,

Noles to Form PCTASA/220 (firat aheet\ Karsan. (nee

DISH, Exh. 1004, p. 169

Petitioner Microsoft Corporation - Ex. 1008, p. 869



NOTES TO FORM PCT/ISA/220 (continued) 

Tlwl k..lt11r must indieateth& differenoes betwtten the elaims as filed and the claims as am1tnded It must, in 
particular, iridic:Ale, Jn COflllfl'cfk>n with Hoh olaim appearir19 in the intem11tior1al applicatlofl (it being undb~tood 
that identic.I indications concerning 11ev11ral 0111.ims may be grouped), whether 

(i) the claim is 11nchanged; 

(If} the cJaim is canc111ied; 

Oii) thecla1inisnew; 

(iv) the claim replaces ono 01 more olailna aa filod; 

(v) theciaim ia the result oftlffi division of ii claim as fil!KI. 

The following examptn llitlsb'llte the maN1er Jn which amendmenl• mu•lbeaxplaltred In the 
accompanYlng letter! 

1. (Whet• originally tharewere 48 olain!s and al!M Slrlamm&nt of some dsi/Tt$ tMre _, 51]: 
"Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replao4Kl by .mended ciaima bearing the same numben; 
claims 3(1, 3S and 36 unchanged; ne'IY olaims 49 to 51 added! 

2. {WheflJ origina.ffy !here were 15 claims and after arn11nmeri1 of all olaima there are 11): 
vClaims 1 to 15 1'9plaoed by amlilnde:I clai,.,.1 W 11." 

3. (Wherti originally~ were 14 claims 1111<:1 the amMdmllO!s conm.f in oatJCelling 80/nB claims and in adding 
.,_ol.11ims]: 
~claims 1 to 6 and 14 unetlang11d; claims 7 to 13 canceO~; ~claims 15, 16 and 17 added." or 
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all oll'ler claims unchanged• 

4, {'Nhere various kinds of iunanclments are JT1ade): 
~Claims 1·10 unchanged; daim• 11 to 13, 18and19 canceM~; claim a 14, 15 arid 16 replac«id by amend~ 
olaim 14; olalm 17 aubdivided '110 amendad claims 15, ! 6 llnd 17; - claims 20 ant:l 21 '"*'8.:1." 

"Si.ement under at1lcfe 1tt(1)" {,,. 46.4) 

The amendmentt. ""111.'f be aceomp.lniea by a statement explaining the amendmllnta and incicaling any im~ 
that such amendments might have on th• description and the drawings (which Cllnn<!ll be arnendad under 
MW!e 19(1)). 

Th& !flalemetit will be publiahad with the irtlemutiona! appicidion and lhe amended olaims . 

.tt must be fnthe f•nguage In which the flternaUonal •ppPlk::adon Is to be P\lbllshecl. 

It mual be brief, not e](oeeding 500 wnrds if in English or if translated into English. 

li-shc.ufd no( be oonfuMd with and doee not ref'.llaoe the letter indiealing ll'le cifferencsa b«ween !he claim a 
u filed and aa amenCled. It muat be fil!Kt on a aeparat& sheet al"'fd must be idenlifi~ aa auch by a heading, 
preferably by using the words 'Statement under Articl!t 19(1)." 

It may not contain any disparaging comments oo the inlernalional March report 01 th11 reklvance of citatiollS 
oontained in that report. R~ce to Citations, relevant to a gillf!n claim, oantaincid in the international aeareh 
tepolt may bet made only in connection with an amendment of that claim. 

Com:~ It a domand lorlntomatfonat pNffmfnary examination has already been filed 

11, at the tim& of fiNng any amendments under Article 19, a demand lor international prellrTlinary el(aminalion 
has already bean submitted, the applieanl must pi-eferably, at !he Hmetime of filing ti» a~rM !Mth Cho 
fnfvmational Burilau, alfO file a copY of auDh amendments with the International Preliminary Examining 
Authority (•ee Rule &2.2(a), fi~ "ntence). 

Con•eqll4911Ce with "'!lani to tr.nslatlon of the International appllc:aHon fnr entry Into tf'9 Alltlonal phase 

Tb. ~l'.t .ttention is draWn to the fact thai, where upon en by fnto thil natiOnal phase, a lransl11tion of the 
claim• aa amended uncl• Article 19 may have to be tumiahed lo the designale4/E1ilected Officea, in~ead of, or 
in addition to, IM tr1111alaticn of the clairna aa filed. 

For furttier details on tile re(J.lirements ot eaoh ctesignalodfeleot~ Office, see Volume II Of the PGT Applicant's 
Guide. 

No!EtG to Ferm PCfASA/220 (eecond •Mel) (January 1994) 
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NOTES TO FORM PCT/SA/220 (continued)
'

The letter must indicate the differences between the claims as filed and the claims a3 amended. It must, in
particular, indicate, in connection With each alsitn appearing in the intemational application (it baing utderstood
that identical indications concaming several claims May be grouped),whether

i} the claim is unchanged;

fi}=the elaimis cancelled;

fii) the claim ia new;

{iv} the claim replaces one or more olaiins as filed;

(theclaim is the reault of the division of a claim as filed.

The following examples |Bustrate the manner in which amendments musibe explained in the
accompanying fetter:

1, {Where originally there were 48 claims and after amendment of some claitns there are St]:
"Claims 1 to 29,31, 32, 34,35, 37 to 48 replaced by amended claims bearing the same numbers;
elaima 30, 33 and 36 unchanged: new claims 49 to 51 added.”

2 [e¥here originally there were 15 claims and after amendment of all claima there are 11}:
*Claims 1 to 15 replaced by amanded claims 1 to 11."

3. [Where originally there were 14 claims and the amendments consist in cancelling some claime and itt adding
new claima):
“Claims 1 to 6 and 44 unchangad: claims 7 to 13 cancelled: naw claims 15, 16 and 17 added.” or
“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added: all other ciaims unchanged.”

4, [Where various kinds of amendments are made]:
“Claims 1-10 unshanged; claims 11 to 13, 18 and 19 cancelled: claims 14, 15 and 16 replaced by amended
claim 14: claim 17 subdivided into amended claims 15, 16 and 77; new claims 20 and 21 added."

“Statetiont under atticle 1911)" {Rule 46.4)

The amendments may be accompanied by astatement sxplaming the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under
Articia 19/1).

The statement will be published with the intemational application and the amended claine.

jt must be in the fanguages in which the international appplication Is to be published.

it muat be brief, not exeseding 500 words if in English orif ranalated into English.

it should nol be confused with and does not replace the letter indicating the differences between the claims
a8 filed and aa amended. It must be filed on a separale sheet and must be identified as auch by a heading,
preferably by using the words "Statement uncer Article 19(1).” i

It may not contain any disparaging comments on the intermational search report or tha relevance ofcitations
contained in that report. Reterence ta citations, refevant to a given claim, contained in the intemational search
report may be made only in connection with an amendment of that claim.

Consequence if 2 demand forintemational prefiminary examination has already been filed

if, at the time offiling any amendments under Article 19, a demand for international pretiminary examination
has already been submitted, the applicant must preferably, at the sama time of fling the amendments with the
informational Bureau, ato fila a copy of such amendments with the intamational Preiminary Examining
Authority (see Rule 62.2(2), first sentence).

Consequence with regard to translation of the Intemational application for entry into the National phase

The applicant's attention is drawn to the fact thal, where upon entry inte the national phase, a translation of the
clajins as amended undar Article 19 may have to be turnished tc the designated/elected Offices, matead of, of
in addition te, the tranalation of the claims as filad.

Forfurther details on the requirements of each designated/alactad Offices, see Volumeil of the POT Applicant'sti

Noles to Form POTASA/226 (second sheel} January 1994}

BNSDOCID: <x SISAZ20NOENP4_h>
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Applicant's or agenfs Ille reference FOR FURTHER see Notitlcatlon of Transmlttal of International Search Report 

ACTION 
(Form PCT/ISA/220) as well as, Where applicatile, Item 5 below. 

SRIIP037B. P 
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US 01/ 07987 12/03/2001 13/03/2000 
Applicant 

SRI INTERNATIONAL et al. 

This International Search Report has been prepared by this International Searching Authority and Is transmitted to the appHcant 
according to Article 18. A copy !s being transmitted to the International Bureau. 

This International Search Report consists or a total of ' sheets. 

m It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language In which It was filed, unless otherwise Indicated under this item. 

D the internatiOnal searcn was carried out on the basis ota translation of the International application furnished to this 
Authority (Rule 23.1 (b)). 

b. With r~d to any nucleotlde and/or amino acid sequence disclosed in the International appHcatlon, the international search 
was carried out on the basis of the sequence listing : 

D contained in the international appltcatlon in written form. 

D filed together with the International appncation In computer readable form. 

D furnished subseq.Jenlly to this Authority in written form. 

D fUrnlshed subseq.lentty to this Authority in computer readble form. 

D ~ the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

D the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

2. D Certain claims were found unsearchable (See Box I). 

3. D Unity of invention is lacking (see Box II). 

4. With regard to the title, 

[XJ the text ls approved as submitted by the applicant. 

D the text has been establlshed by this Authority to read as follows: 

5. With regard to the abstract, 

m the text is approved as submitted by the applicant. 

D the text has been established, according to Rule 38.2{b), Oy this Authority as ii appears In Box Ill. The applieant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the draWings to be published witll the abstract is Figure No. " m as suggested by the applicant. D None of the flg.Jres. 
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Application No. Applicant(s) 

091608,872 HAL VERSEN ET AL 

Office Action Summary Examiner 

Frantz. B. Jean 

Art Unit 

2155 
.. The MAILING DATE Of this communication appears on the cover shGet with the correspondence address •• 

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ,1 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensioos of time mpY be available under the provisions Qf37 CFR 1.131i(a). In no event, l\ClWever, may a reply be timeJy filed 

after SIX (6) MONTHS fn1m the mailing date of this communication. 
• If the period for reply specified above is less than lhlrt;y (30) da~. a reply within the stalutory minimum of thirty (SO) days wifl bi:o considered timely. 
- If NO period lor reply is specified above, the maximum statutory period will apply and will expj~ SIX (6) MONTI-IS from the malling date of this conmunlcatlon. 
- Failure to raply within the sat or e)Clendad pafiod for r11p1ywill, by stutute, c:ause th11 application to became ABANDONED (35 U.S.C. § 133), 
• Any reply received by the Offic.1 later !ban lhrei:o months after thi:o malling date of this communjcaaon, -wen If timely filed, may reduce any 

earn"4 p-atent t41m adjus~11t s .. ,. 37 CFR. 1.704(b). 
Status 

1 )JZI Responsive to communication(s) filed on 712912002. 

2a)0 This action is FINAL. 2b)J21 This action is non-final. 

3)0 Sinceth"1s application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayfe, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)!2] Claim(s) 56-82 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[.SJ Claim(s) 56~82 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restliction andtor election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)[] accepted or b)O objected to by the Examiner. 

Applicant.may not request that any Objec!Jon to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11)0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If awroved, corrected drawings are requfred in repry to this Office action. 

12)0 The oath or deelaration is objected to by the Examiner. 

Priority under 35 u.s.c. §§ 119 and 120 

13)0 Acknowledgment is made of a claim fortoreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some' c)O None of: 

1,0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

*See the attached detaifed Office action for a list of the certified copies not received. 

14)0 Acknowledgment is made of a daim for domestic priority under 35 U.S.C. § 119(e) {to a provisional application). 

a) 0 The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a daim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Att11chment(s) 

1) 0 Notice of Refefences Cited f PT0-892} 
2) 0 Notice Of Draftsperson's Patent Drawing Review (PT0-946) 
3) 0 Information Disclosure Statement{s) (PT0-1449) Paper No(s) W. 

4) 0 lntervie..v Summary {PT0-413) Paper No(s). __ 

5) 0 Notice of Informal Patent Appllcauon (PT0-152) 
6) 0 Other: 

U.S. Pa1enland Trademarl< Offlc& 

PT0..326 {Rev. 04-01) Office Action summary Part of Paper No. 24 
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Application No. Applicant(s)

 09/808,872 HALVERSEN ET AL.

, Frantz B. Jean 2155

« The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.736(a). In no event, however, may 4 reply be timely filed

after SLX (6) MONTHS from the mailing date of this communication.
+ ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minicom ofthirty (30) days will be consideredtimely.
- IfNO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Fallure to reply within the set or extended period for reply will, by statute, cause tha application to bacame ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this cammunication, evenif timely filed, may reduce any

eatned patent tarm adjustment. Sea 37 CFR 4.7046),
Status

1X] Responsive to communicatien(s) filed en 7/29/2002.

2a)L] This action is FINAL. 2b] This action is non-final.

3)L1 Since this applicationis in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)X] Claim(s) 56-82 is/are pending in the application.

4a) Of the above claim(s)

5)L) Claim(s) is/are allowed,

6)X Ctaim(s) 56-82 is/are rejected.

7)L) Claim(s}___ is/are objected to.

8)C] Claim(s)
Application Papers

9)LJ The specification is objected to by the Examiner.

10)C) The drawing(s)filed on is/are: a¥_] accepted or b)_] objected to by the Examiner.

Applicantmay not requestthat any objection to the drawing(s)} be held in abeyance. See 37 CFR 1.85(a}.

11)0J The proposed drawing correction filed on is: a)] approved b)T] disapproved by the Examiner.

if approved, corrected drawings are required in reply to this Office action,

12)1) The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120

 

is/are withdrawn from consideration,
 

 

aré subject to restriction and/or election requirement.
 

 

 

13) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § ¢79(@)-(d)}or (f).
-aClall b)D] Some* oC] None of:

1.£] Certified copies ofthe priority documents have been received.

2.0] Certified copies of the priority documents have been received in Application No.

3.0] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action fora list of the certified coptes not received.
14)] Acknowledgmentis made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) L_] The translation of the foreign lanquage provisional application has been received.
15)_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s}

1) XX Notice of References Cited (PTO-B92) 4) PF) interview Summary (FTO-413) Paper No(s). .
2) J Notice of Draftsperson’s Patent Drawing Review (PTO-943) 5) C] Notice of Informal Patent Application (PTO-152)
3) information Disclosure Statement{s) (PTO-1449) Paper Nefs) 7.23 . 6) C] Other:

U.S. Patent and Trademark Oftiea

PTO.326 (Rey. 04-01) Office Action Summary Part of Paper No. 24
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Application/Control Number: 09/608,872: Page 2 

Art Unit: 2155 

DETAILED ACTION 

1. This office action is in response to an amendment received on 7/18/02. Claims 56, 65 and 

74 were amended. Claims 56-82 are still pending in this application. 

Information Disclosure Statement 

2. The IDS received on 7/29/02 have been considered. 

Claim Rejections-35 USC§ 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 56-82 are rejected under 35 U.S.C. 103(a) as being unpatentable over Levin et al. 

(U.S. Patent No. 6,173,279) in view of Bailey, ill US patent No. 6,353,66. 

5. As per claim 56, Levin et al teach a method for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless conununication (see abstract, fig 1, 

column 3 lines 5-35), comprising receiving a request (receive a natural language query) for 

desired information from the user (user, 112) utilizing the mobile appliance (PC, 102) of the user 
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Application/Control Number: 09/608,872: Page3 

Art Unit: 2155 

wherein said mobile information comprises a portable remote control device or top-box for a 

television; rendering an interpretation (creating a semantic representation) of the request, 

constructing a navigation (generating search) query based upon the interpretation; utilizing the 

navigation query to select a portion of the electronic data source; and transmitting (sending) the 

selected portion of the electronic data source from the netvvork server to the mobile infonnation 

appliance of the user. (see abstract, fig. 1-3, colmnn 3 line 36-9 line 5, see also claim 1, 10, 22). 

Although Levin teaches natural language, Levin does not explicitly elaborate on a spoken request 

for desired infonnation from a user. Bailey ID is directed to a network and communication access 

system which includes a spoken (audible) request for desired infonnation from a user (col. 9 lines 

47 et seq; col. 3 lines 21 et seq). It would have been obvious to one of ordinary skill in the art at 

the time of the invention to have combined Bailey's, ID features to Levin's because they would 

have speeded up the cormnunication process while providing a secure system (see Bailey, ID col. 

4 lines 41 et seq). 

6. As per claims 57, 58, 62-64, Levin et al teach a method of rendering the interpretation of 

the request is performed at the o~e or more network servers by the mobile information appliance 

including a Wireless telephone, a portable computer that is a personal digital assistance (See 

abstract, fig 1, column 3 lines 5-35). 
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Application/Control Number: 09/608,872: Page4 

Art Unit: 2155 

7. Pili per claim 59, Levin et al teach a method of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the navigation 

query, based upon the additional input; and using the refined navigation query to select a portion 

of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 1, 10, 

22). 

8. As per claim 60, Levin et al teach a method wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 61-67). 

9. As per claim 61, Levin et al teach a method wherein steps (a)-(d) are performed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

10. As per claim 65, Levin et al teach a computer system for speech-based navigation 

(information server, 110) of an electronic data source located at one or more network servers 

located remotely from a user, wherein at least a portion ofa data link between a mobile 

information appliance of the user and the one or more network servers utilizes wireless 

communication (see abstract, fig 1, column 3 lines 5-35), comprising a code segment receiving a 

request (receive a natural language query) for desired information from the user (user) utilizing 

the mobile information appliance (PC, I 02) of the user- a code segment rendering an 

interpretation (creating a semantic representation) of the request, a code segment constructing a 

navigation (generating search) query based upon the interpretation; a code segment utilizing the 
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navigation query to select a portion of the electronic data source; and a code segment transmitting 

the selected portion of the electronic data source from the network server to the mobile 

infonnation appliance of the user. (see abstract, fig. 1-3, coiumn 3 line 36-9 line 5, see also claim 

1, 10, 22). Although Levin teaches natural language, Levin does not explicitly elaborate on a 

spoken request for desired information from a user. Bailey ill is directed to a network and 

communication access system which includes a spoken (audible) request for desired information 

from a user (col. 9 lines 47 et seq; col. 3 lines 21 et seq). It would have been obvious to one of 

ordinary skill in the art at the time of the invention to have combined Bailey's, ill features to 

Levin's because they would have speeded up the communication process while providing a secure 

system (see Bailey, ID col. 4 lines 41 et seq). 

11. As per claims 66, 67, 71-73, Levin et al teach a system of rendering the interpretation of 

the request is perfonned at the one or more network servers by the mobile infonnation appliance 

including a wireless telephone, a portable computer that is a personal digital assistance (see 

abstract, fig I, column 3 lines 5-35). 

12. As per claim 68, Levin et at teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refilling the navigation 

query, based upon the additional input; and using the refined navigation query to select a portion 
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of the e1ectronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 1, 10, 

22). 

13. As per claim 69, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig I, column 2 line 61-67). 

14. As per claim 70, Levin et a] teach a system wherein steps (a)-(d) are perfonned with 

respect to multiple users (see abstract, fig 1, column 3 lines 5-35). 

15. As per claim 74, Levin et at teach a system for speech-based navigation (information 

server, 110) of an electronic data source located at one or more network servers located remotely 

from a user, wherein at least a portion of a data link between a mobile information appliance of 

the user and the one or more network servers utilizes wireless commllllication (see abstract. fig l, 

column 3 lines 5-35), comprising receiving a request (receive a natural language query) for 

desired infonnation from the user (user) utilizing the mobile information appliance (PC, 102) of 

the user; rendering an interpretation (creating a semantic representation) of the request, 

constructing a navigation (generating search) query based upon the interpretation; utilizing the 

navigation query to select a portion of the electronic data source; and transmitting the selected 

portion of the electronic data source from the network server to the mobile information appliance 

of the user. (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 1, 10, 22). Although 
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Levin teaches natural language, Levin does not explicitly elaborate on a spoken request for 

desired information from a user. Bailey ill is directed to a network and communication access 

system which includes a spoken (audible) request for desired information from a user (col. 9 lines 

47 et seq; col. 3 lines 21 et seq). It would have been obvious to one of ordinary skill in the art at 

the time of the invention to have combined Bailey's, ID features to Levin's because they would 

have speeded up the conununication process while providing a secure system (see Bailey, ill col. 

4 lines 41 et seq). 

16. As per claims 75, 76, 80-8 1, Levin et al teach a method of rendering the interpretation of 

a request that is performed at the one or more network servers by the mobile information 

appliance including a wireless telephone, a portable computer that is a personal digital assistance 

(see abstract, fig 1, column 3 lines 5-35). 

17. As per claim 77, Levin et· al teach a system of soliciting additional input from the user, 

including user interaction in a modality different than the original request; refining the navigation 

query, based upon the additional input; and using the refined navigation query to select a portion 

of the electronic data source (see abstract, fig. 1-3, column 3 line 36-9 line 5, see also claim 1, 10, 

22). 

18. As per claim 78, Levin et al teach a system wherein the data link includes a cellular 

telephone system (see fig 1, column 2 line 61-67). 
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19. As per claim 79, Levin et al teach a system wherein steps (a)-(d) are performed with 

respect to multiple users (see abstract, fig 1, column 3 lines 5:-35). 

Response to Arguments 

20. Applicant's arguments filed on ... 7//f /!J..f/. ...... have been fully considered but they are 

not persuasive. a. Applicant argues that the prior art "falls to teach or suggest the novel concept 

of speech-based navigation where the method receives spoken request for desired information 

from the user utilizing the mobile information appliance of the user and where in turn the selected 

electronic data source from the network server is transmitted to the mobile infonnation appliance 

of the user." Examiner respectfully disagrees with the applicant perspective and characterization 

of Levin inventive concept. Levin teach that the URL for a data resource is inputted into PC 102 

either by typing the request using a keyboard 104 or by speaking the request into a microphone 

105, which is considered to be a mobile appliance of the user. Fwthennore, Levin et al indicate 

that the spoken requests either from a PC microphone 105 or from a telephone 103 can be 

handled by a speech recognition system residing at the information server (see column 4 lines 

7-22). Applicant further argues that the prior art "falls to teach or suggest that the selected 

electronic data source from the network server is transmitted to the mobile information appliance 

of the user." Examiner respectfully disagrees with the applicant perspective and characterization 

of Levin inventive concept. Levin teach that once an information server is accessed, the user can 
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send a text or a spoken query requesting a particular action or service (step 204), for example: 

"call the pizza place on Main Street in Westfield". The query is received by the access server 106 

and the natural language query is sent to the information server I 10 via packet network 108. It is 

to be understood that the packet network 108 may be connected to a plurality of information 

servers which each relate to one or more particular information services, or there may be a single 

centralized information server 110 which is accessed by all information services which are capable 

of receiving and processing natural language queries and contains at least some of the data 

resources (e.g., UR.Ls and associated site/service~specific grammars} capable of receiving and 

responding to a natural language query. It is obvious inventive concept referring to response is in 

the field of sending or transmitting the requested information to the user. Moreover, it is 

understood in the art of information request, in order to complete the transaction, the host must 

transmit to the requester the requested information. 

21. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. 

22. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Frantz B. Jean whose telephone number is (703) 305~3970. The examiner 

can normally be reached on Monday thru Friday from 8:30 to 6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Ayaz R. Sheikh, can be reached on (703) 305-9648. The fax phone numbers for this Group are 
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(703) 746-7238 for After-Final, (703) 746-7239 for Official, and (703) 746-7240 for Non-

Official/Draft. 

Communications via Internet e-mail regarding this application, other than those under 35 

U.S.C. 132 or which otherwise require a signature, may be used by the applicant and should be 

addressed to [Ayaz.Sheikh@uspto.gov]. 

All Internet e-mail communications will be made of record in the application file. PTO 

employees do not engage in futemet communications where there exists a possibility that sensitive 

information could be identified or exchanged unless the record includes a properly signed express 

waiver of the confidentiality requirements of 35 U.S.C. 122. This is more clearly set forth in the 

Interim futemet Usage Policy published in the Official Gazette of the Patent and Trademark on 

February 25, 1997 at 1195 OG 89. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the Group receptionist whose telephone number is (703) 305-3900. , 

Fran B. Jean 
September 29, 2002 
FBJ/ 
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(703) 746-7238 for After-Final, (703) 746-7239 for Official, and (703) 746-7240 for Non-

Official/Draft.

Communications via Internet e-mail regarding this application, other than those under 35

U.S.C. 132 or which otherwise require a signature, may be used by the applicant and should be

addressed to (Ayaz.Sheikh@uspto.gov].

All Internet e-mail communications will be made ofrecord in the application file. PTO

employees do not engage in Internet communications where there exists a possibility that sensitive

information could be identified or exchanged unless the record includes a properly signed express

waiver of the confidentiality requirements of 35 U.S.C. 122. This is more clearly set forth in the

Interim Internet Usage Policy published in the Official Gazette of the Patent and Trademark on

February 25, 1997 at 1195 OG 89.

Any inquiry of a general nature or relating to the status of this application or proceeding

should bedirected to the Group receptionist whose telephone numberis (703) 305-3900.
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September 29, 2002
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PATENT AND TRADEMARK OFFICE 

PATENT APPL.ICATION 

Applicant: Halverson et al. 

Case: SRl1 P037B 

Serial No.: 09/608,872 Filed: June 30, 2000 

Group Art Unit: 2155 

Examiner: Frantz Jean 

Title: MOBIL.E NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION 
USING SPOKEN INPUT 

ASSISTANT COMMISSIONER FOR PATENTS 
Box Non-Fee Amendment 
Washington. D. C. 20231 

SIR: 

RESPONSE UNDER 37 C.F.R. § 1.111 

This response addresses the Office Action dated October 4, 2002 (Paper No. 

24). 

REMARKS 

Applicants' representative would like to thank Primary Examiner Frantz Jean for 

kindly taking a substantial amount of time on December 23. 2002 to discuss the merits 

of the subject invention in a face-to-face Examiner Interview. Appllcants' representative 

is aware of the time constraint that is placed on the Examiner and is appreciative of the 

Examiner's willingness to devote such large quantity of time to discuss the case on the 

merit. 
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In view of the following discussion, the Applicants submit that none of the claims 

now pending in the application are made obvious under the provisions of 35 U.S.C. § 

103. Thus, the Applicants believe that all of these claims are now in allowable form. 

I. REJECTION OF CLAIMS 56-82 UNDER 35 U.S.C. § 103 

The Examiner rejected claims 56-82 in Paragraphs 4-19 of the Office Action as 

being unpatentable over Levin et al. patent (US Patent 6, 173,279 issued January 9, 

2001, hereinafter referred to as Levin) in view of Bailey Ill (US Patent 6,353,661 issued 

March 5, 2002, hereinafter referred to as Bailey). The rejection is respectfully 

traversed. 

Levin teaches "a method of using at least one natural language query to retrieve 

information from one or more data resources and further perfonning a requested action 

using the retrieved information is disclosed". (See Levin, Column 2, lines 15-18) 

Namely, Levin teaches a method for using natural language query to obtain informa1ion, 

where upon receipt of the requested information, a desired action is executed based 

upon the requested information. To illustrate, Levin provides the example, where a 

user employs natural language to request the telephone number of a restaurant. Upon 

receipt of the telephone number, the telephone number Is actually dialed for the user. 

(See Levin, Column 3 line 62 to Column 4, line 1) 

Bailey teaches a system for using a telephone to interact with a remote system. 

Specifically, Bailey teaches the use of a conventional phone to allow users to browse, 

search, store, and create information stored on the Internet. (See Bailey, Abstract; 

Column 3, lines 8-39) 

In contrast, the alleged combination of Levin and Bailey (either singly or in any 

permissible combination) fails to teach or suggest the novel concept of speech-based 

navigation where the method receives spoken request for desired information from the 

user utilJzing the mobile information appliance of the user. wherein said mobile 

information appliance comprises a portable remote control device or a set-top box for a 

television. Specifically, Applicants' Independent claims 56, 65 and 74 positively recite: 

2 
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56. A method tor speech-based navigation of an electronic data source 
located at one or more network servers located remotely from a user, wherein a 
data link is established between a mobile information appliance of the user and 
the one or more network servers, comprising the steps ot 

(a) receiving a spoken request for desired information from the user 
utilizing the mobile infonnation appliance of the user, wherein said mobile 
information appliance comprises a portable remote control device or a set-top 
box for a television; 

{b) rendering an interpretation of the spoken request; 
(c) constructing a navigation query based upon the interpretation; 
(d)utilizing the navigation query to select a portion of the electronic data 

source; and 
(e) transmitting the selected portion of the electronic data source from the 

network server to the mobile information appliance of the user. {emphasis 
added) 

65. A computer program embodied on a computer readable medium for 
speech-based navigation of an electronic data source located at one or more 
network servers located remotely from a user, wherein a data link Is established 
between a mobile information appliance of the user and the one or more network 
servers, comprising: 

(a) a code segment that receives a spoken request for desired infonnation 
from the user utilizing the mobile information appliance of the user. wherein said 
mobile information appliance comprises a portable remote control device or a 
set~top box for a television; 

(b) a code segment that renders an interpretation of the spoken request; 
(c) a code segment that constructs a navigation query based upon the 

interpretation; 
( d) a code segment that utilizes the navigation query to select a portion of 

the electronic data source: and 
(e) a code segment that transmits the selected portion of the electronic 

data source from the network server to the mobile Information appliance of the 
user. (emphasis added) 

74. A system for speech-based navigation of an electronic data source 
located at one or more network servers located remotely from a user, 
comprising: 

(a) 

(b) 

a mobile information appliance operable to receive a spoken 
request for desired Information from the user, wherein said mobile 
lnfonnation appliance comprises a portable remote control device 
or a set-top box for a television; 
spoken language processing logic, operabl& to render an 

3 
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Interpretation of the spoken request; 
(c) query construction logic, operable to construct a navigation query 

based upon the interpretation; 
(d) navigation logic, operable to select a portion of the electronic data 

source using the navigation query. and 
(e) electronic communications infrastructure for transmitting the 

selected portion of the electronic data source from the network server to the 
mobile information appliance of the user. (emphasis added) 

Applicants' invention teaches a novel method and apparatus for speech-based 

navigation where the method receives spoken request for desired information from the 

user utilizing the mobile information appliance of the user, wherein said mobile 

information appliance comprises a portable remote control device or a set-top box for a 

television. This teaching is completely absent in the Levin and Bailey references. 

During the Examiner Interview, Applicants' representative indicated to the 

Examiner that the present claims specifically recite said moblle Information appliance 

comprises a portable remote control device or a set-top box for a television. Applicants' 

specification (e.g., on page 2) describes a need for a user interface that does not 

require the user to learn a highly specialized command language or format. In 

describing Applicants' invention in the context of a home entertainment setting, 

Applicants disclose the present invention within the context of a portable remote control 

device or a set-top box for a television. (e.g., See Applicants' specification, page 6, 

lines 4-20; and page 18, line 4 to page 19, line 9). In sum, Applicants' novel speech

based navigation method is claimed specifically within the context of a portable remote 

control device or a set-top box for a television. 

During the Examiner Interview, Applicants' representative presented to the 

Examiner that the combination of Levin and Bailey will fall short of making Applicants' 

invention obvious. Namely, both references do not disclose Applicants' novel speech

based navigation method within the context of a portable remote control device or a set

top box for a television. For example, Bailey states that ''the present invention generally 

relates to a method and system for combining the power, flexibility, and access to 

information and communications of the Internet with the simplicity, rellabilfty and wide 
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availability of the existing plain old telephone system (POTS)." (See Bailey, Column 1, 

lines 5-9) Specifically, the entire purpose of Bailey is to salvage the use of a plain old 

telephone system to access the Internet. Thus, Bailey does not disclose or suggest 

Applicants' novel speech-based navigation method within the context of a portable 

remote control device or a set-top box for a television. 

Second, the alleged combination (as taught by Bailey) states that "once the 

information is obtained the system presents the information to the user by transforming 

the downloaded text Into speech in a manner emulating the behavior of a web browser." 

(Emphasis added) (See Balley, Column 3, lines 21-26) Bailey then discloses a 

complicated method of notlfylng content, e.g., hyperlinks, of a web page to a user via 

audible signals. (See Bailey, Column 7, llne 5 to Column 8, line 10). Jn sum, Bailey 

conv~rts a telephone into a user interface that seives as a web browser as positively 

asserted by Bailey. This teaching is directly contrary to Applicants' invention which 

recites "receiving a spoken request for desired information from the user utilizing the 

mobile information appliance of the user, wherein said mobile information appllance 

comprises a portable remote control device or a set-top box for a television" and 

interpreting the spoken request. Applicants' invention is intended to address the 

criticality of not having to navigate the electronic data source, whereas Balley simply 

converts the web page content so that the user is required to manually navigate the 

data source by listening to different audible signals. Thus, Bailey teaches away from 

Applicants' novel speech-based navigation method. 

During the Examiner Interview, the Examiner indicated that he will re-evaluate 

the cited references and reconsider the present rejections. Therefore, the Applicants 

respectfully submit that independent claims 56, 65 and 74 are not made obvious by the 

Levin and Bailey references. As such, daims 56, 65 and 74 fully satisfy the 

requirements of 35 U.S.C. §103 and are patentable thereunder. 

Claims 57-64, 66-73 and 75-82 depend, either directly or indirectly, from claims 

56, 65 and 74 and recite additional features therefor. Since Levin and Bailey fall to 

make Applicants' Invention obvious as recited in Applicants' independent claims 56, 65 
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and 74, dependent claims 57-64, 66-73 and 75-82 are also not made obvious under 35 

U.S.C. § 103 and are allowable for the same reason noted above. 

Conclusion 

Thus, the Applicants submit that all of these claims now fully satisfy the 

requirements of 35 U.S.C. §103. Consequently, the Applicants believe that all these 

claims are presently in condition for allowance. Accordingly, both reconsideration of 

this application and its swift passage to issue are earnestly solicited. 

If, however, the Examiner believes that there are any unresolved issues requiring 

the issuance of a final action in any of the claims now pending in the application, it Is 

requested that the Examiner telephone Mr. Kin-Wah Tong. Esq. at (732) 530-9404 so 

that appropriate arrangements can be made for resolving such issues as expeditiously 

as possible. 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
First Floor, 
Shrewsbury, New Jersey 07702 

Recelwd from< 732 530 91108 ~at 116/03 7:03:49 l'M [Eastern Stu11lard Time) 

Respectfully submitted. 
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and 74, dependent claims 57-64, 66-73 and 75-82 are also not made obvious under 35

U.8.C. § 103 and are allowable for the same reason noted above.

Conclusion

Thus, the Applicants submit that all of these claims now fully satisfy the

requirements of 35 U.S.C. §103, Consequently, the Applicants believe that all these

claims are presently in condition for allowance. Accordingly, both reconsideration of

this application and its swift passage to issue are earnestly solicited.

If, however, the Examiner believes that there are any unresolved issues requiring

the issuance of a final action in any of the claims now pending in the application, itis

requested that the Examiner telephone Mr. Kin-Wah Tong, Esq. at (732) 530-9404 so

that appropriate arrangements can be madefor resolving such issues as expeditiously

as possible.

Respectfully submitted,

Silos po
Kin-Wah Tong, Atto
Reg. No. 39,400
(732) 530-9404

Moser, Patterson & Sheridan, LLP

595 Shrewsbury Avenue
First Floor,
Shrewsbury, New Jersey 07702

Recelved from < 732 530 9808 > ar 1/6103 7:03:45 PM [Eastern Standard Time}
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CONFIDENTIAL MATERIAL, AND YOUR DUE REGARD FOR THIS INFORMATION 18

NECESSARY, YOU MAY ARRANGE TO RETURN THIS MATERIAL BY CALLING THE FIRM
LISTED ABOVE AT(732) 530-9404
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THIS MESSAGE HAS 7 PAGES INCLUDING THIS SHEET

TO: Commnissioner ofPatents

FAX NO.: 703-746-7239 |

FROM: Kin-Wah Tong

DATE: January 6, 2003

 

MATTER: Seral No. 09/608,872 Filed: Tune 30, 2000

DOCKET NO.: SRI 1P0378

APPLICANT: HALVERSON, et al

The following has been received in the U.S. Patent and Trademark Office on the date ofthis facsimile:

___ Petition 4 Transmittal Letter (2copies)
___ Disclosure Statement & PTO-1449 — Fee Transmittal (2 copies)
___ Prietity Document _ Deposit Account Transaction
___. Drawings ¢ sheets) informal = Facsimile Transmission Certificate
__ Petition for Extension ofTime (2 copies) dated Jannary 6, 2003
X Response EESOO™

AT SMIS ER 1.3

Thereby certify that this correspondenceis being transmitted by facsimile to the Commissioner for
Patents, Box Noo-Fee Amendment, Washington, DC 20231 on_January 6, 2003 , Facsimile No.

703-746-7239 :

Kin-Wah To a = ty,Lae January 6, 2003
Name ofperson signing this certificate Signature and date
 

Received fram < 732 530 9408 > at 1/6/03 7:03:49 PM [Eastern Standard Time]
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01/06103 19:03 FAX 732 530 9· ~ MOSER PA1TERSON SHERIDAN laroo2 

PTOISB/21 (08-00} 
Please type a plus sign ( .. ) lnsitle ttils box---:> [!J Approved tor use through 10/3112002. OM9 0651~031 

U.S. Palen\ anti Tratlemark Office: U.S. DEPARTMENT OF COMMERCE 
U!lder ITT!! Paperwork Reducllon Ad of 1995, no prusoris ara required to respord to a ccllectlon oflnfom1'!lion Lmless il cl/splays a llSlld Cfii8 ecnl:rOI !ll.lmba~ 

Application Numb.tr 091608,872 

TRANSMITTAL Fiiing Date June 30, 2000 

FORM First Named Inventor HALVERSON 

(to be used tor all corraspond&noo after Initial filing) Group Art Unit 2155 

Examiner Name FRANTZ JEAN 

Tota! !\lumber of Pages in This Submission I Attorney Docket Number SRI 1P0376 

ENCLOSURES fchack aUthal 

0 Fee Transmittal Form D Asslgnment Papers D After Allowance Comroonicatlon to 
(for an App/ktllkJrl) Group 

0 Fee Attached 0 Drawing(s) 0 Appeal CommunlcaOon to Bosrci of 
Appeals arid Interferences 

[8J Arnendmerit I Respo11se 0 Uoensing-re!etad Papers 0 Appeal CormiunicatlOfl to Group 
(Appe<ll Notice, Brief, Reply i3Jfef) 

0 After Fincil 0 Petilion 0 Proprietary Information 

0 Affidavlts/declaration(s} 
0 Petition to convert to a 0 Status Letter Provisional Applieati011 

0 Extension of Time Request 
0 Powar of Attorney, Revocafiori [8J Other Enciosure(s) 

Change of Comispondenoe Addnus 
'"""""~ ~ l>e/cw); 

0 Terminal Disda!mer Certificate of f'acslmile 
D Express Abandonment Request Transmission 

0 Request fur Refund 

0 Information Olsclosi.sa Statement 0 CO, Number of CD(s) __ 

D Certifietl COpy Of Pliot1ty It is believed no fee Is due. However, ln the event a fee Is dye, 

Document(s) ldndly charge that fee to deposit account number 20-0782. To 
Remarks facilitate ttlat charge, a duplk:ate copy Of this letter Is 

enclosed 

D Response to Missing Parts/ 
l11corn~te Application 

0 Respo11se to Missing 
Parts under 37 CFR 
1.520r1.53 

SIGNATURE OF APPLICANT, ATTORNEY OR AGENT 
Fl~ 

" KIN-WAH TONG, ESQ., Reg. No. 39,400 
lndividu::;il name 

~~ Signature 

Dato January 6, 2003 

Burden Hour Slatament This form Is 1111\imQted to take 0.2 nours to complele. Time wJll vary depending upon the need• of Iha indillidual case. Arly 
comments on the amount of Hme you are required lo complete this fonn !hould be send lo tha Chief Information Otflcer, U.S. Pateflt and Tradefll8fk 
Office, Washirigton, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: As$i$1ant Commlssi<>ner fw 
Palents, Washinglon, DC 20231. 

Received from" r.12 531198118 >at 116103 7;03:49PM [Eastern Standard Time] 
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___ Q_l/06103 19:03 FAX 732 530 9 1 MOSER PATI'ERSON SHERIDAN 
141003 

PTOISB/21 (08-00) 
Please type a o!us sign (+)inside 1tirs box ---7 G Appl"O'led for use thrQugh 10/3112002. OMB 0651-0031 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Papel'lllQJI< ReduCllon Ac:tor 1995,"" p<jraOl'IS are requ~ed to respond u. e wllecllon or iifQrmi>b> ...,lasS a displays a valid OMB contrQ\ m6l'ber. 

App11cat1on Number 09f608,872 

TRANSMITTAL Fiiing Date June 30, 2000 

FORM First Named Inventor HALVERSON 

(to bei USlild for aN cr:>rrespondene() after inllia/ filing) Group Art Unit 2155 

Examiner Name FRANlZ JEAN 

Total Number of Pages in This Submi$$ion I Attorney Docket Number SRI 1 P0378 

ENCLOSURES tcflecJr. all that appl_vl 

D Fee Transmittal FOl'm 0 Assignment Papen~ 0 After Allowance Gomrn1.1nlcatloo to 
{fore" AppJicatioll) Group 

D Fee Atlached D Orawing{s) D Appeal Communica6on to Board of 
Appeals and lnterference5 

f2'J Amendment I RespCiflse 0 Licel'1$ing-related Pi!pel°S D Appeal Communicatloo lo Group 
(4o,oeaJ Mltice, Bn'ef. Reply BMf/ 

D After Final 0 Petitbn 0 Proprietary Information 

0 Affidavllsfdeclaration(s) 
0 Petition lo Convert to a D status Letter Provl$lona1 AppllcaUon 

0 i:,t;teosioo of Time Req~t 
D Power of Attorney, Rewcaliofl [8l Olhef Enclosure(s) 

Change of Corraspondence Address (pie~ ldsn/Jfy W4<>W}: 

0 Terminal Dlsclailler Certlncate of Facsimile= 
D Express Abandonment Request 0 Request for Refund 

Transmission 

0 l11formation Disclosure statement D CD, Number of CD(s) __ 

0 Certified Copy of Priority It ls bellevad no fee Is due. However, ln the event a tee Is due. 

DOcumenl(s) kindly charge that fee to depoalt account number 20-07U "To 
Remarks faciUta141 that enarge, a duplicate copy of this ~r Is 

enclosed 

0 Response to Missing Parts/ 
lni:omplete Application 

D Response to Missing 
Parts under37 CFR 
1.52or1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Fl~ 

" KIN-WAH TONG,-ESO .• Reg. No. 39,400 
Individual name 

Sig mill.ire ?"'JU;;ti-. 
D•lo January 6, 2()03 

Bu~ Hour S1atemen1: This form I& iwtimale<i lo take 0.2 hours t<> ce>mplele, Time wll very depending upon the needs of the 1ndivicluel cooe. Any 
commenl$ un Ille amcunl cl &ne you are required te> CQmplelil lhis f<>rm should be $efld to lhe CNef 1nroimallun Officer, US. ~nt and Tradtomerx 
Office, Washin;lton. OC 20231. 00 NOT SENO FEES OR COMPLETEO FORMS TO "THIS ADDRESS. Sl:NO TO Assistenl Comtnlsslon8T for 
Patents. Washington, cc 20231, 

Received f!'Om .: 732 S30 9808 > ill 116/0J 7:03:49 PM (!!:astern Standwd l1me] 
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UNITED Sv..TES PATENT AND 'IRADEMARK 0FF10E 

APPLICATION NO. FJUNGDATE FIRST NAMED INVENTOR 

091608,872 06130/lOOO Christine Halversen 

7590 Ol!0912003 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

UNrrED STATES DEPARTMENT OP COMMEiiCE 
Uni"'d S""t•• Patent .. nd Tr .. .u..n..•• Orne. 
A<ldn"'" C<:M>4rSSIONER 01' PATENTS AND l'RALlEMAflKS 

WosN ... -. 0.0. 0=1 
"""'"·""P"'·l<W 

I A ITORNEY DOCKET NO. CONFIRMATION NO. 

SR!lp037B 2382 

EXAMINER 

JEAN, FRANTZ B 

ARTUNIT PAPERNUMBERef6J 

2155 

DA TB MAfLED: 01/09/2003 

Please find below and/Or attached an Office communication concerning this application or proceeding. 

PT0-90C {Rev. 07-01) 

DISH, Exh. 1004, p. 196

Petitioner Microsoft Corporation - Ex. 1008, p. 896

Unirep STATES PsaTENT AND TRADEMARK OFFICE
 UNITED STATES DEPARTMENT OF COMMERCE

Unirad States Patent and Trademark Office
Addraam ONER OF FATENTS AND TRADEMARES

Woahington, D0. 20281PyUAE.gov

APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
09/608,872 06/30/2000 Christine Halversen SR|po37B 23582

7590 01/09/2003

THOMASON, MOSER & PATTERSON,LLP
595 SHREWSBURY AVENUE
SUITE 100 JEAN, FRANTZ B
SHREWSBURY. NJ 07702

2155

DATE MAILED:01/09/2003

Please find below and/orattached an Office communication concerning this application or proceeding.

PTO-90€ (Rev. 07-01)
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Interview Summary 

Application No. 

09/608,872 

Examiner 

Frantz B. Jean 

All participants (applicant, applicant's representative, PTO personnel): 

(1) Frantz B. Jean. 

(2) Kin-Wah Tong. 

Date of Interview: 23 December 2002. 

Type: a)O Telephonic b)O Video Conference 

(3) __ . 

(4) __ . 

Appllcant{s) 

HAL VER SEN ET AL. 

Art Unit 

2155 

c)i2'.Q Personal [copy given to: 1)0 applicant 2)[21 applicant's representative] 

Exhibit shown or demonstration conducted: d)O Yes e)[g/ No. 
If Yes, brief description: __ . . 

Claim(s) discussed:~ o:J~ ·. 
Identification of prior art discussed: ..LeJ;~ I Jc.,,._ ~ . 
Agreement with respect to the daims f)O was reached. g)[g/ was not reached. h)O NIA. 

Substance of Interview inducting descriptio~ otJhe general nature of what was agreed to if an agreement was 
reached, or any other comments: .....51&!-.4'!..l:br,.J , 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the daims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

t)f""t It is not necessary for applicant to provide a separate record of the substance of the interview(if box is r· checked). 

Unless the paragraph above has been checked, THE FORMAL WRITIEN REPLY TO THE LAST OFFICE ACTION 
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office 
action has already been filed. APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A 
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on 
reverse side or on attached sheet. 

~'cew.:£1 ~~l'r./~ tA·vU.-- /l.,f-&~~...___ 
M ~ .. p(.._ ~ ~ ~.,__ IL;...,..·,.,_ J 'I~« . 

/,_v~ f- ~~ , :K~ d4~0_ . ~ 
~ c4.,..'v&-.,L t ,,,,Ji~!/-~ fL.._.y-.._ ~ /:-~ ,,t.-·,._ 
~f.- ~~ ~~~h·~. . . . 

Examiner Note: You must sign this form urless ii is an 
Attachment to a signed Office action. 

U.S. Pat...,land Trademark Ollie» 
PT0-413 (Rev. 03- 96) Interview Summary 

{J, .. vvl~ 
Ex ~gnature, if required 

/ 

Paper Ne. 25 
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1mmary of Record of Interview Requireme. 

Manual of Patent Examining Procedure (MPEP), Section 713,04, Substanc.e of lntVNlew Must be Made of Record 
A complete written statem"nt as to the substance of any face-to-face, video conlerenc", or telephone inte111iewwith r~ard lo 11n application must be made of record in the 
appli~ion wh«l>w w nd an~~ with the examiner was fli!llched al lhe inU.rview. 

Title 37 Code of Federal Regulations (CFRJ § 1.133 Interviews 
Paragrap/l {b) 

In e~rYinstancewhera rec:onsid&ration Is requested in view of an interview with an examino•r, a compl&U. written staU.ment of the reasons present&d at the inU.111lew as 
warr11nllng favorable action must be flied by the llj)pllcant. An interview does not remove the neces.;ltyfor reply to Office action as specili<ld in§§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR§l.2 Business lo be transacted in writing. 
All bLISlness with lhe P11tent or Trademark Offioe should be transacted in writing. The peraonal attendance of apPllcants or their attorn"ys or ag"nb al the Patent and 
Trad<miark Office Is unn~ssary. Th" action of the Palenl and Tmdema!k Office will be b8$ed exeluslvelyon the w1itten record In the Office. NoanenUon will be paid to 
any alleged oral promise, stipulation, or undeistanding in rt!lation to whfchtt~re Is disagree merit or doubt 

The action of the Patent and Trademark Office cannot be based exclusively on the written record In the Office if that record is it$eff 
incomplete through the failure to record the substance cl interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an Interview of record in the application file, unless 
the eXaminer indicates he or she will do so. II is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
Which bear direcUy on the question of patentability. 

Examiners mt.1st complete an Interview Summary Form for each interview held Where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling In the blanks. DiscusstOfls regarding only prcx:edural matters, directed s~ely to restriction 
requirements for which ln(er<Jievv recordafion is otherwise provided for in Sectron 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script In Office actions or the like, are excluded from the Interview recordation procedures below. Where the 
substance of an Interview is completely recorded in an Examiners Amendment, no separate lntervlsw Summary Record is required. 

The Interview Summery Form shall be given an appropriate Paper No., pjaced In the right hand portion of the file, and listed on the 
"Contents" :section of the file wrapper. In a perioonal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy Is mailed to the applicant's correspandence address 
either Wilh or prior le lh11 next offlciS =munication. If a:k//tkma/ corresponQenoe from the sxaminer is nof likely before an affowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than With the next official communication. 

The Form provides for recordation of the following lnformaUon: 
- AppllcaUon Number (Series Code and Serial Number) 

Named applic<nt 
Name of examiner 
Date of Interview 
Typed lntervlew (telephonlc, video-conference, or personal) 
Name of paticipant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
An indication whether or not an exhibit was Shown or a dem1;1nstration conducted 
An identification of the specific prior art discussed 
An lndiea/ion whelher an agreement was reached and if so, a description of the general nalure of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement a1:1 to allowabillty Is tentative and does 
not restrict further action by the examiner to the contrary. 
The signature of the examiner who conducted the interview (if Form ii:; not an attachment to a signed Office action) 

It is desiraPle that the examiner orally remind the applicant of his or her oPllgation to record the substance of the Interview r:J each case 
unle$$ bo!h applicant and examiner agree that the examiner 'Ni« record SllllTEI, Where the examiner agrees to record ffle :substance of the Interview, 
or when it is adequately recorded on the Form or In an attachment to the Form, the examiner should check the appropriate box at the bottom of tho!I 
Form Which informs the applicant that the submission of a separate record of the substance of the interview as a supplement to the Form is not 
required. 

II should be noted, however, that the Interview Summary form will not normally be considered a complete and proper recordation of the 
interview unless it Includes, or Is supplemented by the applicant or the examiner to Include, all of the applicable items required below concerning the 
substance of the inlefview. 

A complete and proper recordation of the substance of any interview shoUld include at least the following applicable ltetns: 
1) A brief description of the nature of any exhibit >shown or any demonstration conducted, 
2) an Identification of the claims discussed, 
3) an identification of the specific prlor «t dlSCUS$ed, 
4) an Identification of the principal proposed amendments Of a sub$tantive na!Ure discussed. unless l~e are alteady Q8'Scribed Oil lhe 

Interview Summary fo;rm completed by the Examiner, 
5) a brief identification of the general thrust d the principal arguments presented to the examiner, 

(The Identification of arguments need not be lengthy or elaborate. A verbatim or highly detallti!d descrlpUon of tht1 arguments is not 
required. The identification a the arguments Is stlfficlent if the general nature or thrust of the principal erguments made to the 
examiner can be under$tood In the context of the applicaUon file. Of CQUrse, the applicant may de:slre to emphMize and fully 
describe those arguments Vltllch he or she feels were or might be persuasive to the examiner,) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome Of the interview unless already described in the Interview Summary form completed by 

the examiner. 

Examiners are expected to carefully review the applicant's record of the substance of an Interview. If the record Is not complete and 
accurate, the examiner Will give the eppllcanl an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a loatter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the Indication, "Interview Record OK'' on the 
paper recording the sUbstance of the interview along w!lh the date and the examiner's Initials. 

2 
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Appllcant(s) 

Notice of Allowability 

Applfcation No. 

091608,872 HAL VER SEN ET Al. 
Examiner Art lJnit 

Frantz B. Jea11 2155 

-- Th9 MAILING DA TE of this communication appears on th& co~r sh&et wfth th9 correspondsnce address
Aff claims being allowable, f:>ROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication Will be mailed in due cour&?t. THIS 
NO'TICE OF ALLOWABILITY IS NOi AGRANi OF PAiENl RIGHTS. rhis application is subjeci to withdrawal from issue al the initiative 
of the Office or upon petilion by the atJplic~I. See 37 CFR 1.313 and MPEP 1308. 

1. [8 This communication is responsive to the response flJed on 1/06/2003. 

2.@ The allowed daim(s) is/are 56-82 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 0 Ackno\IV1edgment is made of a daim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)D All b)OSome~ c)ONone ofthe: 

1. D Certified copies of the priority documents have been received. 

2:. D Certified copies of the priority doOJments have been received in Application No. __ . 

J. D Copies of fhe certified copies of the priority documents have t:>&en received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

• Certified copies not received: __ . 

5. 0 Acknowledgrnent is made of a claim for domestic priority under 35 U.S,C. § 119(e) (to a provisional application). 

(a)O The translation of the foreign language provisional application has been recelved. 

6. 0 Acknowledgment ls made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted 
below. Failure to timely comply Will result in ABANDDNME.Nr of this application. THIS rHREE-MONTH PERIOD IS NOT EXTEND ABLE 

7. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the 8ftached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0·152) which gives reason(s) why the oath or declaration is deficient 

8. 0 CORRECTED DRAWINGS must be submitted. 

(a) 0 inciudin.g changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) (SJ hereto ·or 2) D to Paper No._._. 

(b) D indudin.g changes reqwired by the proposed drawing correction filed __ , which has been approved by the Exarniner. 

(c) D lnciuding changes required by the attached Examiner's Amendment J Comment or irt the Office action of Paper No. __ . 

Identifying indiclrr. ~ucb 11s Un ftPpJ/calicn number (see 37 CFR 1.$4(c)) sboufd be wrlttan on the drawing& In the top margin (not the b1tck) 
of each sheet The drtiwlngs shall Id be flied a.- a separate pep er with a transmittal lotter addr.ssod to tho Official Dr-'tsptJnon. 

9. 0 DEPOSIT OF and/or INFORMATION abotit the deposit of BlOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL 

Attachment{s~ 

10 Nollce of References Cited (PT0-692) 
30 Nollce of Draftperson's Patent Drawing Review (PI0-948) 
50 Information Olsdosure Statements (PT0-1449), Paper No. __ . 
70 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

U.S. Pe.t~nt~nd r..,.;erna!I< Offloe 

PT0-37 (Rev. 04-01) 

20 Notice of Informal Patent Application (Pl0-152) 
40 Interview Summary (PT0-413), Paper No. __ 
60 Examlne:r's Amendment/Comment 
80 Examiner's Statement of Reasons for Allowance 
90 Other 

Part of Papef Na. 27 
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Application No. - Appticant(s) rt

- ess 09/608,872 HALVERGSEN ET AL.
Notice ofAllowability Examiner Art Unit

Frantz B. Jean 2155

~ The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
Ail claims being allowable, PROSECUTION ON THE MERITS 1S (OR REMAINS) CLOSEDin this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85}or other appropriate communicationwill be mailed in due course, THIS

NOTIGE OF ALLOWABILITY [8 NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from Issue ai the initialive
of the Office or upon petition by the applicant, See 37 CFR 1.313 and MPEP 1308.

4. KX] This communication is responsive (o the responsefiled on 1/06/2003.
2. E The allowed claim(s)is/are 56-82.
3. CE] The drawingsfiled on ste accepted by the Examiner.
4. £1) Acknowledgment is made ofa claim for foreign priority under 36 U.S.C. § 119(a)-(d) or (f),

a0 Al bj) Some* oh} DL) None ofthe:

4.2 Certified copies of the priority documents have been received.

2. C2 Certified copies of the priority documents have been received in Application No.

3, DD Capiesofthe certified copies of the priority documents have been receivedin this national Stage application from the
International Bureau {PCT Rule 17.2fa)).

* Certifled copies natreceived:_

6.0] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) 7) The translation of the foreign language provisional application has been received,

6, C] Acknowledgment is made of a claim for domestic priority under 35 U.5.C. §§ 126 and/or 121.

 

Applicant has THREE MONTHS FROM THE “MAILING DATE”of this communicationto file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENTofthis application, THIS THREE-MONTH PERIOD is NOT EXTENDABLE

7.) A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the atiached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declarationis deficient.

8. XJ CORRECTED DRAWINGS mustbe submitted.
(a) including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948)atlached

1} Bt hereto or 2)CT fo PaperNo..

(b}L including changes required by the praposed drawing correction filed . which has been approved by the Examiner,

(¢)CJ including changes required by the attached Examiner's Amendment / Comment orint the Office action of Paper No.

 

identifying indicia such as the application number (see 37 CFR 1,64(c}) should be written on the drawingsin the tep margin (not the back}
ofeach sheet, The drawings shauld be filed as a separate paper with a transmittal letter addressed to the Official Draftsparson.

9. L] DEPOSIT OF and/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

| Attachment(s}

11D Notice of References Cited (PTO-892) 2] Notice of Informal Patent Application (PTO-152)
3&1] Notice of Draftperson’s Patent Drawing Review (PTO-948) 4) Interview Summary (PTO-413), Paper No.
6(J Information Disclosure Statements (PTO-1449), Paper No. ___. 6CT Examiner's Amendment/Comment
7 Examiner's Comment Regarding Requirement for Deposit 8d Examiner's Statement of Reasons for Allowance

of Biological Material aC] Other

US. Patent and Trademark Office

PTO-37 (Rev. 04-04) Notice ofAllowability Part of Paper No. 27
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Application/Control Number: 09/608,872: Page2 

Art Unit: 2155 

1. Claims 56-82 are allowable over the prior art made of record and in light of Applicants' 

arguments .. 

2. The response filed on 01/08/2003 has been entered. 

Reasons for Allowance 

3. The examiner respectfully submits that the specific techniques of providing a speech-based 

navigation where a spoken request for desired information is received from a user utilizing a 

mobile information appliance of the user, wherein the mobile infonnation appliance comprises a 

portable remote control device or a set-top box for a television; in conjunction with the other 

limitations of the dependent and independent claims 56-82 were not shown by, would not have 

been obvious over, nor would have been fairly suggested by the prior art made of record. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled '"Comments on Statement of Reasons for 

Allowance." 

. 4. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Frantz B. Jean whose telephone number is (703) 305-3970. The examiner 

can normally be reached on Monday thru Friday from 8:30 to 6:00. 

DISH, Exh. 1004, p. 200

Petitioner Microsoft Corporation - Ex. 1008, p. 900



Application/Control Number: 09/608,872: Page3 

Art Unit: 2155 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Ayaz R. Sheikh, can be reached on (703) 305-9648. The fax phone numbers for this Group are 

(703) 746-7238 for After-Final, (703) 746-7239 for Official, and (703) 746-7240 for Non-

Official/Draft. 

Communications via Internet e-mail regarding this application, other than those under 35 

U.S.C. 132 or which otherwise require a signature, may be used by the applicant and should be 

addressed to [Ayaz.Sheikh@uspto.gov]. 

All Internet e-mail communications will be made of record in the application file. PTO 

employees do not engage in Internet communications where there exists a possibility that sensitive 

information could be identified or exchanged unless the record includes a properly signed express 

waiver of the confidentiality requirements of 35 U.S.C. 122. This is more clearly set forth in the 

Interim Internet Usage Policy published in the Official Gazette of the Patent and Trademark on 

February25, 1997at1195 OG89. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the Group receptionist whose telephone number is (703) 305-3900. 

Q:?-
·Frantz B. Jean 
March 07, 2003 
FBI/ 
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Attachment for PT0-948 (Rev. 03/0l, or earlier) 
6/18/01 

The below text replaces the pre-printed text under the heading, 
"Information on How to Effect Drawing Changes," on the back 
of the PT0-948 (Rev. 03/01, or earlier) form. 

INFO~~IATION ON HO\V TO EFFECT DRA \\'ING CHANGES 

l. Correction of [nformalities -- 37 CFR l.85 

New corrected drawings must be filed with the changes incorporated therein 
Identifying indicia. if provided. should include the title of the invention, 
inventor's name, and application number, or docket number (if any) if an 
application number has not been assigned to the application If this informat1ori is 
provided, it must be placed on the front of each sheet and centered wnhin the top 
margin lf corrected drawings are required in a Notice of .-\llowabi!ity (PTOL-
37), the new drawings MUST be filed within rhe THREE 1\fONTH shonened 
statutory period set for reply in the Notice of A.llowabi\11y Extensions oft1me 
may NOT be obtained under the provisions of 37 CFR I I J6(a) or (b) for filing 
the corrected drawings after the mailing of a Sorice of . ..\llowability The 
drawings should be filed as a separate paper \\·tth a transmittal letter addressed io 

rhe Official Draftsperson 

2. Corrections other than lnform:i.lities .\.oted tJy Dr:1ftsperso1fo11 form Pff)-
948. 

A!I changes co the dra\l,·ings, other than 1nformal1t1es n<.)te-:: by the Draftspers0n. 
l\tUST be made in the same manner as above except that. normally, a hzghli!;!hteC 
(preferably red ink) sketch of the changes to be incorporated into the ne\v 
drawings :'>.1LST be approved by the examiner bet'ore the applicac1on \\'tll b~ 
allov.·ed '.\o changes 1.vdl be pern11tted to be 1nade. other than correction oi" 
informalities. unless the examiner has apprO\cJ ti1c propvscd changes 

Timing of Corrections 

Applicant is required to submit the dra'"·ing corrections \\'1th1n the 
time period set in the attached Office communication See 37 CFR 
I 85(a). 

Fatltire to take corrective action \'11th1111ii~ set ]Jer1od \~111result111 
.-\13.-\:-.00"-\IE:-.T ofihe oppltcOli01l 

06/0 l.'0 I 
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NOTICE OF ALLOWANCE ANO FEE(S) DUE 

7590 0)/J J/2003 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY AVENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

EXAMINER 

JEAN, FRANTZ B 

AATUNIT CLASS-SUBCLASS 

2lSS 709-218000 

DATE MAILED: 03/1112003 

APPLICATION NO. RUNG DATE I FIRST NAM~D INVENTOR I A1TORNEYDOCKFfNO. CONFIRMATION NO. 

09/608,872 06130nooo Christine Halversen SIULP037B 2382 

TITLE OF INVENTION: MOBILE NAVI(JATION OF NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN INPUT 

APPLN. TYPE SMALL £NT1TY JSSUEFEE PUBLJCATION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional YES $650 '" $650 0611112003 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECJJTION QN IliE MERITS .IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APrLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE lSSUE FEE AND PUBLICATION FEE (IF REQUIRED) l\.lUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE Ol? THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED • .IHI.S STAIUWRY 
PERIOD CANNOT BE. EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE.PTOL-85B (OR AN EQUIVALENT) 
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPUCATION WILL BE REGARDED AS 
ABANDONED. 

HOW TO REPLY TO THIS NOTlCE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 
A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE {if required) 
and twice the amount of the ISSUE FEE shown above and notify the 
United States Patent and Trademark Office of the change in status, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENT1TY status before, or is no1v 
claiming SMALL ENTITY status-, check the box below and enclose 
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. 

l:J Applicant claims SMALL ENTITY status. 
See 37 CPR 1.27. 

If. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (US PTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give the application number. Please direc{all communications prior to issuance to 
Box ISSUE FEE unless advised to the contrary. 

IMPORT ANT REMINDER: Utility patents Issuing on applications filed on or after Dec. 12, 1984) may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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SUITE 100

SHREWSBURY,NJ 07702
2155 709-21 8900

DATE MAILED:03/11/2003

09/608872 06/30/2000 Christine Halversen | SRILPO37B 2382

TITLE OF INVENTION: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN INPUT

remucanonres|TorAc ee) 08

" Honprovisional $650 £650 06/11/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT,
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT 4 GRANT OF PATENT RIGHTS.
THIS APTLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR L313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIGUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THEPTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVENIF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED 4S
ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES,verity your current If the SMALL ENTITYis shown as NO:
SMALL ENTITYstatus:

A. Ifthestatus is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S} DUE shown above, or
above.

B.Ifthe status is changed, pay the PUBLICATIONFEE (if required) |B.If applicant claimed SMALL ENTITY stats before,or is now
and twice the amount of the ISSUE FEE shown above and notify the|claiming SMALL ENTITY status, check the box below and enclose
United States Patent and Trademark Office of the change in status, or|the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. _

QO Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

If. PART B - FEE(S} TRANSMITTALshould be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATIONFEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and retumed. If you are chargingthe fee(s} to your deposit account, section “4b" of Part B - Fee(s} Transmittal should be
completed and an extra copy of the form should be submitted.

TE. All communications regarding this application must give the application number. Please directall communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PARTBw FEE(S)TRANSMI'ITAL 

---t'lete and send this form, together with applicable fee(s), tG: Mail 8G.x ISSUE FEE 
Commissioner for Patents 
Washington, D.C. 20231 
(703)746-4000-

ST U TIONS: Thili otm should e used r transmirung the S UE and P CA (i require . ocks 1 through 4 shou d be completed where 
appro.oriate. All furlber Wl're$po-ndence including the patent, advance orders lllJd ooQficalion of mailltenance tees will mailed to the current correspondence address as 
indica1ed unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate ''FEE ADDRESS" for 
maintenance fee notifications. 
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7S!Xl 0311112003 Fee(s) Transmittal. This certificate cannot be used fur any other 
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accompanying papers. Each additional paper, such as an assigriment or 
fonnar dniwing, must have Its own certificate cifmailing or tninsm.ission. 

Certificait of Mailing or Tralllimlsslon 
SUITE 100 
SHREWSBURY, NJ 07702 

I herehy certifv that this fce(s) Transmittal is being deposited with the 
United States futal Service Wlth sufficient pOslage fur first class mail in an 
envelope addressed to the Box Issue Fee address above, or being facsimile I "-'"''"' ilio USPTO, ~<ho''" ;,&"wd "'''"· '°""'~""'I 

(S<Vli'l"re) 

(0.te) 

APPUCATIONNO F!UNG [)ATE FIRST NAME]) INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO. 

091608,872 06/3012000 Christine Ha Iversen SRJLP037B 
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APPLN. TYPE SMALL ENTITY !SSUEFEE 

nonprovisional YES .$650 

EXAMINER ARTllNIT 

JEAN, FRANTZ B 215S 

I. Change of correspondence address or indication of"Fee Address" (37 
CFR 1.363). 

PUBLICATION FEE TOT Al FEE(S) DUE 

.$6.50 

CLASS-SUBCLASS 

709-218000 

2382 

DATE[)UE 

06/l J/2003 

Q Change ofconesp<;indence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

2, Fo_r printing on the pat~nt front page, list (l) 
tM n11111.es o( up ro 3 n::gistered pruenc attorneys 
or agoents OR, altematively, (2) the name of a 
single: flnn (having as a member a registered 
attorney or agent) and the names of up to 2 
registered patent attorneys or agents. If no name 
is listed, no name will be Printed. 

'-------
Q "Fee Address" indicati()n (or "Fee Address" Indication form 
PTOISB/47; Rev 03-ll2 or more recent) attached. Use of a Customer 
Numl>er ls required. 

3. ASSIGNEE NAME AND RESIDENCE DAT A TO BE PRINTED ON THE PATENT (print or type) 

'-------

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data ii; onll apPropriate when an assigrunent has 
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this follll is NOT a substitute for fl ingan assignment. 
(A) NAME OF ASSIONEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check ihe appropriate as:;ignee category or categories (will not be printed on the patent) Cl individual IJ OOl}lorati<in or other private group entity IJ government 

4a. The following fee(s) are enclosed: 4h. Payment ofFee(s); 

Q Issue Fee QA check in the amount of the fee{ a) is enclosed. 

Q Publication Fee Cl Payment hy ctedit card. Fonn PTQ-2038 is attached. 

Q Advance Order - # ofC<ipies Cl lhe.Commissioneris hereby authtirized by charge the required fee(sl, o.r credit any overpayment, to 
Depooit Account Numher (enclose an extra copy Oftlus fonn). 

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any prevmusly paid issue tee to the application identified above. 

(Authorized Signature) (Date) 

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted fi:om anyone 
other than the applicint; a registered attomey ur agent; or the assignee or other party in 
interest as shown Oy tbe records of the Unlted States Patent and Traden\ark Office. 

This oollection of mfonnation is required by 37 CFR ] .31 ]. The lnfomtallon 1s required to 
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an 
aprJjt;itJcn. Confidenlia!ity is govi:=d by 35 f}.S.C. 122 and 37 CFR 1.14. This collection is 
estmiated le> take 12 minutes to com_j)lete, including gathering, preparing, and submitting lhe 
completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you re<JUire to complete this fonn and/or 
suggestions for reduclng this burden, should he sem lo the Chief Tnfomtation Officer, U.S_ 
Patent and Trademark Offi~~ U.S. Dellartrnent of Commerce1• Washington, D.C. 20231. DO 
NOT SEND FEES OR ..... oMPLEtl:D FORMS TO TnIS ADDRESS. SEND TO: 
Comrnfasionerfor Patents, Washington, DC 20l31. 

Under.the P~ork Rc.:tuction Act of 1995, no persons ate required to respond lo a 
collectl<>n ofinfornuuioo unless it displays a valid OMB control nurn~. 

TRANSMIT THIS FORM WITH FEE(S) 
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- PART B- FEE(S) TRANSMITTAL

...,lete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231

Fax (703)746-4000-
STRUCTIONS; This totm should be. used for transiutting the [SSUE LICA IIOr (if required). Blocks | through 4 should be completed where

appropriate. Al) further correspondence including the Patent, advance orders and notification of maintenance fees willbemailed ¢o the current correspondence address asd uttless corrected below ar directed otherwise in Block |, hy (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"for
maintenance fee notifications. .

   
  

  
   
 
         URRENT CORRES DRESo (Hole: Legis up Wilhanycomectons Note: A certilicate of mailing can only Ge used ior domestic mailings of the

7590 03/11/2003. Fee(s) Transmittal, This certificate cannot be used for any other
accompanying papers. Each additional paper, such as an assignment or

THOMASON, MOSER & PATTERSON, LLP formal drawing, must have ils own certificate ofmailing or transmission.
393 SHREWSBURY AVENUE Certificate ofMailing or Transmission
SUITE 100|here feet that. this Fee(s) Transmittal Js beingdeposited with thetes w
SHREWSBURY,NJ 07702 ni anvice With suificien age for first class mail in anenvelope addressed to the Box Issue Fee address above, or being facsimile

transmitted to the USPTO, on the date indicated below,

 
(Depeositor's name)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

09/608,872 06/30/2000 Christine Halversen SRILP0378 2382
TITLE GF INVENTION: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC INFORMATION LISING SPOKEN INPUT

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S} DYE DATE DUE.

nenprevisional YES $650 40 $650 06/1 1/2003

TET

JEAN, FRANTZ B : 2158 . 709-218000
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2, For printing on the patent front page, list (1)
the nates of up co 3 regigcered patent attormeys: Le

Oi Change ofcoreapondence address (or Change ofCorrespondence or agents OR, alternatively, (2) the name of aAddress form PTO/SB/1 22) attached. single ficm (having a6 a member a tegisteted 3
re . attormey or agent) and the names of up te 2

Q “Fee Address” indication (or "Fee Address" Indication form regi; gistered patent attorneys or agents. If no name
rrTabheed Or more recent) attached. Use of a Customer is listed, no name will de printed. 3

 

 

3, ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (printof typ?)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on thepatent, inchision of assignee data ig only appropriate when an assignment hasbeen previously submitted to the USPTO or is being submitted under separate cover. Completion of this fonn is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check ihe appropriate assignee category or categories (will not be printed on the patent) Qindividual .O corporation or other private group entity © government

4a. The following fee(s} are enclosed: 4b. PaymentofFee(s):
O Issue Fee OA check in the amountofthe fees} is enclosed.
O Publication Fee / (2 Payment by credit card. Form PT-2038 is attached.

. . Q The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment,teGl Advance Order-# of Copies_________ Deposit Account Numberesenclose an china copy @ this form). y :aee

Comimissionerfor Paterits is requested to apply the Issue Fee and Publication Fes (if any) or to re-apply any previously paid issue fee to the application identified above,

(Authorized Signature) (Date)   
 
 
 

 
 
 

 

NOTE, The Issue Fee and Publication Foe (if required) will not be accepled trom anyon
other than the applicant; 4 registered atiomey oT agen’: or the assignee or other party ininterest as shown by the records of the United States Patent and Trademark Office.

This collection of information is required by 27 CFR 1.3/1. The Information is required toobtain or retain a benefit by the public whichis to file (and by the USPTO to process) anplication. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes io complete, including gathering, preparing, and submitting the
completed appheation form to the USPTO. Time will vary depending upon the individual
case. Any comments On the amount of time you require to complete this form and/or
s stions for reducing this burden, should be sent ta the Chief Infonnation Offtcer, US.
Patent and Trademark Office, US. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231,

Under the Paperwork Reduction Act of 1995, no petsons are required to respond i¢ acollection of information unless jt displays a valid OMB.control number.  
: TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV. 04-02) Approved for use through 9 1/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

DISH, Exh. 1004, p. 205

Petitioner Microsoft Corporation - Ex. 1008, p. 905



AfPLICAT!ON NO. fJLJNODATE 

09/608,872 0613012001) 

7590 03/l l/2003 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY AVENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

FIRST NAMED INVENTOR 

Christine Halversen 

' 
UNITED STATES DEPARTMENT OF COMMERCE 
United St.a..,. Pat.,.,,t and T..ad""'8rk om.,., 
Add"'''' OOMM!SSlffi.JER OF PATEN'l'S AN() TRADEMARRS 

Wa.Wn!I"= n_c_ =s1 
www.uor«>-t<>" 

ATIORNEY DOCKEf NO. CONFIRMATION NO. 

SIULP-037B Z382 

EXAMINER 

JEAN, FRANTZ B 

AATUNIT PAPER NUMBER 

21SS 

DATE MAILED: 03/l Jn003 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The patent term adjustment to date is 0 days, If the issue fee is paid on the date that is three months after the mailing 
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after 
the mailing date of this notice, the term adjustment will be 0 days. 

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that 
detetmines patent term adjustment is the filing date of the most recent CPA. 

_Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) system. (http://pair.uspto.gov) 

Any questions regarding the patent term extension or adjustment detennination should be directed to the Office of 
Patent Legal Administration at (703)305-1383. 
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“Me

a

UNITED STATES ParentT AND TRADEMARK OFFICE STATES DEPARTMENT OF COMMERCE
United States Patent and Tradamatk Office
Addrega: COMMISSIONER OF PATENTS ANT TRADEMARES

Washington, To. 20991
ILSOU

 
09/608,872 06/30/2009 Christine Halversen ‘ SRILPO37B R382

: 1580 canvas |

THOMASON, MOSER & PATTERSON, LLP JEAN, FRANTZ B
595 SHREWSBURY AVENUE
SUITE 100

SHREWSBURY,NJ 07702 ,
/ 2155

DATE MAILED: 03/11/2003

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustmentto date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system, (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office of
Patent Legal Administration at (703)305-1383.
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UNI'fED S'fAT§S PATENT AND 'TRADE:MARK 0FFJGE 

APPL/CA TI01>.' NO. FILlNGDATE 

09/608,872 06130/2000 

0;11112001 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 
UNITED STATES 

FIRST NAME:D INVENTOR 

Christine Halversen 

UNITED STATES Dif>AR™ENT OF COM)fll:RCE 
ltnii...l. StAtoo PAt~t An<I T~a<le-~k Om.,., 
,;.dd ... o: COMMIS~IONER OF PATENTS ANDTitADEMARKS 

w.,h;n...,.. D c 202s1 
www.O•Ol<>·!<>'I 

A fTORNEY DOCKET NO. CONFIRMATION NO. 

SRILF037B 2382 

EXAMINER 

JEAN, FRANTZ B 

Al\T VNIT PAPER. NUMBER 

2155 

DATE MAfLED; 0311112003 

Notice of Fee Increase on January 1, 2003 

If a reply to a ''Notice of Allowance and Fee(s) Due" is filed in the Office on or after January I, 2003, then the 
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase 
in fees effective on January I, 2003. ~ Revisjon .Qf .eatm!filld Trademark ~fm: ~YSlW: ll.l!!l: Final Rule, 67 fed. 
Reg. 70847, 70849 (November27, 2002). 

The current fee schedule is accessible from: htq,://www.uspto.iov/mainJbowtofees.htm. 

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount 
in view of the fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid 
processing delays associated with mailing of a ''Notice to Pay Balance of Issue Fee," if the response to the Notice of 
Allowance and Fee(s) due form is to be filed on or after January I, 2003 (or mailed with a certificate of mailing on or 
after January l, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was 
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a 
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the 
response is filed and the previously paid issue fee should be paid. ~ Manual of Patent Examining Procedure, Section 
1308.01 (Eighth Edition, August 2001). 

Questions relating to issue and publication fee payments sbould be directed to the Customer Se_ni-ice Center 
of the Office of Patent Publication at (703) 305-8283. 
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Unirep Stares PaTENT AND TRADEMARK OFFICE- UNITED STATES D. ARTHENT OF COMMERCE
United States Patent and Frademerk Oifice
Address: COMMISSIONER OF PATENTS AMD TRADEMAREHS

Washington, Dc. 20051 
ATTORNEY BOOKET NO.[“CONFNATIONN.

09/608,872 06/30/2000 Christine Halversen ‘ SRILPO37B 2382
EXAMINER

rss vtuams

THOMASON, MOSER & PATTERSON, LLP JEAN, FRANTZB
595 SHREWSBURY AVENUE
SUITE 100

SHREWSBURY,NI 07702 9155
§UNITED STATE DATE MAILED;03/11/2003

Notice of Fee Increase on January 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due"is filed in the Office on or after January 1, 2003, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due"since there will be an increase
in fees effective on January 1, 2003. See Revision of Patent and Trademark Fees for Fiscal Year 2003: Final Rule, 67 Fed.
Reg. 70847, 70849 (Novetnber 27, 2002).

The current fee schedule is accessible from: http:/Awww.uspto.gov/main/howtofeeshtm.

Tf the issue fee paid is the amount shown on the “Notice of Allowance and Fee(s) Due,” but not the correct amount’
in view of the fee increase, a "Notice to Pay Balance of Issue Fee“ will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after January 1, 2003 (or mailed with a certificate of mailing on or
after January 1, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questionsrelating to issue and publication fee payments should be directed to the Customer Service Center
of the Office ofPatent Publication at (703) 305-8283.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Serial No.: 

Halverson, et al. 

09/608,872 Art Unit: 2155 

Filing Date: 

For: 

June 30, 2000 Examiner: Jean, Frantz B 

MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC 
INFORMATION USING SPOKEN INPUT 

Docket No. SRI 4116-6 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
SIR: 

SUBMISSION OF FORMAL DRAWINGS 

The Applicants submit herewith Z sheets of formal drawings (FIGS. 1 through 6), 

properly labeled, in connection with the above-captioned application. The Examiner is 

requested to substitute these formal drawings for the informal drawings previously 

submitted. 

Dated: 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
Suite 100 
Shrewsbury, NJ 07702 

DateSignature 

Respectfully submitted, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
re application of: Halverson,et al.

Serial No.: 09/608,872 Art Unit: 2155

Filing Date: June 30, 2000 Examiner, Jean, Frantz B

For: MOBILE NAVIGATION OF NETWORK-BASED ELECTRONIC
INFORMATION USING SPOKEN INPUT

Docket No. SRi 4116-6 |

Assistant Commissionerfor Patents _
Washington, D.C. 20231
SIR:

SUBMISSION OF FORMAL DRAWINGS

The Applicants submit herewith 7 sheetsof formal drawings (FIGS. 1 through 6),
properly labeled, in connection with the above-captioned application. The Examineris

requested to substitute these formal drawings for the informal drawings previously

submitted.

Dated: 4h g3

Respectfully submitted,

  
KIN-WAH TONG

Reg. No. 39,400
(732) 530-9404

Moser, Patterson & Sheridan, LLP
595 Shrewsbury Avenue
Suite 100

Shrewsbury, NJ 07702

CERTIFICATE OF MAILING under 37 C.F.R. 1.8 a
| hereby certify that this correspondence is being depasited on 7%, with the United

States Postal Service asfirst class mail, with sufficient postage, in an envelope addressed to the
Commissioner forPatents, Box Issue Fee, Washington, D.C, 20231,

 

 
Dateqfsignature
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MOBILE NAVIGATION OF NETWORK
BASED ELECTRONIC INFORMATION 

USING SPOKEN INPUT 

This application is a continuation of an application 
entitled NAVIGATING NETWORK-BASED ELEC
TRONIC INFORMATION USING SPOKEN NATURAL 
LANGUAGE INPUT WITH MULTIMODAL ERROR 
FEEDBACK which was filed on Mar. 13, 2000 under Ser. 
No. 09/524,095 and which is a Continuation In Part of 
co-pending U.S. patent application Ser. No. 09/225,198, 
filed Jan. 5, 1999, Provisional U.S. patent application Ser. 
No. 60/124,718, filed Mar. 17, 1999, Provisional U.S. patent 
application Ser. No. 60/124,720, filed Mar. 17, 1999, and 
Provisional U.S. patent application Ser. No. 60/124,719, 
filed Mar. 17, 1999, from which applications priority is 
claimed and these application are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the navigation 
of electronic data by means of spoken natural language 
requests, and to feedback mechanisms and methods for 
resolving the errors and ambiguities that may be associated 
with such requests. 

2 
manner that is intuitive to users. For example, the front-end 
should not require learning a highly specialized command 
language or format. More fundamentally, the front-end must 
allow users to speak directly in terms of what the user 

5 ultimately wants -e.g., "I'd like to see a Western film 
directed by Clint Eastwood" -as opposed to speaking in 
terms of arbitrary navigation structures (e.g., hierarchical 
layers of menus, commands, etc.) that are essentially arti
facts reflecting constraints of the pre-existing text/click 

10 navigation system. At the same time, the front-end must 
recognize and accommodate the reality that a stream of 
naive spoken natural language input will, over time, typi
cally present a variety of errors and/or ambiguities: e.g., 
garbled/unrecognized words (did the user say "Eastwood" or 

15 "Easter"?) and under-constrained requests ("Show me the 
Clint Eastwood movie"). An approach is needed for han
dling and resolving such errors and ambiguities in a rapid, 
user-friendly, non-frustrating manner. 

What is needed is a methodology and apparatus for 
20 rapidly constructing a voice-driven front-end atop an 

existing, non-voice data navigation system, whereby users 
can interact by means of intuitive natural language input not 
strictly conforming to the step-by-step browsing architecture 
of the existing navigation system, and wherein any errors or 

25 ambiguities in user input are rapidly and conveniently 
resolved. The solution to this need should be compatible 
with the constraints of a multi-user, distributed environment 
such as the Internet/Web or a proprietary high-bandwidth 
content delivery network; a solution contemplating one-at-

As global electronic connectivity continues to grow, and 
the universe of electronic data potentially available to users 
continues to expand, there is a growing need for information 
navigation technology that allows relatively naive users to 
navigate and access desired data by means of natural lan
guage input. In many of the most important markets
including the home entertainment arena, as well as mobile 
computing-spoken natural language input is highly 
desirable, if not ideal. As just one example, the proliferation 35 
of high-bandwidth communications infrastructure for the 
home entertainment market (cable, satellite, broadband) 
enables delivery of movies-on-demand and other interactive 
multimedia content to the consumer's home television set. 
For users to take full advantage of this content stream 
ultimately requires interactive navigation of content data
bases in a manner that is too complex for user-friendly 
selection by means of a traditional remote-control clicker. 
Allowing spoken natural language requests as the input 
modality for rapidly searching and accessing desired content 

30 a-time user interactions at a single location is insufficient, for 
example. 

SUMMARY OF THE INVENTION 

The present invention addresses the above needs by 
providing a system, method, and article of manufacture for 
mobile navigation of network-based electronic data sources 
in response to spoken input requests. When a spoken input 
request is received from a user using a mobile information 
appliance that communicates with a network server via an at 

40 least partially wireless communications system, it is 
interpreted, such as by using a speech recognition engine to 
extract speech data from acoustic voice signals, and using a 
language parser to linguistically parse the speech data. The 
interpretation of the spoken request can be performed on a 

45 computing device locally with the user, such as the mobile 
information appliance, or remotely from the user. The result
ing interpretation of the request is thereupon used to auto
matically construct an operational navigation query to 

is an important objective for a successful consumer enter
tainment product in a context offering a dizzying range of 
database content choices. As further examples, this same 
need to drive navigation of (and transaction with) relatively 
complex data warehouses using spoken natural language 50 
requests applies equally to surfing the Internet/Web or other 
networks for general information, multimedia content, or 

retrieve the desired information from one or more electronic 
network data sources, which is then transmitted to a client 
device of the user. If the network data source is a database, 
the navigation query is constructed in the format of a 
database query language. e-commerce transactions. 

In general, the existing navigational systems for browsing 
electronic databases and data warehouses (search engines, 
menus, etc.), have been designed without navigation via 
spoken natural language as a specific goal. So today's world 
is full of existing electronic data navigation systems that do 
not assume browsing via natural spoken commands, but 
rather assume text and mouse-click inputs (or in the case of 
TV remote controls, even less). Simply recognizing voice 
commands within an extremely limited vocabulary and 
grammar-the spoken equivalent of button/click input (e.g., 
speaking "channel 5" selects TV channel 5)-is really not 
sufficient by itself to satisfy the objectives described above. 
In order to deliver a true "win" for users, the voice-driven 
front-end must accept spoken natural language input in a 

Typically, errors or ambiguities emerge in the interpreta-
55 tion of the spoken request, such that the system cannot 

instantiate a complete, valid navigational template. This is to 
be expected occasionally, and one preferred aspect of the 
invention is the ability to handle such errors and ambiguities 
in relatively graceful and user-friendly manner. Instead of 

60 simply rejecting such input and defaulting to traditional 
input modes or simply asking the user to try again, a 
preferred embodiment of the present invention seeks to 
converge rapidly toward instantiation of a valid navigational 
template by soliciting additional clarification from the user 

65 as necessary, either before or after a navigation of the data 
source, via multimodal input, i.e., by means of menu selec
tion or other input modalities including and in addition to 
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communications device that is capable of retransmitting the 
raw voice data and/or processing the voice data) local to the 
user's environment and coupled to communications network 
106. The voice data is then transmitted across network 106 
to a remote server or servers 108. The voice data may 
preferably be transmitted in compressed digitized form, or 
alternatively-particularly where bandwidth constraints are 
significant-in analog format (e.g., via frequency modulated 
transmission), in the latter case being digitized upon arrival 

spoken input. This clarifying, multi-modal dialogue takes 
advantage of whatever partial navigational information has 
been gleaned from the initial interpretation of the user's 
spoken request. This clarification process continues until the 
system converges toward an adequately instantiated navi- 5 

gational template, which is in turn used to navigate the 
network-based data and retrieve the user's desired informa
tion. The retrieved information is transmitted across the 
network and presented to the user on a suitable client display 
device. 10 at remote server 108. 

In a further aspect of the present invention, the construc
tion of the navigation query includes extracting an input 
template for an online scripted interface to the data source 
and using the input template to construct the navigation 
query. The extraction of the input template can include 15 

dynamically scraping the online scripted interface. 

At remote server 108, the voice data is processed by 
request processing logic 300 in order to understand the 
user's request and construct an appropriate query or request 
for navigation of remote data source 110, in accordance with 
the interpretation process exemplified in FIG. 4 and FIG. 5 
and discussed in greater detail below. For purposes of 
executing this process, request processing logic 300 com
prises functional modules including speech recognition 
engine 310, natural language (NL) parser 320, query con-

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, 
may best be understood by reference to the following 
description taken in conjunction with the accompanying 
drawings in which: 

FIG. la illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with server-side processing of requests; 

FIG. lb illustrates another system providing a spoken 
natural language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with client-side processing of requests; 

FIG. 2 illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention for a mobile computing scenario; 

FIG. 3 illustrates the functional logic components of a 
request processing module in accordance with an embodi
ment of the present invention; 

20 struction logic 330, and query refinement logic 340, as 
shown in FIG. 3. Data source 110 may comprise database(s), 
Internet/web site(s), or other electronic information 
repositories, and preferably resides on a central server or 
servers-which may or may not be the same as server 108, 

25 depending on the storage and bandwidth needs of the 
application and the resources available to the practitioner. 
Data source 110 may include multimedia content, such as 
movies or other digital video and audio content, other 
various forms of entertainment data, or other electronic 

30 information. The contents of data source 110 are 

35 

navigated-i.e., the contents are accessed and searched, for 
retrieval of the particular information desired by the user
using the processes of FIGS. 4 and 5 as described in greater 
detail below. 

FIG. 4 illustrates a process utilizing spoken natural lan- 40 
guage for navigating an electronic database in accordance 
with one embodiment of the present invention; 

Once the desired information has been retrieved from data 
source 110, it is electronically transmitted via network 106 
to the user for viewing on client display device 112. In a 
preferred embodiment well-suited for the home entertain
ment setting, display device 112 is a television monitor or 
similar audiovisual entertainment device, typically in sta
tionary position for comfortable viewing by users. In 
addition, in such preferred embodiment, display device 112 
is coupled to or integrated with a communications box 
(which is preferably the same as communications box 104, 

FIG. 5 illustrates a process for constructing a navigational 
query for accessing an online data source via an interactive, 
scripted (e.g., CGI) form; and 

FIG. 6 illustrates an embodiment of the present invention 
utilizing a community of distributed, collaborating elec
tronic agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. System Architecture 
a. Server-End Processing of Spoken Input 
FIG. la is an illustration of a data navigation system 

driven by spoken natural language input, in accordance with 
one embodiment of the present invention. As shown, a user's 
voice input data is captured by a voice input device 102, 
such as a microphone. Preferably voice input device 102 
includes a button or the like that can be pressed or held
down to activate a listening mode, so that the system need 
not continually pay attention to, or be confused by, irrelevant 
background noise. In one preferred embodiment well-suited 
for the home entertainment setting, voice input device 102 
is a portable remote control device with an integrated 
microphone, and the voice data is transmitted from device 
102 preferably via infrared (or other wireless) link to com
munications box 104 (e.g., a set-top box or a similar 

45 but may also be a separate unit) for receiving and decoding/ 
formatting the desired electronic information that is received 
across communications network 106. 

Network 106 is a two-way electronic communications 
network and may be embodied in electronic communication 

50 infrastructure including coaxial (cable television) lines, 
DSL, fiber-optic cable, traditional copper wire (twisted 
pair), or any other type of hardwired connection. Network 
106 may also include a wireless connection such as a 
satellite-based connection, cellular connection, or other type 

55 of wireless connection. Network 106 may be part of the 
Internet and may support TCP/IP communications, or may 
be embodied in a proprietary network, or in any other 
electronic communications network infrastructure, whether 
packet-switched or connection-oriented. A design consider-

60 ation is that network 106 preferably provide suitable band
width depending upon the nature of the content anticipated 
for the desired application. 

b. Client-End Processing of Spoken Input 
FIG. lb is an illustration of a data navigation system 

65 driven by spoken natural language input, in accordance with 
a second embodiment of the present invention. Again, a 
user's voice input data is captured by a voice input device 
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102, such as a microphone. In the embodiment shown in 
FIG. lb, the voice data is transmitted from device 202 to 
requests processing logic 300, hosted on a local speech 
processor, for processing and interpretation. In the preferred 
embodiment illustrated in FIG. lb, the local speech proces- 5 

sor is conveniently integrated as part of communications box 
104, although implementation in a physically separate (but 
communicatively coupled) unit is also possible as will be 
readily apparent to those of skill in the art. The voice data is 
processed by the components of request processing logic 10 

300 in order to understand the user's request and construct 

6 
server-side processing architecture illustrated in FIG. la 
may be implemented by replacing voice input device 102, 
communications box 104, and client display device 112, 
with an integrated, mobile, information appliance 202 such 
as a cellular telephone or wireless personal digital assistant 
(wireless PDA). Mobile information appliance 202 essen
tially performs the functions of the replaced components. 
Thus, mobile information appliance 202 receives spoken 
natural language input requests from the user in the form of 
voice data, and transmits that data (preferably via wireless 
data receiving station 204) across communications network 
206 for server-side interpretation of the request, in similar 
fashion as described above in connection with FIG. 1. 
Navigation of data source 210 and retrieval of desired 

an appropriate query or request for navigation of remote data 
source 110, in accordance with the interpretation process 
exemplified in FIGS. 4 and 5 as discussed in greater detail 
below. 15 information likewise proceeds in an analogous manner as 

described above. Display information transmitted electroni
cally back to the user across network 206 is displayed for the 
user on the display of information appliance 202, and audio 

The resulting navigational query is then transmitted elec
tronically across network 106 to data source 110, which 
preferably resides on a central server or servers 108. As in 
FIG. la, data source 110 may comprise database(s), Internet/ 
web site(s), or other electronic information repositories, and 20 

preferably may include multimedia content, such as movies 
or other digital video and audio content, other various forms 

information is output through the appliance's speakers. 
Practitioners will further appreciate, in light of the above 

teachings, that if mobile information appliance 202 is 
equipped with sufficient computational processing power, 
then a mobile variation of the client-side architecture exem
plified in FIG. 2 may similarly be implemented. In that case, 

of entertainment data, or other electronic information. The 
contents of data source 110 are then navigated-i.e., the 
contents are accessed and searched, for retrieval of the 
particular information desired by the user-preferably using 
the process of FIGS. 4 and 5 as described in greater detail 
below. Once the desired information has been retrieved from 
data source 110, it is electronically transmitted via network 
106 to the user for viewing on client display device 112. 

25 the modules corresponding to request processing logic 300 
would be embodied locally in the computational resources 
of mobile information appliance 202, and the logical flow of 
data would otherwise follow in a manner analogous to that 

30 

previously described in connection with FIG. lb. 
As illustrated in FIG. 2, multiple users, each having their 

own client input device, may issue requests, simultaneously 
or otherwise, for navigation of data source 210. This is 
equally true (though not explicitly drawn) for the embodi
ments depicted in FIGS. la and lb. Data source 210 (or 

In one embodiment in accordance with FIG. lb and 
well-suited for the home entertainment setting, voice input 
device 102 is a portable remote control device with an 
integrated microphone, and the voice data is transmitted 
from device 102 preferably via infrared (or other wireless) 
link to the local speech processor. The local speech proces
sor is coupled to communications network 106, and also 
preferably to client display device 112 (especially for pur
poses of query refinement transmissions, as discussed below 

35 100), being a network accessible information resource, has 
typically already been constructed to support access requests 
from simultaneous multiple network users, as known by 
practitioners of ordinary skill in the art. In the case of 
server-side speech processing, as exemplified in FIGS. la 

40 and 2, the interpretation logic and error correction logic 
modules are also preferably designed and implemented to 
support queuing and multi-tasking of requests from multiple 
simultaneous network users, as will be appreciated by those 
of skill in the art. 

in connection with FIG. 4, step 412), and preferably may be 
integrated within or coupled to communications box 104. In 
addition, especially for purposes of a home entertainment 
application, display device 112 is preferably a television 
monitor or similar audiovisual entertainment device, typi
cally in stationary position for comfortable viewing by 45 

users. In addition, in such preferred embodiment, display 
device 112 is coupled to a communications box (which is 
preferably the same as communications box 104, but may 
also be a physically separate unit) for receiving and 
decoding/formatting the desired electronic information that 50 

is received across communications network 106. 
Design considerations favoring server-side processing 

and interpretation of spoken input requests, as exemplified 
in FIG. la, include minimizing the need to distribute costly 
computational hardware and software to all client users in 55 

order to perform speech and language processing. Design 
considerations favoring client-side processing, as exempli
fied in FIG. lb, include minimizing the quantity of data sent 
upstream across the network from each client, as the speech 
recognition is performed before transmission across the 60 

network and only the query data and/or request needs to be 
sent, thus reducing the upstream bandwidth requirements. 

c. Mobile Client Embodiment 
A mobile computing embodiment of the present invention 

may be implemented by practitioners as a variation on the 65 
embodiments of either FIG. la or FIG. lb. For example, as 
depicted in FIG. 2, a mobile variation in accordance with the 

It will be apparent to those skilled in the art that additional 
implementations, permutations and combinations of the 
embodiments set forth in FIGS. la, lb, and 2 may be created 
without straying from the scope and spirit of the present 
invention. For example, practitioners will understand, in 
light of the above teachings and design considerations, that 
it is possible to divide and allocate the functional compo-
nents of request processing logic 300 between client and 
server. For example, speech recognition-in entirety, or 
perhaps just early stages such as feature extraction-might 
be performed locally on the client end, perhaps to reduce 
bandwidth requirements, while natural language parsing and 
other necessary processing might be performed upstream on 
the server end, so that more extensive computational power 
need not be distributed locally to each client. In that case, 
corresponding portions of request processing logic 300, such 
as speech recognition engine 310 or portions thereof, would 
reside locally at the client as in FIG. lb, while other 
component modules would be hosted at the server end as in 
FIGS. la and 2. 

Further, practitioners may choose to implement the each 
of the various embodiments described above on any number 
of different hardware and software computing platforms and 
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environments and various combinations thereof, including, 
8 

language interpreter attempts to determine both the meaning 
of spoken words (semantic processing) as well as the 
grammar of the statement (syntactic processing), such as the 
Gemini Natural Language Understanding System developed 

by way of just a few examples: a general-purpose hardware 
microprocessor such as the Intel Pentium series; operating 
system software such as Microsoft Windows/CE, Palm OS, 
or Apple Mac OS (particularly for client devices and client
side processing), or Unix, Linux, or Windows/NT (the latter 
three particularly for network data servers and server-side 
processing), and/or proprietary information access platforms 
such as Microsoft's WebTV or the Diva Systems video-on
demand system. 

5 by SRI International. The Gemini system is described in 
detail in publications entitled "Gemini: A Natural Language 
System for Spoken-Language Understanding" and "Inter
leaving Syntax and Semantics in an Efficient Bottom-Up 
Parser," both of which are currently available online at 

2. Processing Methodology 
10 http://www.ai.sri.com/natural-language/projects/arpa-sls/ 

nat-lang.html. (Copies of those publications are also 
included in an information disclosure statement submitted 
herewith, and are incorporated herein by this reference). 

The present invention provides a spoken natural language 
interface for interrogation of remote electronic databases 
and retrieval of desired information. A preferred embodi
ment of the present invention utilizes the basic methodology 15 

outlined in the flow diagram of FIG. 4 in order to provide 
this interface. This methodology will now be discussed. 

a. Interpreting Spoken Natural Language Requests 
At step 402, the user's spoken request for information is 

initially received in the form of raw (acoustic) voice data by 20 

a suitable input device, as previously discussed in connec
tion with FIGS. 1-2. At step 404 the voice data received 
from the user is interpreted in order to understand the user's 
request for information. Preferably this step includes per
forming speech recognition in order to extract words from 25 

the voice data, and further includes natural language parsing 
of those words in order to generate a structured linguistic 
representation of the user's request. 

Speech recognition in step 404 is performed using speech 
recognition engine 310. A variety of commercial quality, 30 

speech recognition engines are readily available on the 
market, as practitioners will know. For example, Nuance 
Communications offers a suite of speech recognition 
engines, including Nuance 6, its current flagship product, 
and Nuance Express, a lower cost package for entry-level 35 

applications. As one other example, IBM offers the Via Voice 
speech recognition engine, including a low-cost shrink
wrapped version available through popular consumer distri
bution channels. Basically, a speech recognition engine 
processes acoustic voice data and attempts to generate a text 40 

stream of recognized words. 
Typically, the speech recognition engine is provided with 

a vocabulary lexicon of likely words or phrases that the 
recognition engine can match against its analysis of acous
tical signals, for purposes of a given application. Preferably, 45 

the lexicon is dynamically adjusted to reflect the current user 
context, as established by the preceding user inputs. For 
example, if a user is engaged in a dialogue with the system 
about movie selection, the recognition engine's vocabulary 
may preferably be adjusted to favor relevant words and 50 

phrases, such as a stored list of proper names for popular 
movie actors and directors, etc. Whereas if the current 
dialogue involves selection and viewing of a sports event, 
the engine's vocabulary might preferably be adjusted to 
favor a stored list of proper names for professional sports 55 

teams, etc. In addition, a speech recognition engine is 
provided with language models that help the engine predict 
the most likely interpretation of a given segment of acous
tical voice data, in the current context of phonemes or words 
in which the segment appears. In addition, speech recogni- 60 

tion engines often echo to the user, in more or less real-time, 
a transcription of the engine's best guess at what the user has 
said, giving the user an opportunity to confirm or reject. 

In a further aspect of step 404, natural language inter
preter (or parser) 320 linguistically parses and interprets the 65 
textual output of the speech recognition engine. In a pre
ferred embodiment of the present invention, the natural-

Briefly, Gemini applies a set of syntactic and semantic 
grammar rules to a word string using a bottom-up parser to 
generate a logical form, which is a structured representation 
of the context-independent meaning of the string. Gemini 
can be used with a variety of grammars, including general 
English grammar as well as application-specific grammars. 
The Gemini parser is based on "unification grammar," 
meaning that grammatical categories incorporate features 
that can be assigned values; so that when grammatical 
category expressions are matched in the course of parsing or 
semantic interpretation, the information contained in the 
features is combined, and if the feature values are incom
patible the match fails. 

It is possible for some applications to achieve a significant 
reduction in speech recognition error by using the natural
language processing system to re-score recognition hypoth
eses. For example, the grammars defined for a language 
parser like Gemini may be compiled into context-free gram-
mar that, in turn, can be used directly as language models for 
speech recognition engines like the Nuance recognizer. 
Further details on this methodology are provided in the 
publication "Combining Linguistic and Statistical Knowl
edge Sources in Natural-Language Processing for ATIS" 
which is currently available online through http:// 
www.ai.sri.com/natural-language/projects/arpa-sls/spnl
int.html. A copy of this publication is included in an infor
mation disclosure submitted herewith, and is incorporated 
herein by this reference. 

In an embodiment of the present invention that may be 
preferable for some applications, the natural language inter
preter "learns" from the past usage patterns of a particular 
user or of groups of users. In such an embodiment, the 
successfully interpreted requests of users are stored, and can 
then be used to enhance accuracy by comparing a current 
request to the stored requests, thereby allowing selection of 
a most probable result. 

b. Constructing Navigation Queries 
In step 405 request processing logic 300 identifies and 

selects an appropriate online data source where the desired 
information (in this case, current weather reports for a given 
city) can be found. Such selection may involve look-up in a 
locally stored table, or possibly dynamic searching through 
an online search engine, or other online search techniques. 
For some applications, an embodiment of the present inven
tion may be implemented in which only access to a particu
lar data source (such as a particular vendor's proprietary 
content database) is supported; in that case, step 405 may be 
trivial or may be eliminated entirely. 

Step 406 attempts to construct a navigation query, reflect
ing the interpretation of step 404. This operation is prefer
ably performed by query construction logic 330. 

A "navigation query" means an electronic query, form, 
series of menu selections, or the like; being structured 
appropriately so as to navigate a particular data source of 
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interest in search of desired information. In other words, a 
navigation query is constructed such that it includes what
ever content and structure is required in order to access 
desired information electronically from a particular database 
or data source of interest. 

10 
structed by scraping is used to navigate the online data 
source in step 408, the query effectively initiates the same 
scripted response as if a human user had visited the online 
site and had typed appropriate entries into the input fields of 

5 the online form. 
In the embodiment just described, scraping step 520 is 

preferably carried out with the assistance of an online 
extraction utility such as WebL. WebL is a scripting lan
guage for automating tasks on the World Wide Web. It is an 

10 imperative, interpreted language that has built-in support for 
common web protocols like HTTP and FTP, and popular 
data types like HTML and XML. WebL's implementation 
language is Java, and the complete source code is available 
from Compaq. In addition, step 520 is preferably performed 

For example, for many existing electronic databases, a 
navigation query can be embodied using a formal database 
query language such as Standard Query Language (SQL). 
For many databases, a navigation query can be constructed 
through a more user-friendly interactive front-end, such as a 
series of menus and/or interactive forms to be selected or 
filled in. SQL is a standard interactive and programming 
language for getting information from and updating a data
base. SQL is both an ANSI and an ISO standard. As is well 
known to practitioners, a Relational Database Management 
System (RDBMS), such as Microsoft's Access, Oracle's 
Oracle7, and Computer Associates' CA-Openingres, allow 
programmers to create, update, and administer a relational 
database. Practitioners of ordinary skill in the art will be 
thoroughly familiar with the notion of database navigation 20 

through structured query, and will be readily able to appre
ciate and utilize the existing data structures and navigational 
mechanisms for a given database, or to create such structures 
and mechanisms where desired. 

15 dynamically when necessary-in other words, on-the-fly in 
response to a particular user query-but in some applica
tions it may be possible to scrape relatively stable 
(unchanging) web sites of likely interest in advance and to 
cache the resulting template information. 

It will be apparent, in light of the above teachings, that 
preferred embodiments of the present invention can provide 
a spoken natural language interface atop an existing, non
voice data navigation system, whereby users can interact by 
means of intuitive natural language input not strictly con-

In accordance with the present invention, the query con
structed in step 406 must reflect the user's request as 
interpreted by the speech recognition engine and the NL 
parser in step 404. In embodiments of the present invention 
wherein data source 110 (or 210 in the corresponding 
embodiment of FIG. 2) is a structured relational database or 
the like, step 406 of the present invention may entail 
constructing an appropriate Structured Query Language 
(SQL) query or the like, or automatically filling out a 
front-end query form, series of menus or the like, as 
described above. 

In many existing Internet (and Intranet) applications, an 
online electronic data source is accessible to users only 
through the medium of interaction with a so-called Common 
Gateway Interface (CGI) script. Typically the user who 
visits a web site of this nature must fill in the fields of an 
online interactive form. The online form is in turn linked to 
a CGI script, which transparently handles actual navigation 
of the associated data source and produces output for 
viewing by the user's web browser. In other words, direct 
user access to the data source is not supported, only medi
ated access through the form and CGI script is offered. 

25 forming to the linear browsing architecture or other artifacts 
of an existing menu/text/click navigation system. For 
example, users of an appropriate embodiment of the present 
invention for a video-on-demand application can directly 
speak the natural request: "Show me the movie 

30 'Unforgiven"'-instead of walking step-by-step through a 
typically linear sequence of genre/title/actor/director menus, 
scrolling and selecting from potentially long lists on each 
menu, or instead of being forced to use an alphanumeric 
keyboard that cannot be as comfortable to hold or use as a 

35 lightweight remote control. Similarly, users of an appropri
ate embodiment of the present invention for a web-surfing 
application in accordance with the process shown in FIG. 5 
can directly speak the natural request: "Show me a one
month price chart for Microsoft stock" -instead of poten-

40 tially having to navigate to an appropriate web site, search 
for the right ticker symbol, enter/select the symbol, and 
specify display of the desired one-month price chart, each of 
those steps potentially involving manual navigation and data 
entry to one or more different interaction screens. (Note that 

45 these examples are offered to illustrate some of the potential 
benefits offered by appropriate embodiments of the present 
invention, and not to limit the scope of the invention in any 
respect.) 

For applications of this nature, an advantageous embodi
ment of the present invention "scrapes" the scripted online 
site where information desired by a user may be found in 
order to facilitate construction of an effective navigation 50 

query. For example, suppose that a user's spoken natural 
language request is: "What's the weather in Miami?" After 
this request is received at step 402 and interpreted at step 
404, assume that step 405 determines that the desired 
weather information is available online through the medium 

c. Error Correction 
Several problems can arise when attempting to perform 

searches based on spoken natural language input. As indi
cated at decision step 407 in the process of FIG. 4, certain 
deficiencies may be identified during the process of query 
construction, before search of the data source is even 

55 attempted. For example, the user's request may fail to 
specify enough information in order to construct a naviga
tion query that is specific enough to obtain a satisfactory 
search result. For example, a user might orally request 
"what's the weather?" whereas the national online data 

of a CGI-scripted interactive form. Step 406 is then prefer
ably carried out using the expanded process diagrammed in 
FIG. 5. In particular, at sub-step 520, query construction 
logic 330 electronically "scrapes" the online interactive 
form, meaning that query construction logic 330 automati
cally extracts the format and structure of input fields 
accepted by the online form. At sub-step 522, a navigation 
query is then constructed by instantiating (filling in) the 
extracted input format---essentially an electronic template
in a manner reflecting the user's request for information as 
interpreted in step 404. The flow of control then returns to 
step 407 of FIG. 4. Ultimately, when the query thus con-

60 source identified in step 405 and scraped in step 520 might 
require specifying a particular city. 

Additionally, certain deficiencies and problems may arise 
following the navigational search of the data source at step 
408, as indicated at decision step 409 in FIG. 4. For 

65 example, with reference to a video-on-demand application, 
a user may wish to see the movie "Unforgiven", but perhaps 
the user can't recall name of the film, but knows it was 
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directed by and starred actor Clint Eastwood. A typical 
video-on-demand database might indeed be expected to 
allow queries specifying the name of a leading actor and/or 
director, but in the case of this query-as in many cases
that will not be enough to narrow the search to a single film, 5 

and additional user input in some form is required. 

satisfy the user's stated constraints. The user can then 
preferably use a relatively convenient input modality, such 
as buttons on the remote control, to select the desired title 
from the menu. In a further preferred embodiment, the first 
title on the list is highlighted by default, so that the user can 
simply press an "OK" button to choose that selection. In a 

In the event that one or more deficiencies in the user's 
spoken request, as processed, result in the problems 
described, either at step 407 or 409, some form of error 
handling is in order. A straightforward, crude technique 
might be for the system to respond simply "input not 
understood/insufficient, please try again." However, that 
approach will likely result in frustrated users, and is not 
optimal or even acceptable for most applications. Instead, a 
preferred technique in accordance with the present invention 
handles such errors and deficiencies in user input at step 412, 
whether detected at step 407 or step 409, by soliciting 
additional input from the user in a manner taking advantage 

further preferred feature, the user can mix input modalities 
by speaking a response like "I want number one on the list." 
Alternatively, the user can preferably say, "Let's see 

10 Unforgiven," having now been reminded of the title by the 
menu display. 

Utilizing the user's supplemental input, request process
ing logic 300 iterates again through steps 404 and 406, this 
time constructing a fully-specified query that specifically 

15 requests the Eastwood film "Unforgiven." Step 408 navi
gates the data source using that query and retrieves the 
desired film, which is then electronically transmitted in step 
410 from network server 108 to client display device 112 via 
communications network 106. of the partial construction already performed and via user 

interface modalities in addition to spoken natural language 20 

("multi-modality"). This supplemental interaction is prefer
ably conducted through client display device 112 (202, in the 
embodiment of FIG. 2), and may include textual, graphical, 
audio and/or video media. Further details and examples are 
provided below. Query refinement logic 340 preferably 
carries out step 412. The additional input received from the 
user is fed into and augments interpreting step 404, and 
query construction step 406 is likewise repeated with the 
benefit of the augmented interpretation. These operations, 
and subsequent navigation step 408, are preferably repeated 
until no remaining problems or deficiencies are identified at 
decision points 407 or 409. Further details and examples for 
this query refinement process are provided immediately 
below. 

Now consider again the example in which the user of a 
web surfing application wants to know his or her local 
weather, and simply asks, "what's the weather?" At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an online web site providing current 

25 weather information for major cities around the world is 
selected. At step 406 and sub-step 520, the online site is 
scraped using a WebL-style tool to extract an input template 
for interacting with the site. At sub-step 522, query con
struction logic 330 attempts to construct a navigation query 

30 by instantiating the input template, but determines (quite 
rightly) that a required field-name of city-cannot be 
determined from the user's spoken request as interpreted in 
step 404. Step 407 detects this deficiency, and in step 412 
query refinement logic 340 preferably generates output for 

Consider again the example in which the user of a 
video-on-demand application wishes to see "Unforgiven" 
but can only recall that it was directed by and starred Clint 
Eastwood. First, it bears noting that using a prior art navi
gational interface, such as a conventional menu interface, 
will likely be relatively tedious in this case. The user can 
proceed through a sequence of menus, such as Genre (select 
"western"), Title (skip), Actor ("Clint Eastwood"), and 
Director ("Clint Eastwood"). In each case---especially for 
the last two items-the user would typically scroll and select 
from fairly long lists in order to enter his or her desired 
name, or perhaps use a relatively couch-unfriendly keypad 
to manually type the actor's name twice. 

Using a preferred embodiment of the present invention, 
the user instead speaks aloud, holding remote control micro
phone 102, "I want to see that movie starring and directed 
by Clint Eastwood. Can't remember the title." At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an appropriate online data source is 
selected (or perhaps the system is directly connected to a 
proprietary video-on-demand provider). At step 406 a query 

35 client display device 112 soliciting the necessary supple
mental input. In a preferred embodiment, the output might 
display the name of the city where the user is located 
highlighted by default. The user can then simply press an 
"OK" button---or perhaps mix modalities by saying "yes, 

40 exactly" -to choose that selection. A preferred embodiment 
would further display an alphabetical scrollable menu listing 
other major cities, and/or invite the user to speak or select 
the name of the desired city. 

Here again, utilizing the user's supplemental input, 
45 request processing logic 300 iterates through steps 404 and 

406. This time, in performing sub-step 520, a cached version 
of the input template already scraped in the previous itera
tion might preferably be retrieved. In sub-step 522, query 
construction logic 330 succeeds this time in instantiating the 

50 input template and constructing an effective query, since the 
desired city has now been clarified. Step 408 navigates the 
data source using that query and retrieves the desired 
weather information, which is then electronically transmit
ted in step 410 from network server 108 to client display 

55 device 112 via communications network 106. 
is automatically constructed by the query construction logic 
330 specifying "Clint Eastwood" in both the actor and 
director fields. Step 407 detects no obvious problems, and so 
the query is electronically submitted and the data source is 
navigated at step 408, yielding a list of several records 60 

satisfying the query (e.g., "Unforgiven", "True Crime", 
"Absolute Power", etc.). Step 409 detects that additional 
user input is needed to further refine the query in order to 
select a particular film for viewing. 

It is worth noting that in some instances, there may be 
details that are not explicitly provided by the user, but that 
query construction logic 330 or query refinement logic 340 
may preferably deduce on their own through reasonable 
assumptions, rather than requiring the use to provide explicit 
clarification. For example, in the example previously 
described regarding a request for a weather report, in some 
applications it might be preferable for the system to simply 
assume that the user means a weather report for his or her 
home area and to retrieve that information, if the cost of 
doing so is not significantly greater than the cost of asking 
the user to clarify the query. Making such an assumption 

At that point, in step 412 query refinement logic 340 65 
might preferably generate a display for client display device 
112 showing the (relatively short) list of film titles that 
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might be even more strongly justified in a preferred 
embodiment, as described earlier, where user histories are 
tracked, and where such history indicates that a particular 
user or group of users typically expect local information 
when asking for a weather forecast. At any rate, in the event 5 

such an assumption is made, if the user actually intended to 
request the weather for a different city, the user would then 
need to ask his or her question again. It will be apparent to 
practitioners, in light of the above teachings, that the choice 
of whether to program query construction logic 330 and 10 

query refinement logic 340 to make make particular assump
tions will typically involve trade-offs involving user con
veience that can be assessed in the context of specific 
applications. 
3. Open Agent Architecture (OAA®) 

Open Agent Architecture™ (OAA®) is a software 
platform, developed by the assignee of the present invention, 
that enables effective, dynamic collaboration among com
munities of distributed electronic agents. OAA is described 

15 

in greater detail in co-pending U.S. patent application Ser. 20 

No. 09/225,198, which has been incorporated herein by 
reference. Very briefly, the functionality of each client agent 
is made available to the agent community through registra
tion of the client agent's capabilities with a facilitator. A 
software "wrapper" essentially surrounds the underlying 25 

application program performing the services offered by each 
client. The common infrastructure for constructing agents is 
preferably supplied by an agent library. The agent library is 
preferably accessible in the runtime environment of several 
different programming languages. The agent library prefer- 30 

ably minimizes the effort required to construct a new system 
and maximizes the ease with which legacy systems can be 
"wrapped" and made compatible with the agent-based archi
tecture of the present invention. When invoked, a client 
agent makes a connection to a facilitator, which is known as 35 

its parent facilitator. Upon connection, an agent registers 
with its parent facilitator a specification of the capabilities 
and services it can provide, using a high-level, declarative 
Interagent Communication Language ("ICL") to express 
those capabilities. Tasks are presented to the facilitator in the 40 

form of ICL goal expressions. When a facilitator determines 
that the registered capabilities of one of its client agents will 
help satisfy a current goal or sub-goal thereof, the facilitator 
delegates that sub-goal to the client agent in the form of an 
ICL request. The client agent processes the request and 45 

returns answers or information to the facilitator. In process
ing a request, the client agent can use ICL to request services 

14 
www.ai.sri.com/-lesaf/commandtalk.html and in the follow
ing publications, copies of which are provided in an Infor
mation Disclosure Statement submitted herewith and 
incorporated herein by this reference: 

"CommandTalk: A Spoken-Language Interface for Battle
field Simulations", 1997, by Robert Moore, John 
Dowding, Harry Bratt, J. Mark Gawron, Yonael Gorfu 
and Adam Cheyer, in "Proceedings of the Fifth Con-
ference on Applied Natural Language Processing", 
Washington, D.C., pp. 1-7, Association for Computa
tional Linguistics 

"The CommandTalk Spoken Dialogue System", 1999, by 
Amanda Stent, John Dowding, Jean Mark Gawron, 
Elizabeth Owen Bratt and Robert Moore, in "Proceed
ings of the Thirty-Seventh Annual Meeting of the 
ACL", pp. 183-190, University of Maryland, College 
Park, Md., Association for Computational Linguistics 

"Interpreting Language in Context in Command Talk", 
1999, by John Dowding and Elizabeth Owen Bratt and 
Sharon Goldwater, in "Communicative Agents: The 
Use of Natural Language in Embodied Systems", pp. 
63-67, Association for Computing Machinery (ACM) 
Special Interest Group on Artificial Intelligence 
(SIGART), Seattle, Wash. 

For some applications and systems, OAA can provide an 
advantageous platform for constructing embodiments of the 
present invention. For example, a representative application 
is now briefly presented, with reference to FIG. 6. If the 
statement "show me movies starring John Wayne" is spoken 
into the voice input device, the voice data for this request 
will be sent by UI agent 650 to facilitator 600, which in turn 
will ask natural language (NL) agent 620 and speech rec
ognition agent 610 to interpret the query and return the 
interpretation in ICL format. The resulting ICL goal expres-
sion is then routed by the facilitator to appropriate agents
in this case, video-on-demand database agent 640-to 
execute the request. Video database agent 640 preferably 
includes or is coupled to an appropriate embodiment of 
query construction logic 330 and query refinement logic 
340, and may also issue ICL requests to facilitator 600 for 
additional assistance--e.g., display of menus and capture of 
additional user input in the event that query refinement is 
needed-and facilitator 600 will delegate such requests to 
appropriate client agents in the community. When the 
desired video content is ultimately retrieved by video data
base agent 640, UI agent 650 is invoked by facilitator 600 

of other agents, or utilize other infrastructure services for 
collaborative work. The facilitator coordinates and inte
grates the results received from different client agents on 
various sub-goals, in order to satisfy the overall goal. 

50 to display the movie. 

OAA provides a useful software platform for building 
systems that integrate spoken natural language as well as 
other user input modalities. For example, see the above
referenced co-pending patent application, especially FIG. 13 
and the corresponding discussion of a "multi-modal maps" 
application, and FIG. 12 and the corresponding discussion of 
a "unified messaging" application. Another example is the 
InfoWiz interactive information kiosk developed by the 
assignee and described in the document entitled "Info Wiz: 
An Animated Voice Interactive Information System" avail
able online at http://www.ai.sri.com/-oaa/applications.html. 
A copy of the Info Whiz document is provided in an Infor
mation Disclosure Statement submitted herewith and incor
porated herein by this reference. A further example is the 
"CommandTalk" application developed by the assignee for 
the U.S. military, as described online at http:// 

Other spoken user requests, such as a request for the 
current weather in New York City or for a stock quote, 
would eventually lead facilitator to invoke web database 
agent 630 to access the desired information from an appro-

55 priate Internet site. Here again, web database agent 630 
preferably includes or is coupled to an appropriate embodi
ment of query construction logic 330 and query refinement 
logic 340, including a scraping utility such as WebL. Other 
spoken requests, such as a request to view recent emails or 

60 access voice mail, would lead the facilitator to invoke the 
appropriate email agent 660 and/or telephone agent 680. A 
request to record a televised program of interest might lead 
facilitator 600 to invoke web database agent 630 to return 
televised program schedule information, and then invoke 

65 VCR controller agent 680 to program the associated VCR 
unit to record the desired television program at the sched
uled time. 
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Control and connectivity embracing additional electronic 
home appliances (e.g., microwave oven, home surveillance 
system, etc.) can be integrated in comparable fashion. 
Indeed, an advantage of OAA-based embodiments of the 
present invention, that will be apparent to practitioners in 5 

light of the above teachings and in light of the teachings 
disclosed in the cited co-pending patent applications, is the 
relative ease and flexibility with which additional service 
agents can be plugged into the existing platform, immedi
ately enabling the facilitator to respond dynamically to 10 

spoken natural language requests for the corresponding 
services. 
4. Further Embodiments and Equivalents 

While the present invention has been described in terms 

16 
remotely from a user, wherein a data link is established 
between a mobile information appliance of the user and the 
one or more network servers, comprising: 

(a) a code segment that receives a spoken request for 
desired information from the user utilizing the mobile 
information appliance of the user, wherein said mobile 
information appliance comprises a portable remote 
control device or a set-top box for a television; 

(b) a code segment that renders an interpretation of the 
spoken request; 

(c) a code segment that constructs a navigation query 
based upon the interpretation; 

( d) a code segment that utilizes the navigation query to 
select a portion of the electronic data source; and 

( e) a code segment that transmits the selected portion of 
the electronic data source from the network server to 
the mobile information appliance of the user. 

of several preferred embodiments, there are many 15 

alterations, permutations, and equivalents that may fall 
within the scope of this invention. It should also be noted 
that there are many alternative ways of implementing the 
methods and apparatuses of the present invention. It is 
therefore intended that the following appended claims be 
interpreted as including all such alterations, permutations, 
and equivalents as fall within the true spirit and scope of the 
present invention. 

11. The computer program of claim 10, wherein the 
rendering of the interpretation of the spoken request is 

20 performed at the one or more network servers. 

What is claimed is: 

12. The computer program of claim 10, wherein the 
rendering of the interpretation of the spoken request is 
performed by the mobile information appliance. 

13. The computer program of claim 10, further compris-
1. A method for speech-based navigation of an electronic 

data source located at one or more network servers located 
remotely from a user, wherein a data link is established 
between a mobile information appliance of the user and the 
one or more network servers, comprising the steps of: 

25 ing a code segment that solicits additional input from the 
user, including user interaction in a modality different than 
the original request; a code segment that refines the navi
gation query, based upon the additional input; and a code 
segment that uses the refined navigation query to select a 

(a) receiving a spoken request for desired information 
from the user utilizing the mobile information appli
ance of the user, wherein said mobile information 
appliance comprises a portable remote control device 

30 portion of the electronic data source. 

or a set-top box for a television; 
(b) rendering an interpretation of the spoken request; 
(c) constructing a navigation query based upon the inter

pretation; 
( d) utilizing the navigation query to select a portion of the 

electronic data source; and 

35 

( e) transmitting the selected portion of the electronic data 40 

source from the network server to the mobile informa
tion appliance of the user. 

2. The method of claim 1, wherein the step of rendering 
the interpretation of the spoken request is performed by the 
mobile information appliance. 

3. The method of claim 1, wherein the step of rendering 
the interpretation of the spoken request is performed by the 
mobile information appliance. 

45 

4. The method of claim 1, further comprising the steps of 
soliciting additional input from the user, including user 50 

interaction in a modality different than the original request; 
refining the navigation query, based upon the additional 
input; and using the refined navigation query to select a 
portion of the electronic data source. 

5. The method of claim 1, wherein the data link includes 55 

a cellular telephone system. 
6. The method of claim 1, wherein steps (a)--(d) are 

performed with respect to multiple users. 
7. The method of claim 1, wherein the mobile information 

appliance is a wireless telephone. 
8. The method of claim 1, wherein the mobile information 

appliance is a portable computing device. 
9. The method of claim 8, wherein the portable computing 

device is a personal digital assistant. 

60 

10. A computer program embodied on a computer read- 65 
able medium for speech-based navigation of an electronic 
data source located at one or more network servers located 

14. The computer program of claim 10, wherein the data 
link includes a wireless telephone system. 

15. The computer program of claim 10, wherein code 
segments (a)-( d) are executed with respect to multiple users. 

16. The computer program of claim 10, wherein the 
mobile information appliance is a wireless telephone. 

17. The computer program of claim 10, wherein the 
mobile information appliance is a portable computing 
device. 

18. The computer program of claim 17, wherein the 
portable computing device is a personal digital assistant. 

19. A system for speech-based navigation of an electronic 
data source located at one or more network servers located 
remotely from a user, comprising: 

(a) a mobile information appliance operable to receive a 
spoken request for desired information from the user, 
wherein said mobile information appliance comprises a 
portable remote control device or a set-top box for a 
television; 

(b) spoken language processing logic, operable to render 
an interpretation of the spoken request; 

( c) query construction logic, operable to construct a 
navigation query based upon the interpretation; 

( d) navigation logic, operable to select a portion of the 
electronic data source using the navigation query, and 

( e) electronic communications infrastructure for transmit
ting the selected portion of the electronic data source 
from the network server to the mobile information 
appliance of the user. 

20. The system of claim 19, wherein the spoken language 
processing logic renders the interpretation of the spoken 
request at the one or more network servers. 

21. The system of claim 19, wherein the spoken language 
processing logic renders the interpretation of the spoken 
request at the mobile information appliance. 

22. The system of claim 19, further comprising user 
interaction logic operable to solicit additional input from the 
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user, including user interaction in a modality different than 
the original request; and query refining logic operable to 
refine the navigation query based upon the additional input; 
wherein the navigation logic users the refined navigation 
query to select a portion of the electronic data source. 

23. The system of claim 19, wherein the data link includes 
a cellular telephone system. 

24. The system of claim 19, wherein the system operates 
with respect to multiple users. 

5 

18 
25. The system of claim 19, wherein the mobile informa

tion appliance is a wireless telephone. 

26. The system of claim 19, wherein the mobile informa
tion appliance is a portable computing device. 

27. The system of claim 26, wherein the portable com-
puting device is a personal digital assistant. 

* * * * * 
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(57) ABSTRACT 

A system, method, and article of manufacture are provided 
for navigating an electronic data source by means of spoken 
language where a portion of the data link between a mobile 
information appliance of the user and the data source utilizes 
wireless communication. When a spoken input request is 
received from a user, it is interpreted. The resulting inter
pretation of the request is thereupon used to automatically 
construct an operational navigation query. The navigation 
query is routed to one or more agents, which use the 
navigation query to retrieve the desired information from 
one or more electronic network data sources. 
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SYSTEM, METHOD, AND ARTICLE OF 
MANUFACTURE FOR AGENT-BASED 

NAVIGATION IN A SPEECH-BASED DATA 
NAVIGATION SYSTEM 

This application is a continuation of an application 
entitled NAVIGATING NETWORK-BASED ELEC
TRONIC INFORMATION USING SPOKEN NATURAL 
LANGUAGE INPUT WITH MULTIMODAL ERROR 
FEEDBACK which was filed on Mar. 13, 2000 under Ser. 
No. 09/524,095 and which is a Continuation In Part of 
co-pending U.S. patent application Ser. No. 09/225,198, 
filed Jan. 5, 1999, Provisional U.S. patent application Ser. 
No. 60/124,718, filed Mar. 17, 1999, Provisional U.S. patent 
application Ser. No. 60/124,720, filed Mar. 17, 1999, and 
Provisional U.S. patent application Ser. No. 60/124,719, 
filed Mar. 17, 1999, from which applications priority is 
claimed and these application are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the navigation 
of electronic data by means of spoken natural language 
requests, and to feedback mechanisms and methods for 
resolving the errors and ambiguities that may be associated 
with such requests. 

2 
front-end must accept spoken natural language input in a 
manner that is intuitive to users. For example, the front-end 
should not require learning a highly specialized command 
language or format. More fundamentally, the front-end must 

5 allow users to speak directly in terms of what the user 
ultimately wants--e.g., "I'd like to see a Western film 
directed by Clint Eastwood" -as opposed to speaking in 
terms of arbitrary navigation structures (e.g., hierarchical 
layers of menus, commands, etc.) that are essentially arti-

10 facts reflecting constraints of the pre-existing text/click 
navigation system. At the same time, the front-end must 
recognize and accommodate the reality that a stream of 
naive spoken natural language input will, over time, typi
cally present a variety of errors and/or ambiguities: e.g., 

15 garbled/unrecognized words (did the user say "Eastwood" or 
"Easter"?) and under-constrained requests ("Show me the 
Clint Eastwood movie"). An approach is needed for han
dling and resolving such errors and ambiguities in a rapid, 

20 

user-friendly, non-frustrating manner. 
What is needed is a methodology and apparatus for 

rapidly constructing a voice-driven front-end atop an 
existing, non-voice data navigation system, whereby users 
can interact by means of intuitive natural language input not 
strictly conforming to the step-by-step browsing architecture 

25 of the existing navigation system, and wherein any errors or 
ambiguities in user input are rapidly and conveniently 
resolved. The solution to this need should be compatible 
with the constraints of a multi-user, distributed environment 
such as the Internet/Web or a proprietary high-bandwidth 

As global electronic connectivity continues to grow, and 
the universe of electronic data potentially available to users 
continues to expand, there is a growing need for information 
navigation technology that allows relatively naive users to 
navigate and access desired data by means of natural lan
guage input. In many of the most important markets
including the home entertainment arena, as well as mobile 
computing-spoken natural language input is highly 35 
desirable, if not ideal. As just one example, the proliferation 

30 content delivery network; a solution contemplating one-at
a-time user interactions at a single location is insufficient, for 
example. 

SUMMARY OF THE INVENTION 

The present invention addresses the above needs by 
providing a system, method, and article of manufacture for 
using agents for navigation of network-based electronic data 
sources in response to spoken input requests. When a spoken 
input request is received from a user, it is interpreted, such 
as by using a speech recognition agent to extract speech data 
from acoustic voice signals, and using a language parsing 

of high-bandwidth communications infrastructure for the 
home entertainment market (cable, satellite, broadband) 
enables delivery of movies-on-demand and other interactive 
multimedia content to the consumer's home television set. 40 
For users to take full advantage of this content stream 
ultimately requires interactive navigation of content data
bases in a manner that is too complex for user-friendly 
selection by means of a traditional remote-control clicker. 
Allowing spoken natural language requests as the input 45 
modality for rapidly searching and accessing desired content 
is an important objective for a successful consumer enter
tainment product in a context offering a dizzying range of 
database content choices. As further examples, this same 
need to drive navigation of (and transaction with) relatively 50 
complex data warehouses using spoken natural language 
requests applies equally to surfing the Internet/Web or other 
networks for general information, multimedia content, or 
e-commerce transactions. 

agent to linguistically parse the speech data. The interpre
tation of the spoken request can be performed on a com
puting device locally with the user, such as the mobile 
information appliance, or remotely from the user. The result
ing interpretation of the request is thereupon used to auto-
matically construct an operational navigation query. The 
navigation query is routed to one or more agents that use the 
navigation query to retrieve the desired information from 
one or more electronic network data sources, which is then 
transmitted to a client device of the user. If the network data 
source is a database, the navigation query is constructed in 
the format of a database query language. 

Typically, errors or ambiguities emerge in the interpreta-
In general, the existing navigational systems for browsing 

electronic databases and data warehouses (search engines, 
menus, etc.), have been designed without navigation via 
spoken natural language as a specific goal. So today's world 
is full of existing electronic data navigation systems that do 
not assume browsing via natural spoken commands, but 
rather assume text and mouse-click inputs (or in the case of 
TV remote controls, even less). Simply recognizing voice 
commands within an extremely limited vocabulary and 
grammar-the spoken equivalent of button/click input (e.g., 
speaking "channel 5" selects TV channel 5)-is really not 
sufficient by itself to satisfy the objectives described above. 
In order to deliver a true "win" for users, the voice-driven 

55 tion of the spoken NL request, such that the system cannot 
instantiate a complete, valid navigational template. This is to 
be expected occasionally, and one preferred aspect of the 
invention is the ability to handle such errors and ambiguities 
in relatively graceful and user-friendly manner. Instead of 

60 simply rejecting such input and defaulting to traditional 
input modes or simply asking the user to try again, a 
preferred embodiment of the present invention seeks to 
converge rapidly toward instantiation of a valid navigational 
template by soliciting additional clarification from the user 

65 as necessary, either before or after a navigation of the data 
source, via multimodal input, i.e., by means of menu selec
tion or other input modalities including and in addition to 
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communications device that is capable of retransmitting the 
raw voice data and/or processing the voice data) local to the 
user's environment and coupled to communications network 
106. The voice data is then transmitted across network 106 
to a remote server or servers 108. The voice data may 
preferably be transmitted in compressed digitized form, or 
alternatively-particularly where bandwidth constraints are 
significant-in analog format (e.g., via frequency modulated 
transmission), in the latter case being digitized upon arrival 

spoken natural language. This clarifying, multi-modal dia
logue takes advantage of whatever partial navigational infor
mation has been gleaned from the initial interpretation of the 
user's spoken NL request. This clarification process contin
ues until the system converges toward an adequately instan- 5 

tiated navigational template, which is in turn used to navi
gate the network-based data and retrieve the user's desired 
information. The retrieved information is transmitted across 
the network and presented to the user on a suitable client 
display device. 10 at remote server 108. 

In a further aspect of the present invention, the construc
tion of the navigation query includes extracting an input 
template for an online scripted interface to the data source 
and using the input template to construct the navigation 
query. The extraction of the input template can include 
dynamically scraping the online scripted interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, 
may best be understood by reference to the following 
description taken in conjunction with the accompanying 
drawings in which: 

FIG. la illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with server-side processing of requests; 

FIG. lb illustrates another system providing a spoken 
natural language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with client-side processing of requests; 

FIG. 2 illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention for a mobile computing scenario; 

FIG. 3 illustrates the functional logic components of a 
request processing module in accordance with an embodi
ment of the present invention; 

At remote server 108, the voice data is processed by 
request processing logic 300 in order to understand the 
user's request and construct an appropriate query or request 
for navigation of remote data source 110, in accordance with 

15 the interpretation process exemplified in FIG. 4 and FIG. 5 
and discussed in greater detail below. For purposes of 
executing this process, request processing logic 300 com
prises functional modules including speech recognition 
engine 310, natural language (NL) parser 320, query con-

20 struction logic 330, and query refinement logic 340, as 
shown in FIG. 3. Data source 110 may comprise database(s), 
Internet/web site(s), or other electronic information 
repositories, and preferably resides on a central server or 
servers-which may or may not be the same as server 108, 

25 depending on the storage and bandwidth needs of the 
application and the resources available to the practitioner. 
Data source 110 may include multimedia content, such as 
movies or other digital video and audio content, other 
various forms of entertainment data, or other electronic 

30 information. The contents of data source 110 are 

35 

navigated-i.e., the contents are accessed and searched, for 
retrieval of the particular information desired by the user
using the processes of FIGS. 4 and 5 as described in greater 
detail below. 

FIG. 4 illustrates a process utilizing spoken natural lan- 40 
guage for navigating an electronic database in accordance 
with one embodiment of the present invention; 

Once the desired information has been retrieved from data 
source 110, it is electronically transmitted via network 106 
to the user for viewing on client display device 112. In a 
preferred embodiment well-suited for the home entertain
ment setting, display device 112 is a television monitor or 
similar audiovisual entertainment device, typically in sta
tionary position for comfortable viewing by users. In 
addition, in such preferred embodiment, display device 112 
is coupled to or integrated with a communications box 
(which is preferably the same as communications box 104, 

FIG. 5 illustrates a process for constructing a navigational 
query for accessing an online data source via an interactive, 
scripted (e.g., CGI) form; and 

FIG. 6 illustrates an embodiment of the present invention 
utilizing a community of distributed, collaborating elec
tronic agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. System Architecture 
a. Server-End Processing of Spoken Input 
FIG. la is an illustration of a data navigation system 

driven by spoken natural language input, in accordance with 
one embodiment of the present invention. As shown, a user's 
voice input data is captured by a voice input device 102, 
such as a microphone. Preferably voice input device 102 
includes a button or the like that can be pressed or held
down to activate a listening mode, so that the system need 
not continually pay attention to, or be confused by, irrelevant 
background noise. In one preferred embodiment well-suited 
for the home entertainment setting, voice input device 102 
is a portable remote control device with an integrated 
microphone, and the voice data is transmitted from device 
102 preferably via infrared (or other wireless) link to com
munications box 104 (e.g., a set-top box or a similar 

45 but may also be a separate unit) for receiving and decoding/ 
formatting the desired electronic information that is received 
across communications network 106. 

Network 106 is a two-way electronic communications 
network and may be embodied in electronic communication 

50 infrastructure including coaxial (cable television) lines, 
DSL, fiber-optic cable, traditional copper wire (twisted 
pair), or any other type of hardwired connection. Network 
106 may also include a wireless connection such as a 
satellite-based connection, cellular connection, or other type 

55 of wireless connection. Network 106 may be part of the 
Internet and may support TCP/IP communications, or may 
be embodied in a proprietary network, or in any other 
electronic communications network infrastructure, whether 
packet-switched or connection-oriented. A design consider-

60 ation is that network 106 preferably provide suitable band
width depending upon the nature of the content anticipated 
for the desired application. 

b. Client-End Processing of Spoken Input 
FIG. lb is an illustration of a data navigation system 

65 driven by spoken natural language input, in accordance with 
a second embodiment of the present invention. Again, a 
user's voice input data is captured by a voice input device 
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102, such as a microphone. In the embodiment shown in 
FIG. lb, the voice data is transmitted from device 202 to 
requests processing logic 300, hosted on a local speech 
processor, for processing and interpretation. In the preferred 
embodiment illustrated in FIG. lb, the local speech proces- 5 

sor is conveniently integrated as part of communications box 
104, although implementation in a physically separate (but 
communicatively coupled) unit is also possible as will be 
readily apparent to those of skill in the art. The voice data is 
processed by the components of request processing logic 10 

300 in order to understand the user's request and construct 

6 
server-side processing architecture illustrated in FIG. la 
may be implemented by replacing voice input device 102, 
communications box 104, and client display device 112, 
with an integrated, mobile, information appliance 202 such 
as a cellular telephone or wireless personal digital assistant 
(wireless PDA). Mobile information appliance 202 essen
tially performs the functions of the replaced components. 
Thus, mobile information appliance 202 receives spoken 
natural language input requests from the user in the form of 
voice data, and transmits that data (preferably via wireless 
data receiving station 204) across communications network 
206 for server-side interpretation of the request, in similar 
fashion as described above in connection with FIG. 1. 
Navigation of data source 210 and retrieval of desired 

an appropriate query or request for navigation of remote data 
source 110, in accordance with the interpretation process 
exemplified in FIGS. 4 and 5 as discussed in greater detail 
below. 15 information likewise proceeds in an analogous manner as 

described above. Display information transmitted electroni
cally back to the user across network 206 is displayed for the 
user on the display of information appliance 202, and audio 

The resulting navigational query is then transmitted elec
tronically across network 106 to data source 110, which 
preferably resides on a central server or servers 108. As in 
FIG. la, data source 110 may comprise database(s), Internet/ 
web site(s), or other electronic information repositories, and 20 

preferably may include multimedia content, such as movies 
or other digital video and audio content, other various forms 
of entertainment data, or other electronic information. The 
contents of data source 110 are then navigated-i.e., the 
contents are accessed and searched, for retrieval of the 
particular information desired by the user-preferably using 
the process of FIGS. 4 and 5 as described in greater detail 
below. Once the desired information has been retrieved from 
data source 110, it is electronically transmitted via network 
106 to the user for viewing on client display device 112. 

In one embodiment in accordance with FIG. lb and 
well-suited for the home entertainment setting, voice input 
device 102 is a portable remote control device with an 
integrated microphone, and the voice data is transmitted 
from device 102 preferably via infrared (or other wireless) 
link to the local speech processor. The local speech proces
sor is coupled to communications network 106, and also 
preferably to client display device 112 (especially for pur
poses of query refinement transmissions, as discussed below 

information is output through the appliance's speakers. 
Practitioners will further appreciate, in light of the above 

teachings, that if mobile information appliance 202 is 
equipped with sufficient computational processing power, 
then a mobile variation of the client-side architecture exem
plified in FIG. 2 may similarly be implemented. In that case, 

25 the modules corresponding to request processing logic 300 
would be embodied locally in the computational resources 
of mobile information appliance 202, and the logical flow of 
data would otherwise follow in a manner analogous to that 

30 

previously described in connection with FIG. lb. 
As illustrated in FIG. 2, multiple users, each having their 

own client input device, may issue requests, simultaneously 
or otherwise, for navigation of data source 210. This is 
equally true (though not explicitly drawn) for the embodi
ments depicted in FIGS. la and lb. Data source 210 (or 

35 100), being a network accessible information resource, has 
typically already been constructed to support access requests 
from simultaneous multiple network users, as known by 
practitioners of ordinary skill in the art. In the case of 
server-side speech processing, as exemplified in FIGS. la 

40 and 2, the interpretation logic and error correction logic 
modules are also preferably designed and implemented to 
support queuing and multi-tasking of requests from multiple 
simultaneous network users, as will be appreciated by those 
of skill in the art. 

in connection with FIG. 4, step 412), and preferably may be 
integrated within or coupled to communications box 104. In 
addition, especially for purposes of a home entertainment 
application, display device 112 is preferably a television 
monitor or similar audiovisual entertainment device, typi
cally in stationary position for comfortable viewing by 45 

users. In addition, in such preferred embodiment, display 
device 112 is coupled to a communications box (which is 
preferably the same as communications box 104, but may 
also be a physically separate unit) for receiving and 
decoding/formatting the desired electronic information that 50 

is received across communications network 106. 

It will be apparent to those skilled in the art that additional 
implementations, permutations and combinations of the 
embodiments set forth in FIGS. la, lb, and 2 may be created 
without straying from the scope and spirit of the present 
invention. For example, practitioners will understand, in 
light of the above teachings and design considerations, that 
it is possible to divide and allocate the functional compo-

Design considerations favoring server-side processing 
and interpretation of spoken input requests, as exemplified 
in FIG. la, include minimizing the need to distribute costly 
computational hardware and software to all client users in 
order to perform speech and language processing. Design 
considerations favoring client-side processing, as exempli
fied in FIG. lb, include minimizing the quantity of data sent 
upstream across the network from each client, as the speech 
recognition is performed before transmission across the 
network and only the query data and/or request needs to be 
sent, thus reducing the upstream bandwidth requirements. 

c. Mobile Client Embodiment 

nents of request processing logic 300 between client and 
server. For example, speech recognition-in entirety, or 
perhaps just early stages such as feature extraction-might 

55 be performed locally on the client end, perhaps to reduce 
bandwidth requirements, while natural language parsing and 
other necessary processing might be performed upstream on 
the server end, so that more extensive computational power 
need not be distributed locally to each client. In that case, 

60 corresponding portions of request processing logic 300, such 
as speech recognition engine 310 or portions thereof, would 
reside locally at the client as in FIG. lb, while other 
component modules would be hosted at the server end as in 
FIGS. la and 2. A mobile computing embodiment of the present invention 

may be implemented by practitioners as a variation on the 65 

embodiments of either FIG. la or FIG. lb. For example, as 
depicted in FIG. 2, a mobile variation in accordance with the 

Further, practitioners may choose to implement the each 
of the various embodiments described above on any number 
of different hardware and software computing platforms and 
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environments and various combinations thereof, including, 
8 

language interpreter attempts to determine both the meaning 
of spoken words (semantic processing) as well as the 
grammar of the statement (syntactic processing), such as the 
Gemini Natural Language Understanding System developed 

by way of just a few examples: a general-purpose hardware 
microprocessor such as the Intel Pentium series; operating 
system software such as Microsoft Windows/CE, Palm OS, 
or Apple Mac OS (particularly for client devices and client
side processing), or Unix, Linux, or Windows/NT (the latter 
three particularly for network data servers and server-side 
processing), and/or proprietary information access platforms 
such as Microsoft's WebTV or the Diva Systems video-on
demand system. 

5 by SRI International. The Gemini system is described in 
detail in publications entitled "Gemini: AN atural Language 
System for Spoken-Language Understanding" and "Inter
leaving Syntax and Semantics in an Efficient Bottom-Up 
Parser," both of which are currently available online at 

2. Processing Methodology 
10 http://www.ai.sri.com/natural-language/projects/arpa-sls/ 

nat-lang.html. (Copies of those publications are also 
included in an information disclosure statement submitted 
herewith, and are incorporated herein by this reference). 

The present invention provides a spoken natural language 
interface for interrogation of remote electronic databases 
and retrieval of desired information. A preferred embodi
ment of the present invention utilizes the basic methodology 15 

outlined in the flow diagram of FIG. 4 in order to provide 
this interface. This methodology will now be discussed. 

a. Interpreting Spoken Natural Language Requests 
At step 402, the user's spoken request for information is 

initially received in the form of raw (acoustic) voice data by 20 

a suitable input device, as previously discussed in connec
tion with FIGS. 1-2. At step 404 the voice data received 
from the user is interpreted in order to understand the user's 
request for information. Preferably this step includes per
forming speech recognition in order to extract words from 25 

the voice data, and further includes natural language parsing 
of those words in order to generate a structured linguistic 
representation of the user's request. 

Speech recognition in step 404 is performed using speech 
recognition engine 310. A variety of commercial quality, 30 

speech recognition engines are readily available on the 
market, as practitioners will know. For example, Nuance 
Communications offers a suite of speech recognition 
engines, including Nuance 6, its current flagship product, 
and Nuance Express, a lower cost package for entry-level 35 

applications. As one other example, IBM offers the Via Voice 
speech recognition engine, including a low-cost shrink
wrapped version available through popular consumer distri
bution channels. Basically, a speech recognition engine 
processes acoustic voice data and attempts to generate a text 40 

stream of recognized words. 
Typically, the speech recognition engine is provided with 

a vocabulary lexicon of likely words or phrases that the 
recognition engine can match against its analysis of acous
tical signals, for purposes of a given application. Preferably, 45 

the lexicon is dynamically adjusted to reflect the current user 
context, as established by the preceding user inputs. For 
example, if a user is engaged in a dialogue with the system 
about movie selection, the recognition engine's vocabulary 
may preferably be adjusted to favor relevant words and 50 

phrases, such as a stored list of proper names for popular 
movie actors and directors, etc. Whereas if the current 
dialogue involves selection and viewing of a sports event, 
the engine's vocabulary might preferably be adjusted to 
favor a stored list of proper names for professional sports 55 

teams, etc. In addition, a speech recognition engine is 
provided with language models that help the engine predict 
the most likely interpretation of a given segment of acous
tical voice data, in the current context of phonemes or words 
in which the segment appears. In addition, speech recogni- 60 

tion engines often echo to the user, in more or less real-time, 
a transcription of the engine's best guess at what the user has 
said, giving the user an opportunity to confirm or reject. 

In a further aspect of step 404, natural language inter
preter (or parser) 320 linguistically parses and interprets the 65 

textual output of the speech recognition engine. In a pre
ferred embodiment of the present invention, the natural-

Briefly, Gemini applies a set of syntactic and semantic 
grammar rules to a word string using a bottom-up parser to 
generate a logical form, which is a structured representation 
of the context-independent meaning of the string. Gemini 
can be used with a variety of grammars, including general 
English grammar as well as application-specific grammars. 
The Gemini parser is based on "unification grammar," 
meaning that grammatical categories incorporate features 
that can be assigned values; so that when grammatical 
category expressions are matched in the course of parsing or 
semantic interpretation, the information contained in the 
features is combined, and if the feature values are incom
patible the match fails. 

It is possible for some applications to achieve a significant 
reduction in speech recognition error by using the natural
language processing system to re-score recognition hypoth
eses. For example, the grammars defined for a language 
parser like Gemini may be compiled into context-free gram-
mar that, in turn, can be used directly as language models for 
speech recognition engines like the Nuance recognizer. 
Further details on this methodology are provided in the 
publication "Combining Linguistic and Statistical Knowl
edge Sources in Natural-Language Processing for ATIS" 
which is currently available online through http:// 
www.ai.sri.com/natural-language/projects/arpa-sls/spnl
int.html. A copy of this publication is included in an infor
mation disclosure submitted herewith, and is incorporated 
herein by this reference. 

In an embodiment of the present invention that may be 
preferable for some applications, the natural language inter
preter "learns" from the past usage patterns of a particular 
user or of groups of users. In such an embodiment, the 
successfully interpreted requests of users are stored, and can 
then be used to enhance accuracy by comparing a current 
request to the stored requests, thereby allowing selection of 
a most probable result. 

b. Constructing Navigation Queries 
In step 405 request processing logic 300 identifies and 

selects an appropriate online data source where the desired 
information (in this case, current weather reports for a given 
city) can be found. Such selection may involve look-up in a 
locally stored table, or possibly dynamic searching through 
an online search engine, or other online search techniques. 
For some applications, an embodiment of the present inven
tion may be implemented in which only access to a particu
lar data source (such as a particular vendor's proprietary 
content database) is supported; in that case, step 405 may be 
trivial or may be eliminated entirely. 

Step 406 attempts to construct a navigation query, reflect
ing the interpretation of step 404. This operation is prefer
ably performed by query construction logic 330. 

A "navigation query" means an electronic query, form, 
series of menu selections, or the like; being structured 
appropriately so as to navigate a particular data source of 
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interest in search of desired information. In other words, a 
navigation query is constructed such that it includes what
ever content and structure is required in order to access 
desired information electronically from a particular database 
or data source of interest. 

10 
structed by scraping is used to navigate the online data 
source in step 408, the query effectively initiates the same 
scripted response as if a human user had visited the online 
site and had typed appropriate entries into the input fields of 

5 the online form. 
In the embodiment just described, scraping step 520 is 

preferably carried out with the assistance of an online 
extraction utility such as WebL. WebL is a scripting lan
guage for automating tasks on the World Wide Web. It is an 

10 imperative, interpreted language that has built-in support for 
common web protocols like HTTP and FTP, and popular 
data types like HTML and XML. WebL's implementation 
language is Java, and the complete source code is available 
from Compaq. In addition, step 520 is preferably performed 

For example, for many existing electronic databases, a 
navigation query can be embodied using a formal database 
query language such as Standard Query Language (SQL). 
For many databases, a navigation query can be constructed 
through a more user-friendly interactive front-end, such as a 
series of menus and/or interactive forms to be selected or 
filled in. SQL is a standard interactive and programming 
language for getting information from and updating a data
base. SQL is both an ANSI and an ISO standard. As is well 
known to practitioners, a Relational Database Management 
System (RDBMS), such as Microsoft's Access, Oracle's 
Oracle7, and Computer Associates' CA-Openingres, allow 
programmers to create, update, and administer a relational 
database. Practitioners of ordinary skill in the art will be 
thoroughly familiar with the notion of database navigation 20 

through structured query, and will be readily able to appre
ciate and utilize the existing data structures and navigational 
mechanisms for a given database, or to create such structures 
and mechanisms where desired. 

15 dynamically when necessary-in other words, on-the-fly in 
response to a particular user query-but in some applica
tions it may be possible to scrape relatively stable 
(unchanging) web sites of likely interest in advance and to 
cache the resulting template information. 

It will be apparent, in light of the above teachings, that 
preferred embodiments of the present invention can provide 
a spoken natural language interface atop an existing, non
voice data navigation system, whereby users can interact by 
means of intuitive natural language input not strictly con-

In accordance with the present invention, the query con
structed in step 406 must reflect the user's request as 
interpreted by the speech recognition engine and the NL 
parser in step 404. In embodiments of the present invention 
wherein data source 110 (or 210 in the corresponding 
embodiment of FIG. 2) is a structured relational database or 
the like, step 406 of the present invention may entail 
constructing an appropriate Structured Query Language 
(SQL) query or the like, or automatically filling out a 
front-end query form, series of menus or the like, as 
described above. 

In many existing Internet (and Intranet) applications, an 
online electronic data source is accessible to users only 
through the medium of interaction with a so-called Common 
Gateway Interface (CGI) script. Typically the user who 
visits a web site of this nature must fill in the fields of an 
online interactive form. The online form is in turn linked to 
a CGI script, which transparently handles actual navigation 
of the associated data source and produces output for 
viewing by the user's web browser. In other words, direct 
user access to the data source is not supported, only medi
ated access through the form and CGI script is offered. 

25 forming to the linear browsing architecture or other artifacts 
of an existing menu/text/click navigation system. For 
example, users of an appropriate embodiment of the present 
invention for a video-on-demand application can directly 
speak the natural request: "Show me the movie 

30 'Unforgiven"'-instead of walking step-by-step through a 
typically linear sequence of genre/title/actor/director menus, 
scrolling and selecting from potentially long lists on each 
menu, or instead of being forced to use an alphanumeric 
keyboard that cannot be as comfortable to hold or use as a 

35 lightweight remote control. Similarly, users of an appropri
ate embodiment of the present invention for a web-surfing 
application in accordance with the process shown in FIG. 5 
can directly speak the natural request: "Show me a one
month price chart for Microsoft stock"-instead of poten-

40 tially having to navigate to an appropriate web site, search 
for the right ticker symbol, enter/select the symbol, and 
specify display of the desired one-month price chart, each of 
those steps potentially involving manual navigation and data 
entry to one or more different interaction screens. (Note that 

45 these examples are offered to illustrate some of the potential 
benefits offered by appropriate embodiments of the present 
invention, and not to limit the scope of the invention in any 
respect.) 

For applications of this nature, an advantageous embodi
ment of the present invention "scrapes" the scripted online 
site where information desired by a user may be found in 
order to facilitate construction of an effective navigation 50 

query. For example, suppose that a user's spoken natural 
language request is: "What's the weather in Miami?" After 
this request is received at step 402 and interpreted at step 
404, assume that step 405 determines that the desired 
weather information is available online through the medium 

c. Error Correction 
Several problems can arise when attempting to perform 

searches based on spoken natural language input. As indi
cated at decision step 407 in the process of FIG. 4, certain 
deficiencies may be identified during the process of query 
construction, before search of the data source is even 

55 attempted. For example, the user's request may fail to 
specify enough information in order to construct a naviga
tion query that is specific enough to obtain a satisfactory 
search result. For example, a user might orally request 
"what's the weather? " whereas the national online data 

of a CGI-scripted interactive form. Step 406 is then prefer
ably carried out using the expanded process diagrammed in 
FIG. 5. In particular, at sub-step 520, query construction 
logic 330 electronically "scrapes" the online interactive 
form, meaning that query construction logic 330 automati
cally extracts the format and structure of input fields 
accepted by the online form. At sub-step 522, a navigation 
query is then constructed by instantiating (filling in) the 
extracted input format---essentially an electronic template
in a manner reflecting the user's request for information as 
interpreted in step 404. The flow of control then returns to 
step 407 of FIG. 4. Ultimately, when the query thus con-

60 source identified in step 405 and scraped in step 520 might 
require specifying a particular city. 

Additionally, certain deficiencies and problems may arise 
following the navigational search of the data source at step 
408, as indicated at decision step 409 in FIG. 4. For 

65 example, with reference to a video-on-demand application, 
a user may wish to see the movie "Unforgiven",but perhaps 
the user can't recall name of the film, but knows it was 
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directed by and starred actor Clint Eastwood. A typical 
video-on-demand database might indeed be expected to 
allow queries specifying the name of a leading actor and/or 
director, but in the case of this query-as in many cases
that will not be enough to narrow the search to a single film, 5 

and additional user input in some form is required. 

satisfy the user's stated constraints. The user can then 
preferably use a relatively convenient input modality, such 
as buttons on the remote control, to select the desired title 
from the menu. In a further preferred embodiment, the first 
title on the list is highlighted by default, so that the user can 
simply press an "OK" button to choose that selection. In a 

In the event that one or more deficiencies in the user's 
spoken request, as processed, result in the problems 
described, either at step 407 or 409, some form of error 
handling is in order. A straightforward, crude technique 
might be for the system to respond simply "input not 
understood/insufficient, please try again." However, that 
approach will likely result in frustrated users, and is not 
optimal or even acceptable for most applications. Instead, a 
preferred technique in accordance with the present invention 
handles such errors and deficiencies in user input at step 412, 
whether detected at step 407 or step 409, by soliciting 
additional input from the user in a manner taking advantage 

further preferred feature, the user can mix input modalities 
by speaking a response like "I want number one on the list." 
Alternatively, the user can preferably say, "Let's see 

10 Unforgiven," having now been reminded of the title by the 
menu display. 

Utilizing the user's supplemental input, request process
ing logic 300 iterates again through steps 404 and 406, this 
time constructing a fully-specified query that specifically 

15 requests the Eastwood film "Unforgiven." Step 408 navi
gates the data source using that query and retrieves the 
desired film, which is then electronically transmitted in step 
410 from network server 108 to client display device 112 via 
communications network 106. of the partial construction already performed and via user 

interface modalities in addition to spoken natural language 20 

("multi-modality"). This supplemental interaction is prefer
ably conducted through client display device 112 (202, in the 
embodiment of FIG. 2), and may include textual, graphical, 
audio and/or video media. Further details and examples are 
provided below. Query refinement logic 340 preferably 
carries out step 412. The additional input received from the 
user is fed into and augments interpreting step 404, and 
query construction step 406 is likewise repeated with the 
benefit of the augmented interpretation. These operations, 
and subsequent navigation step 408, are preferably repeated 
until no remaining problems or deficiencies are identified at 
decision points 407 or 409. Further details and examples for 
this query refinement process are provided immediately 
below. 

Now consider again the example in which the user of a 
web surfing application wants to know his or her local 
weather, and simply asks, "what's the weather?" At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an online web site providing current 

25 weather information for major cities around the world is 
selected. At step 406 and sub-step 520, the online site is 
scraped using a WebL-style tool to extract an input template 
for interacting with the site. At sub-step 522, query con
struction logic 330 attempts to construct a navigation query 

30 by instantiating the input template, but determines (quite 
rightly) that a required field-name of city-cannot be 
determined from the user's spoken request as interpreted in 
step 404. Step 407 detects this deficiency, and in step 412 
query refinement logic 340 preferably generates output for 

Consider again the example in which the user of a 
video-on-demand application wishes to see "Unforgiven" 
but can only recall that it was directed by and starred Clint 
Eastwood. First, it bears noting that using a prior art navi
gational interface, such as a conventional menu interface, 
will likely be relatively tedious in this case. The user can 
proceed through a sequence of menus, such as Genre (select 
"western"), Title (skip), Actor ("Clint Eastwood"), and 
Director ("Clint Eastwood"). In each case---especially for 
the last two items-the user would typically scroll and select 
from fairly long lists in order to enter his or her desired 
name, or perhaps use a relatively couch-unfriendly keypad 
to manually type the actor's name twice. 

Using a preferred embodiment of the present invention, 
the user instead speaks aloud, holding remote control micro
phone 102, "I want to see that movie starring and directed 
by Clint Eastwood. Can't remember the title." At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an appropriate online data source is 
selected (or perhaps the system is directly connected to a 
proprietary video-on-demand provider). At step 406 a query 

35 client display device 112 soliciting the necessary supple
mental input. In a preferred embodiment, the output might 
display the name of the city where the user is located 
highlighted by default. The user can then simply press an 
"OK" button---{)r perhaps mix modalities by saying "yes, 

40 exactly" -to choose that selection. A preferred embodiment 
would further display an alphabetical scrollable menu listing 
other major cities, and/or invite the user to speak or select 
the name of the desired city. 

Here again, utilizing the user's supplemental input, 
45 request processing logic 300 iterates through steps 404 and 

406. This time, in performing sub-step 520, a cached version 
of the input template already scraped in the previous itera
tion might preferably be retrieved. In sub-step 522, query 
construction logic 330 succeeds this time in instantiating the 

50 input template and constructing an effective query, since the 
desired city has now been clarified. Step 408 navigates the 
data source using that query and retrieves the desired 
weather information, which is then electronically transmit
ted in step 410 from network server 108 to client display 

55 device 112 via communications network 106. 
is automatically constructed by the query construction logic 
330 specifying "Clint Eastwood" in both the actor and 
director fields. Step 407 detects no obvious problems, and so 
the query is electronically submitted and the data source is 
navigated at step 408, yielding a list of several records 60 

satisfying the query (e.g., "Unforgiven","True Crime", 
"Absolute Power",etc.). Step 409 detects that additional user 
input is needed to further refine the query in order to select 

It is worth noting that in some instances, there may be 
details that are not explicitly provided by the user, but that 
query construction logic 330 or query refinement logic 340 
may preferably deduce on their own through reasonable 
assumptions, rather than requiring the use to provide explicit 
clarification. For example, in the example previously 
described regarding a request for a weather report, in some 
applications it might be preferable for the system to simply 
assume that the user means a weather report for his or her 
home area and to retrieve that information, if the cost of 
doing so is not significantly greater than the cost of asking 
the user to clarify the query. Making such an assumption 

a particular film for viewing. 
At that point, in step 412 query refinement logic 340 65 

might preferably generate a display for client display device 
112 showing the (relatively short) list of film titles that 
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might be even more strongly justified in a preferred 
embodiment, as described earlier, where user histories are 
tracked, and where such history indicates that a particular 
user or group of users typically expect local information 
when asking for a weather forecast. At any rate, in the event 5 

such an assumption is made, if the user actually intended to 
request the weather for a different city, the user would then 
need to ask his or her question again. It will be apparent to 
practitioners, in light of the above teachings, that the choice 
of whether to program query construction logic 330 and 10 

query refinement logic 340 to make make particular assump
tions will typically involve trade-offs involving user con
veience that can be assessed in the context of specific 
applications. 
3. Open Agent Architecture™ (OAA®) 

Open Agent Architecture™(OAA®) is a software 
platform, developed by the assignee of the present invention, 
that enables effective, dynamic collaboration among com
munities of distributed electronic agents. OAA is described 

15 

in greater detail in co-pending U.S. patent application Ser. 20 

No. 09/225,198, which has been incorporated herein by 
reference. Very briefly, the functionality of each client agent 

14 
www.ai.sri.com/-lesaf/commandtalk.html and in the follow
ing publications, copies of which are provided in an Infor
mation Disclosure Statement submitted herewith and 
incorporated herein by this reference: 

"CommandTalk: A Spoken-Language Interface for Battle
field Simulations", 1997, by Robert Moore, John 
Dowding, Harry Bratt, J. Mark Gawron, Yonael Gorfu 
and Adam Cheyer, in "Proceedings of the Fifth Con
ference on Applied Natural Language Processing", 
Washington, D.C., pp. 1-7, Association for Computa
tional Linguistics 

"The CommandTalk Spoken Dialogue System", 1999, by 
Amanda Stent, John Dowding, Jean Mark Gawron, 
Elizabeth Owen Bratt and Robert Moore, in "Proceed
ings of the Thirty-Seventh Annual Meeting of the 
ACL", pp. 183-190, University of Maryland, College 
Park, Md., Association for Computational Linguistics 

"Interpreting Language in Context in Command Talk", 
1999, by John Dowding and Elizabeth Owen Bratt and 
Sharon Goldwater, in "Communicative Agents: The 
Use of Natural Language in Embodied Systems", pp. 
63-67, Association for Computing Machinery (ACM) 
Special Interest Group on Artificial Intelligence 
(SIGART), Seattle, Wash. 

For some applications and systems, OAA can provide an 
advantageous platform for constructing embodiments of the 
present invention. For example, a representative application 
is now briefly presented, with reference to FIG. 6. If the 
statement "show me movies starring John Wayne" is spoken 

is made available to the agent community through registra
tion of the client agent's capabilities with a facilitator. A 
software "wrapper" essentially surrounds the underlying 25 

application program performing the services offered by each 
client. The common infrastructure for constructing agents is 
preferably supplied by an agent library. The agent library is 
preferably accessible in the runtime environment of several 
different programming languages. The agent library prefer
ably minimizes the effort required to construct a new system 
and maximizes the ease with which legacy systems can be 
"wrapped" and made compatible with the agent-based archi
tecture of the present invention. When invoked, a client 
agent makes a connection to a facilitator, which is known as 

30 into the voice input device, the voice data for this request 
will be sent by UI agent 650 to facilitator 600, which in turn 
will ask natural language (NL) agent 620 and speech rec
ognition agent 610 to interpret the query and return the 
interpretation in ICL format. The resulting ICL goal expres-

its parent facilitator. Upon connection, an agent registers 
with its parent facilitator a specification of the capabilities 
and services it can provide, using a highlevel, declarative 
Interagent Communication Language ("ICL") to express 
those capabilities. Tasks are presented to the facilitator in the 
form of ICL goal expressions. When a facilitator determines 
that the registered capabilities of one of its client agents will 
help satisfy a current goal or sub-goal thereof, the facilitator 
delegates that sub-goal to the client agent in the form of an 
ICL request. The client agent processes the request and 
returns answers or information to the facilitator. In process
ing a request, the client agent can use ICL to request services 
of other agents, or utilize other infrastructure services for 
collaborative work. The facilitator coordinates and inte
grates the results received from different client agents on 
various sub-goals, in order to satisfy the overall goal. 

OAA provides a useful software platform for building 
systems that integrate spoken natural language as well as 
other user input modalities. For example, see the above
referenced co-pending patent application, especially FIG. 13 
and the corresponding discussion of a "multi-modal maps" 
application, and FIG. 12 and the corresponding discussion of 
a "unified messaging" application. Another example is the 
InfoWiz interactive information kiosk developed by the 
assignee and described in the document entitled "Info Wiz: 
An Animated Voice Interactive Information System" avail
able online at http://www.ai.sri.com/-oaa/applications.html. 
A copy of the Info Whiz document is provided in an Infor
mation Disclosure Statement submitted herewith and incor-

35 sion is then routed by the facilitator to appropriate agents
in this case, video-on-demand database agent 640-to 
execute the request. Video database agent 640 preferably 
includes or is coupled to an appropriate embodiment of 
query construction logic 330 and query refinement logic 

40 340, and may also issue ICL requests to facilitator 600 for 
additional assistance--e.g., display of menus and capture of 
additional user input in the event that query refinement is 
needed-and facilitator 600 will delegate such requests to 
appropriate client agents in the community. When the 

45 desired video content is ultimately retrieved by video data
base agent 640, UI agent 650 is invoked by facilitator 600 
to display the movie. 

Other spoken user requests, such as a request for the 
current weather in New York City or for a stock quote, 

50 would eventually lead facilitator to invoke web database 
agent 630 to access the desired information from an appro
priate Internet site. Here again, web database agent 630 
preferably includes or is coupled to an appropriate embodi
ment of query construction logic 330 and query refinement 

55 logic 340, including a scraping utility such as WebL. Other 
spoken requests, such as a request to view recent emails or 
access voice mail, would lead the facilitator to invoke the 
appropriate email agent 660 and/or telephone agent 680. A 
request to record a televised program of interest might lead 

60 facilitator 600 to invoke web database agent 630 to return 
televised program schedule information, and then invoke 
VCR controller agent 680 to program the associated VCR 
unit to record the desired television program at the sched
uled time. 

porated herein by this reference. A further example is the 65 

"CommandTalk" application developed by the assignee for 
the U.S. military, as described online at http:// 

Control and connectivity embracing additional electronic 
home appliances (e.g., microwave oven, home surveillance 
system, etc.) can be integrated in comparable fashion. 
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the navigation query to select a portion of the electronic 
data source; and 

( e) a code segment that invokes a user interface agent for 
outputting the selected portion of the electronic data 
source to the user, wherein a facilitator manages data 
flow among multiple agents and maintains a registra-
tion of each of said agents' capabilities. 

Indeed, an advantage of OAA-based embodiments of the 
present invention, that will be apparent to practitioners in 
light of the above teachings and in light of the teachings 
disclosed in the cited co-pending patent applications, is the 
relative ease and flexibility with which additional service 5 

agents can be plugged into the existing platform, immedi
ately enabling the facilitator to respond dynamically to 
spoken natural language requests for the corresponding 8. The computer program of claim 7, wherein the code 

segment that renders the interpretation of the spoken request 
10 is executed by an agent. 

services. 
4. Further Embodiments and Equivalents 

9. The computer program of claim 7, wherein a speech 
recognition agent and a parsing agent execute the code 
segment that renders the interpretation of the spoken 
request. 

While the present invention has been described in terms 
of several preferred embodiments, there are many 
alterations, permutations, and equivalents that may fall 
within the scope of this invention. It should also be noted 
that there are many alternative ways of implementing the 
methods and apparatuses of the present invention. It is 
therefore intended that the following appended claims be 
interpreted as including all such alterations, permutations, 
and equivalents as fall within the true spirit and scope of the 
present invention. 

15 
10. The computer program of claim 7, further comprising 

a code segment that solicits additional input from the user, 
including user interaction in a modality different than the 
original request; and a code segment that refines the navi
gation query, based upon the additional input; wherein the at 
least one agent uses the refined navigation query to select a 

What is claimed is: 20 portion of the electronic data source. 

1. A method for utilizing agents for speech-based navi
gation of an electronic data source, comprising the steps of: 

(a) receiving a spoken request for desired information 
from a user; 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the inter
pretation; 

25 

11. The computer program of claim 10, wherein a solicitor 
agent executes the code segment that solicit the additional 
input from the user and a refining agent executes the code 
segment that refines the navigation query. 

12. The computer program of claim 7, wherein the elec
tronic data source is a web page, wherein the at least one 
agent scrapes the web page for selecting a portion of the web 
page. 

( d) routing the navigation query to at least one agent, 
wherein the at least one agent utilizes the navigation 
query to select a portion of the electronic data source; 
and 

13. A system for utilizing agents for speech-based navi-
30 gation of an electronic data source, comprising the steps of: 

( e) invoking a user interface agent for outputting the 
selected portion of the electronic data source to the 
user, wherein a facilitator manages data flow among 35 

multiple agents and maintains a registration of each of 
said agents' capabilities. 

2. The method of claim 1, wherein an agent renders the 
interpretation of the spoken request. 

3. The method of claim 1, wherein the step of rendering 40 

the interpretation of the spoken request is performed by a 
speech recognition agent and a parsing agent. 

(a) a client device, operable to receive a spoken request 
for desired information from a user; (b) spoken lan
guage processing logic, operable to render an interpre
tation of the spoken request; 

( c) query construction logic, operable to construct a 
navigation query based upon the interpretation; 

( d) routing logic, operable to route the navigation query to 
at least one agent, wherein the at least one agent utilizes 
the navigation query to select a portion of the electronic 
data source; and 

( e) invoking logic, operable to invoke a user interface 
agent for outputting the selected portion of the elec
tronic data source to the user, Wherein a facilitator 
manages data flow among multiple agents and main
tains a registration of each of said agents' capabilities. 

14. The system of claim 13, wherein the query construc-
tion logic that renders the interpretation of the spoken 
request is executed by an agent. 

4. The method of claim 1, further comprising the steps of 
soliciting additional input from the user, including user 
interaction in a modality different than the original request; 45 

and refining the navigation query, based upon the additional 
input; wherein the at least one agent uses the refined 
navigation query to select a portion of the electronic data 
source. 15. The system of claim 13, wherein a speech recognition 

50 agent and a parsing agent execute the spoken language 
processing logic that renders the interpretation of the spoken 
request. 

5. The method of claim 4, wherein agents are utilized for 
performing the steps of soliciting additional input from the 
user and refining the navigation query. 

6. The method of claim 1, wherein the electronic data 
source is a web page, wherein the at least one agent scrapes 
the web page for selecting a portion of the web page. 

7. A computer program embodied on a computer readable 
medium for utilizing agents for speech-based navigation of 
an electronic data source, comprising the steps of: 

(a) a code segment that receives a spoken request for 
desired information from a user; 

(b) a code segment that renders an interpretation of the 
spoken request; 

(c) a code segment that constructs a navigation query 
based upon the interpretation; 

16. The system of claim 13, further comprising user 
interaction logic operable to solicit additional input from the 

55 user, including user interaction in a modality different than 
the original request; and query refining logic operable to 
refine the navigation query, based upon the additional input; 
wherein the at least one agent uses the refined navigation 
query to select a portion of the electronic data source. 

17. The system of claim 16, wherein a solicitor agent 
60 executes the user interaction logic and a refining agent 

executes the query refinement logic. 
18. The system of in claim 13, wherein the electronic data 

source is a web page, wherein the at least one agent scrapes 
the web page for selecting a portion of the web page. 

( d) a code segment that routes the navigation query to at 65 

least one agent, wherein the at least one agent utilizes * * * * * 
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BACKGROUND OF THE INVENTION 

ra Continuation In Part of co-pending U.S. Patent Application No. 

09/225, 198, filed January 5, 1999, Provisional U.S. Patent Application No. 

60/124,718, filed March 17, 1999, Provisional U.S. Patent Application No. 

60/124,720, filed March 17, 1999, and Provisional U.S. Patent Application No. 

60/124,719, filed March 17, 1999, from which applications priority is claimed and 

10 these application are incorporated herein by reference. 

The present invention relates generally to the navigation of electronic data by 

means of spoken natural language requests, and to feedback mechanisms and methods 

for resolving the errors and ambiguities that may be associated with such requests. 

As global electronic connectivity continues to grow, and the universe of 

15 electronic data potentially available to users continues to expand, there is a growing 

need for information navigation technology that allows relatively naive users to 

navigate and access desired data by means of natural l~nguage input. In many of the 

most important markets -- including the home entertainment arena, as well as mobile 

computing -- spoken natural language input is highly desirable, if not ideal. As just 

20 one example, the proliferation of high-bandwidth communications infrastructure for 

the home entertainment market (cable, satellite, broadband) enables delivery of 

movies-on-demand and other interactive multimedia content to the consumer's home 

television set. For users to take full advantage of this content stream ultimately 

requires interactive navigation of content databases in a manner that is too complex 

25 for user-friendly selection by means of a traditional remote-control clicker. Allowing 

spoken natural language requests as the input modality for rapidly searching and 

accessing desired content is an important objective for a successful consumer 

entertainment product in a context offering a dizzying range of database content 

choices. As further examples, this same need to drive navigation of (and transaction 

30 with) relatively complex data warehouses using spoken natural language requests 

· applies equally to surfing the internet/Web or other networks for general information, 

multimedia content, or e-commerce transactions. 

- 1 -
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BACKGROUND OF THE INVENTION

tstsa Continuation In Part of co-pending U.S. Patent Application No.
09/225,198, filed January 5, 1999, Provisional U.S. Patent Application No.
60/124,718, filed March 17, 1999, Provisional U.S. Patent Application No.

60/124,720, filed March 17, 1999, and Provisional U.S. Patent Application No.
60/124,719, filed March 17, 1999, from which applicationspriority is claimed and
these application are incorporated herein by reference.

The present invention relates generally to the navigation of electronic data by -

means of spoken natural language requests, and to feedback mechanisms and methods

for resolving the errors and ambiguities that may be associated with such requests.

As global electronic connectivity continues to grow, and the universe of

electronic data potentially available to users continues to expand,there is a growing

need for information navigation technology that allowsrelatively naive users to

navigate and access desired data by meansofnatural language input. In manyofthe

most important markets -- including the home entertainment arena, as well as mobile

computing -- spoken natural language inputis highly desirable, if not ideal. As just

one example,the proliferation of high-bandwidth communicationsinfrastructure for

the homeentertainment market(cable, satellite, broadband) enables delivery of

movies-on-demand and other interactive multimedia content to the consumer's home

television set. For users to take full advantage of this content stream ultimately

requires interactive navigation of content databases in a mannerthat is too complex

for user-friendly selection by meansofa traditional remote-control clicker. Allowing

spoken natural language requests as the input modality for rapidly searching and

accessing desired content is an important objective for a successful consumer

entertainment productin a context offering a dizzying range of database content

choices. As further examples, this same need to drive navigation of (and transaction

with)relatively complex data warehouses using spoken natural language requests

- applies equally to surfing the Internet/Web or other networks for general information,

multimedia content, or e-commerce transactions.
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In general, the existing navigational systems for browsing electronic databases 

and data warehouses (search engines, menus, etc.), have been designed without 

navigation via spoken natural language as a specific goal. So today's world is full of 

existing electronic data navigation systems that do not assume browsing via natural 

5 spoken commands, but rather assume text and mouse-click inputs (or in the case of 

TV remote controls, ev.en less). Simply recognizing voice commands within an 

extremely limited vocabulary and grammar -- the spoken equivalent of button/click 

input (e.g., speaking "channel 5" selects TV'channel 5) -- is really not sufficient by 

itself to satisfy the objectives described above. In order to deliver a true "win" for 

10 users, the voice-driven front-end must accept spoken natural language input in a 

manner that is intuitive to users. For example, the front-end should not require 

learning a highly specialized command language or format. More fundamentally, the 

front-end must allow users to speak directly in terms of what the user ultimately wants 

-- e.g., "I'd like to see a Western film directed by Clint Eastwood" -- as opposed to 

15 speaking in terms of arbitrary navigation structures (e.g., hierarchical layers of menus, 

commands, etc.) that are essentially artifacts reflecting constraints of the pre-existing 

texVclick navigation system. At the same time, the front-end must recognize and 

accommodate the reality that a stream of naive spoken natural language input will, 

over time, typically present a variety of errors and/or ambiguities: e.g., 

tgJ 20 garbled/unrecognized words (did the user say "Eastwood" or "Easter"?) and under-

constrained requests ("Show me the Clint Eastwood movie"). An approach is needed 

for handling and resolving such errors and ambiguities in a rapid, user-friendly, non

frustrating manner. 

What is needed is a methodology and apparatus for rapidly constructing a 

25 voice-driven front-end atop an existing, non-voice data navigation system, whereby 

users can interact by means of intuitive natural language input not strictly conforming 

to the step-by-step browsing architecture of the existing navigation system, and 

wherein any errors or ambiguities in user input are rapidly and conveniently resolved. 

The solution to this need should be compatible with the constraints of a multi-user, 

30 distributed environment such as the InterneVWeb or a proprietary high-bandwidth 

content delivery network; a solution contemplating one-at-a-time user interactions at a 

single location is insufficient, for example. 

-2-
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SUMMARY OF THE INVENTION 

e present invention addresses the above needs by providing a system, 

rticle of manufacture for navigating network-based electronic data 

5 sources in respo e to spoken NL input requests. When a spoken natural language 

from a user, it is interpreted, such as by using a speech 

recognition engine to extra speech data ~om acoustic voice signals, and using a 

natural language parser to lingu · tically parse the speech data. The interpretation of 

the spoken natural language request n be performed on a computing device locally 

1 o with the user or remotely from the user. e resulting interpretation of the request is 

15 

'• 
thereupon used to automatically construct an erational navigation query to retrieve 

the desired information from one or more electron network data sources, which is 

then transmitted to a client device of the user. If the ne ork data source is a 

database, the navigation query is constructed in the format 

Typically, errors or ambiguities emerge in the interpretation of the spoken NL 

request, such that the system cannot instantiate a complete, valid navigational 

template. This is to be expected occasionally, and one preferred aspect of the 

invention is the ability to handle such errors and ambiguities in relatively graceful and 

20 user-friendly manner. Instead of simply rejecting such input and defaulting to 

traditional input modes or simply asking the user to try again, a preferred embodiment 

of the present invention seeks to converge rapidly toward instantiation of a valid 

navigational template by soliciting additional clarification from the user as necessary, 

either before or after a navigation of the data source, via multimodal input, i.e., by 

25 means ofmenu selection or other input modalities including and in addition to spoken 

natural language. This clarifying, multi-modal dialogue takes advantage of whatever 

partial navigational information has been gleaned from the initial interpretation of the 

user's spoken NL request. This clarification process continues until the system 

converges toward an adequately instantiated navigational template, which is in tum 

30 used to navigate the network-based data and retrieve the user's desired information. 

The retrieved information is transmitted across the network and presented to the user 

on a suitable client display device. 

-3- 1 }_ 
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€ present invention addresses the above needs by providing a system,

method, and‘article of manufacture for navigating network-based electronic data

sources in response to spoken NL input requests. When a spoken natural language
input request is received from a user, it is interpreted, such as by using a speech
recognition engine to extrast speech data from acoustic voice signals, and using a
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Typically, errors or ambiguities emerge in the interpretation of the spoken NL

request, such that the system cannotinstantiate a complete, valid navigational

template. This is to be expected occasionally, and one preferred aspect of the

inventionis the ability to handle such errors and ambiguities in relatively graceful and

user-friendly manner. Instead of simply rejecting such input and defaulting to

traditional input modesor simply asking the userto try again, a preferred embodiment

of the present invention seeks to converge rapidly towardinstantiation of a valid

navigational template by soliciting additional clarification from the user as necessary,

either before or after a navigation of the data source, via multimodal input, i.e., by

means ofmenuselection or other input modalities including and in addition to spoken

natural language. This clarifying, multi-modal dialogue takes advantage of whatever

partial navigational information has been gleaned from the initial interpretation of the

user's spoken NL request. This clarification process continues until the system
converges toward an adequately instantiated navigational template, which is in turn

used to navigate the network-based data and retrieve the user's desired information.

Theretrieved information is transmitted across the network and presented to the user

“ona suitable client display device.
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In a further aspect of the present invention, the construction of the navigation 

query includes.extracting an input template for an online scripted interface to the data 

source and using the input template to construct the navigation query. The extraction 

of the input template can include dynamically scraping the online scripted interface. 

-4- s 
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5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, may best be 

understood by reference to the following description taken in conjunction with the 

accompanying drawings in which: 

Figure la illustrates a system providing a spoken natural language interface 

for network-based information navigation, in accordance with an embodiment of the 

present inventioJ;l with server-side processing of requests; 

Figure 1 b illustrates another system providing a spoken natural language 

interface for network-based information navigation, in accordance with an 

10 embodiment of the present invention with client-side processing of requests; 

Figure 2 illustrates a system providing a spoken natural language interface for 

network-based information navigation, in accordance with an embodiment of the 

present invention for a mobile computing scenario; 

Figure 3 illustrates the functional logic components of a request processing 

15 module in accordance with an embodiment of the present invention; 

20 

Figure 4 illustrates a process utilizing spoken natural language for navigating 

an electronic database in accordance with one embodiment of the present invention; 

Figure 5 illustrates a process for constructing a navigational query for 

accessing an online data source via an interactive, scripted (e.g., CGI) form; and 

Figure 6 illustrates an embodiment of the present invention utilizing a 

community of distributed, collaborating electronic agents. 

l. -5- 0 

DISH, Exh. 1006, p. 15

Petitioner Microsoft Corporation - Ex. 1008, p. 968



f;:~ 
~::::: 

~~j 
~~1 
~~j 
\::~ 

t~:~ 

~:J 

rt~ 
a 

':J 
~~~~ 
til:~ 
r'e -::; ~ ::-

~:J 
~=::::: 
;~;::::~ 

1 

1 

DETAILED DESCRIPTION OF THE INVENTION 

1. System Architecture 

a. Server-End Processing of Spoken Input 

Figure la is ·an illustration of a data navigation system driven by spoken 

5 natural language input, in accordance with one embodiment of the present invention. 

0 

5 

As shown, a user's voice input data is captured by a voice input device 102, such as a 

microphone. Preferably voice input device 102 includes a button or the like that can 

be pressed or held-down to activate a listening mode, so that the system need not 

continually pay attention to, or be confused by, irrelevant background noise. In one 

preferred embodiment well-suited for the home entertainment setting, voice input 

device 102 is a portable remote control device with an integrated microphone, and the 

voice data is transmitted from device 102 preferably via infrared (or other wireless) 

link to communications box 104 (e.g., a set-top box or a similar communications 

device that is capable of retransmitting the raw voice data and/or processing the voice 

data) local to the user's environment and coupled to communications network 106. 

The voice data is then transmitted across network 106 to a remote server or servers 

108. The voice data may preferably be transmitted in compressed digitized form, or 

alternatively --particularly where bandwidth constraints are significant-- in analog 

format (e.g., via frequency modulated transmission), in the latter case being digitized 

20 upon arrival at remote server 108. 

At remote server 108, the voice data is processed by request processing logic 

300 in order to understand the user's request and construct an appropriate query or 

request for navigation of remote data source 110, in accordance with the interpretation 

process exemplified in Figure 4 and Figure 5 and discussed in greater detail below. 

25 For purposes of executing this process, request processing logic 300 comprises 

functional modules including speech recognition engine 310, natural language (NL) 

parser 320, query construction logic 330, and query refinement logic 340, as shown in 

Figure 3. Data source 110 may comprise database(s), Internet/web site(s), or other 

electronic information repositories, and preferably resides on a central server or 

30 · servers -- which may or may not be the same as server 108, depending on the storage 

-6- ·7 
DISH, Exh. 1006, p. 16

Petitioner Microsoft Corporation - Ex. 1008, p. 969



... __ ~ 

and bandwidth needs of the application and the resources available to the practitioner. 

Data source 110 may include multimedia content, such as movies or other digital 

video and audio content, other various forms of entertainment data, or other electronic 

information. The contents of data source 110 are navigated -- i.e., the contents are 

5 accessed and searched, for retrieval of the particular infom:'1ation desired by the user -

using the processes of Figures 4 and 5 as described in greater detail below. 

10 

Once the desired information has been retrieved from data source 110, it is 

electronically transmitted via network 106 'to the user for viewing on client display 

device 112. In a preferred embodiment well-suited for the home entertainment setting, 

display device 112 is a television monitor or similar audiovisual entertainment device, 

typically in stationary position for comfortable viewing by users. In addition, in such 

preferred embodiment, display device 112 is coupled to or integrated with a 

communications box (which is preferably the same as communications box 104, but 

may also be a separate unit) for receiving and decoding/formatting the desired 

,,,~ 15 electronic information that is received across communications network 106. 

Network 106 is a two-way electronic communications network and may be 

embodied in electronic communication infrastructure including coaxial (cable 

television) lines, DSL, fiber-optic cable, traditional copper wire (twisted pair), or any 

other type of hardwired connection. Network 106 may also include a wireless 

20 connection such as a satellite-based connection, cellular connection, or other type of 

wireless connection. Network 106 may be part of the Internet and may support 

TCP/IP communications, or may be embodied in a proprietary network, or in any 

other electronic communications network infrastructure, whether packet-switched or 

connection-oriented. A design consideration is that network 106 preferably provide 

25 suitable bandwidth depending upon the nature of the content anticipated for the 

desired application. 

b. Client-End Processing of Spoken Input 

Figure 1 b is an illustration of a data navigation system driven by spoken 

natural language input, in accordance with a second embodiment of the present 

30 invention. Again, a user's voice input data is captured by a voice input device 102, 

such as a microphone. In the embodiment shown in Figure 1 b, the voice data is 

- 7 -
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and bandwidth needs of the application and the resources available to the practitioner.

Data source 110 may include multimedia content, such as movies or other digital

video and audio content, other various forms of entertainmentdata, or other electronic
information. The contents ofdata source 110 are navigated -- i.e., the contents are

5 accessed and searched,forretrieval of the particular information desired by the user --

using the processes of Figures 4 and:5 as describedin greater detail below.

Once the desired information has been retrieved from data source 110, it is

electronically transmitted via network 106 to the user for viewing on client display

device 112. Ina preferred embodimentwell-suited for the home entertainmentsetting,

10 display device 112 is a television monitor or similar audiovisual entertainment device,

typically in stationary position for comfortable viewing by users. In addition, in such

preferred embodiment, display device 112 is coupled to or integrated with a

communications box (which is preferably the same as communications box 104, but

may also be a separate unit) for receiving and decoding/formatting the desired 
15 electronic information that is received across communications network 106.

Network 106 is a two-way electronic communications network and may be

embodied in electronic communication infrastructure including coaxial (cable

television) lines, DSL, fiber-optic cable, traditional copper wire (twisted pair), or any

other type of hardwired connection. Network 106 may also include a wireless 
20 connection such as a satellite-based connection, cellular connection, or other type of

td wireless connection. Network 106 may be part of the Internet and may support

TCP/IP communications, or may be embodied in a proprietary network, or in any

other electronic communications network infrastructure, whether packet-switched or

connection-oriented. A design consideration is that network 106 preferably provide

25 suitable bandwidth depending upon the nature of the content anticipated for the

desired application.

b,_Client-End Processing of Spoken Input

Figure 1b is an illustration of a data navigation system driven by spoken

natural language input, in accordance with a second embodiment of the present

30 invention. Again, a user's voice input data is captured by a voice input device 102,

such as a microphone. In the embodiment shown in Figure 1b, the voice data is

a
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transmitted from device 202 to requests processing logic 300, hosted on a local speech 

processor, for processing and interpretation. In the preferred embodiment illustrated 

in Figure 1 b, the local speech processor is conveniently integrated as part of 

communications box 104, although implementation in a physically separate (but 

5 communicatively coupled) unit is also possible as will be readily apparent to those of 

skill in the art. The voice data is processed by the components of request processing 

logic 300 in order to understand the user's request and construct an appropriate query 

or request for navigation of remote data source 110, in accordance with the 

interpretation process exemplified in Figures 4 and 5 as discussed in greater detail 

10 below. 

The resulting navigational query is then transmitted electronically across 

network 106 to data source 110, which preferably resides on a central server or 

servers 108. As in Figure la, data source 110 may comprise database(s), Internet/web 

site(s), or other electronic information repositories, and preferably may include 

15 multimedia content, such as movies or other digital video and audio content, other 

various forms of entertainment data, or other electronic information. The contents of 

data source 110 are then navigated -- i.e., the contents are accessed and searched, for 

retrieval of the particular information desired by the user -- preferably using the 

process of Figures 4 and 5 as described in greater detail below. Once the desired 

20 information has been. retrieved from data source 110, it is electronically transmitted 

via network 106 to the user for viewing on client display device 112. 

In one embodiment in accordance with Figure 1 b and well-suited for the home 

entertainment setting, voice input device 102 is a portable remote control device with 

an integrated microphone, and the voice data is transmitted from device 102 

25 preferably via infrared (or other wireless) link to the local speech processor. The 

local speech processor is coupled to communications network 106, and also 

preferably to client display device 112 (especially for purposes of query refinement 

transmissions, as discussed below in connection with Figure 4, step 412), and 

preferably may be integrated within or coupled to communications box 104. In 

30 addition, especially for purposes of a home entertainment application, display device 

112 is preferably a television monitor or similar audiovisual entertainment device, 

typically in stationary position for comfortable viewing by users. In addition, in such 
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preferred embodiment, display device 112 is coupled to a communications box (which 

is preferably the same as communications box 104, but may also be a physically 

separate unit) for receiving and decoding/formatting the desired electronic 

information that is received across communications network 106. 

Design considerations favoring server-side processing and interpretation of 

spoken input requests1 as exemplified in Figure la, include minimizing the need to 

distribute costly computational hardware and software to all client users in order to 

perform speech and language processing. ·Design considerations favoring client-side 

processing, as exemplified in Figure 1 b, include minimizing the quantity of data sent 

10 upstream across the network from each client, as the speech recognition is performed 

before transmission across the network and only the query data and/or request needs 

to be sent, thus reducing the upstream bandwidth requirements. 

c. Mobile Client Embodiment 

A mobile computing embodiment of the present invention may be 

15 implemented by practitioners as a variation on the embodiments of either Figure la or 

Figure 1 b. For example, as depicted in Figure 2, a mobile variation in accordance 

with the server-side processing architecture illustrated in Figure 1 a may be 

implemented by replacing voice input device 102, communications box 104, and 

client display device 112, with an integrated, mobile, information appliance 202 such 

20 as a cellular telephone or wireless personal digital assistant (wireless PDA). Mobile 

information appliance 202 essentially performs the functions of the replaced 

components. Thus, mobile information appliance 202 receives spoken natural 

language input requests from the user in the form of voice data, and transmits that 

data (preferably via wireless data receiving station 204) across communications 

25 network 206 for server-side interpretation of the request, in similar fashion as 

described above in connection with Figure 1. Navigation of data source 210 and 

retrieval of desired information likewise proceeds in an analogous manner as 

described above. Display information transmitted electronically back to the user 

across network 206 is displayed for the user on the display of information appliance 

30 202, and audio information is output through the appliance's speakers. 
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preferred embodiment, display device 112 is coupled to a communications box (which

is preferably the same as communications box 104, but may also be a physically
separate unit) for receiving and decoding/formatting the desired electronic

information that is received across communications network 106.

\

5 - Design considerations favoring server-side processing and interpretation of
spoken input requests, as exemplified in Figure 1a, include minimizing the need to —

distribute costly computational hardware and software to all client users in order to

perform speech and language processing. Design considerations favoring client-side

processing, as exemplified in Figure 1b, include minimizing the quantity of data sent

10 upstream across the network from eachclient, as the speech recognition is performed

before transmission across the network and only the query data and/or request needs

to be sent, thus reducing the upstream bandwidth requirements.

c. Mobile Client Embodiment |

A mobile computing embodiment of the present invention may be

15 implemented by practitioners as a variation on the embodiments of either Figure la or

Figure 1b. For example, as depicted in Figure 2, a mobile variation in accordance

with the server-side processing architecture illustrated in Figure la may be

implemented by replacing voice input device 102, communications box 104, and

client display device 112, with an integrated, mobile, information appliance 202 such

20. as acellular telephone or wireless personal digital assistant (wireless PDA). Mobile

 
information appliance 202 essentially performs the functions of the replaced

components. Thus, mobile information appliance 202 receives spoken natural

language input requests from the user in the form of voice data, and transmits that

data (preferably via wireless data receiving station 204) across communications

25 network 206 for server-side interpretation of the request, in similar fashion as

described above in comnection with Figure 1. Navigation of data source 210 and

retrieval of desired information likewise proceeds in an analogous manner as

"described above. Display information transmitted electronically back to the user
across network 206 is displayed for the user on the display of information appliance

30 202, and audio informationis output through the appliance's speakers.

, ()

DISH, Exh. 1006,p. 19

Petitioner Microsoft Corporation - Ex. 1008, p. 972



5 

.... --" 

Practitioners will further appreciate, in light of the above teachings, that if 

mobile information appliance 202 is equipped with sufficient computational 

processing power, then a mobile variation of the client-side architecture exemplified 

in Figure 2 may similarly be implemented. In that case, the modules corresponding to 

reqJest processing logic 300 would be embodied locally in the computational 

resources of mobile information appliance 202, and the logical flow of data would 

otherwise follow in a manner analogous to that previously described in connection 

with Figure 1 b. 

As illustrated in Figure 2, multiple users, each having their own client input 

1 O device, may issue requests, simultaneously or otherwise, for navigation of data source 

210. This is equally true (though not explicitly drawn) for the embodiments depicted 

in Figures la and lb. Data source 210 (or 100), being a network accessible 

information resource, has typically already been constructed to support access 

requests from simultaneous multiple network users, as known by practitioners of 

15 ordinary skill in the art. In the case of server-side speech processing, as exemplified 

in Figures la and 2, the interpretation logic and error correction logic modules are 

also preferably designed and implemented to support queuing and multi-tasking of 

requests from multiple simultaneous network users, as will be appreciated by those of 

skill in the art. 

20 It will be apparent to those skilled in the art that additional implementations, 

permutations and combinations of the embodiments set forth in Figures 1 a, 1 b, and 2 

may be created without straying from the scope and spirit of the present invention. 

For example, practitioners will understand, in light of the above teachings and design 

considerations, that it is possible to divide and allocate the functional components of 

25 request processing logic 300 between client and server. For example, speech 

recognition -- in entirety, or perhaps just early stages such as feature extraction -

might be performed locally on the client end, perhaps to reduce bandwidth 

requirements, while natUral language parsing and other necessary processing might be 

performed upstream on the server end, so that more extensive computational power 

30 need not be distributed locally to each client. In that case, corresponding portions of 

request processing logic 300, such as speech recognition engine 310 or portions 
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thereof, would reside locally at the client as in Figure 1 b, while other component 

modules would be hosted at the server end as in Figures la and 2. 

Further, practitioners may choose to implement the each of the various 

embodiments described above on any number of differ.ent hardware and software 

5 computing platforms and environments and various combinations thereof, including, 

by way of just a few ,examples: a general-purpose hardware microprocessor such as 

the Intel Pentium series; operating system software such as Microsoft Windows/CE, 

Palm OS, or Apple Mac OS (particularly for client devices and client-side 

processing), or Unix, Linux, or Windows/NT (the latter three particularly for network 

10 data servers and server-side processing), and/or proprietary information access 

platforms such as Microsoft's WebTV or the Diva Systems video-on-demand system. 

2. Processing Methodology 

The present invention provides a spoken natural language interface for 

interrogation of remote electronic databases and retrieval of desired information. A 

15 preferred embodiment of the present invention utilizes the basic methodology outlined 

in the flow diagram of Figure 4 in order to provide this interface. This methodology 

will now be discussed. 

a. Interpreting Spoken Natural Language Reguests 

~:j At step 402, the user's spoken request for information is initially received in 

20 the form of raw (acoustic) voice data by a suitable input device, as previously 

discussed in connection with Figures 1-2. At step 404 the voice data received from 

the user is interpreted in order to understand the user's request for information. 

Preferably this step includes performing speech recognition in order to extract words 

from the voice data, and further includes natural language parsing of those words in 

25 order to generate a structured linguistic representation of the user's request. 

Speech recognition in step 404 is performed using speech recognition engine 

310. A variety of commercial quality, speech recognition engines are readily 

available on the market, as practitioners will know. For example, Nuance 

Communications offers a suit~ of speech recognition engines, including Nuance 6, its 

30 current flagship product, and Nuance Express, a lower cost package for entry-level 
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5 

10 

applications. As one other example, IBM offers the Via Voice speech recognition 

engine, including a low-cost shrink-wrapped version available through popular 

consumer distribution channels. Basically, a speech recognition engine processes 

acoustic voice data and attempts to generate a text stream of recognized words. 

Typically, the speech recognition engine is provided with a vocabulary lexicon 

of likely words or phrases that the recognition engine can match against its analysis of 

acoustical signals, for purposes of a given application. Preferably, the lexicon is 

dynamically adjusted to reflect the current user context, as established by the 

preceding user foputs. For example, if a user is engaged in a dialogue with the system 

about movie selection, the recognition engine's vocabulary may preferably be adjusted 

to favor relevant words and phrases, such as a stored list of proper names for popular 

movie actors and directors, etc. Whereas if the current dialogue involves selection 

and viewing of a sports event, the engine's vocabulary might preferably be adjusted to 

favor a stored list of proper names for professional sports teams, etc. In addition, a 

15 speech recognition engine is provided with language models that help the engine 

predict the most likely interpretation of a given segment of acoustical voice data, in 

the current context of phonemes or words in which the segment appears. In addition, 

speech recognition engines often echo to the user, in more or less real-time, a 

transcription of the engine's best guess at what the user has said, giving the user an 

20 opportunity to confirm or reject. 

In a further aspect of step 404, natural language interpreter (or parser) 320 

linguistically parses and interprets the textual output of the speech recognition engine. 

In a preferred embodiment of the present invention, the natural-language interpreter 

attempts to determine both the meaning of spoken words (semantic processing) as 

25 well as the grammar of the statement (syntactic processing), such as the Gemini 

Natural Language Understanding System developed by SRI International. The 

Gemini system is described in detail in publications entitled "Gemini: A Natural 

Language System for Spoken-Language Understanding" and "Interleaving Syntax and 

Semantics in an Efficient Bottom-Up Parser," both of which are currently available 

30 online at http://www.ai.sri.com/natural-language/projects/arpa-sls/nat-lang.html. 

(Copies of those publications are also included in an information disclosure statement 

· submitted herewith, and are incorporated herein by this reference). Briefly, Gemini 
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applies a set of syntactic and semantic grammar rules to a word string using a bottom

up parser to ·generate a logical form, which is a structured representation of the 

context-independent meaning of the string. Gemini can be used with a variety of 

grammars, including general English grammar as well as application-specific 

5 grammars. The Gemini parser is based on "unification grammar," meaning that 

grammatical categories incorporate features that can be assigned values; so that when· 

grammatical category expressions are matched in the course of parsing or semantic 

interpretation, the information contained iri the features is combined, and if the feature 

values are incompatible the match fails. 

lO It is possible for some applications to achieve a significant reduction in speech 
'• 

recognition error by using the natural-language processing system to re-score 

recognition hypotheses. For example, the grammars defined for a language parser 

like Gemini may be compiled into context-free grammar that, in tum, can be used 

directly as language models for speech recognition engines like the Nuance 

15 recognizer. Further details on this methodology are provided in the publication 

"Combining Linguistic and Statistical Knowledge Sources in Natural-Language 

Processing for ATIS" which is currently available online through 

http://www.ai.sri.com/natural-language/projects/arpa-sls/spnl-int.html. A copy of this 

publication is included in an information disclosure submitted herewith, and is 

20 incorporated herein by this reference. 

In an embodiment of the present invention that may be preferable for some 

applications, the natural language interpreter "learns" from the past usage patterns of 

a particular user or of groups of users. In such an embodiment, the successfully 

interpreted requests of users are stored, and can then be used to enhance accuracy by 

25 comparing a current request to the stored requests, thereby allowing selection of a 

most probable result. 

b. Constructing Navigation Queries 

In step 405 request processing logic 300 identifies and selects an appropriate 

online data source where the desired information (in this case, current weather reports 

30 . for a given city) can be found. Such selection may involve look-up in a locally stored 

table, or possibly dynamic searching through an online search engine, or other online 
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applies a set of syntactic and semantic grammarrules to a word string using a bottom-

up parser to generate a logical form, which is a structured representation of the
context-independent meaning of the string. Gemini can be used with a variety of

grammars, including general English grammar as well as application-specific

5 grammars. The Gemini parser is based on “unification grammar," meaning that

grammatical categories incorporate features that can be assigned values; so that when

grammatical category expressions are matched in the course of parsing or semantic

interpretation, the information containedin the features is combined, andif the feature

values are incompatible the matchfails.

10 It is possible for some applications to achieve a significant reduction in speech
recognition error by using the natural-language processing system to re-score
recognition hypotheses. For example, the grammars defined for a language parser

like Gemini may be compiled into context-free grammarthat, in turn, can be used

directly as language models for speech recognition engines like the Nuance

15 recognizer. Further details on this methodology are provided in the publication
"Combining Linguistic and Statistical Knowledge Sources in Natural-Language

Processing for ATIS" which is currently available online through

http://Awww.ai,sri.com/natural-language/projects/arpa-sls/spni-int.html. A copy of this

publication is included in an information disclosure submitted herewith, and is

20 incorporated herein bythis reference.
 

In an embodiment of the present invention that may be preferable for some

applications, the natural language interpreter “learns” from the past usage patterns of

a particular user or of groups of users. In such an embodiment, the successfully

interpreted requests of users are stored, and can then be used to enhance accuracy by

25 comparing a current request to the stored requests, thereby allowing selection of a

most probable result.

b. Constructing Navigation Queries

In step 405 request processing logic 300 identifies and selects an appropriate
online data source where the desired information (in this case, current weather reports

30. for a given city) can be found. Such selection may involve look-up in a locally stored

table, or possibly dynamic searching through an online search engine, or other online
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search techniques. For some applications, an embodiment of the present invention 

may be implemented in which only access to a particular data source (such as a 

particular vendor's proprietary content database) is supported; in that case, step 405 

may be trivial or may be eliminated entirely. 

5 Step 406 attempts to construct a navigation query, reflecting the interpretation 

of step 404. This operation is preferably performed by query construction logic 330. 

A "navigation query" means an' electronic query, form, series of menu 

selections, or the like; being structured appropriately so as to navigate a particular 

data source of interest in search of desired information. In other words, a navigation 

1 o query is constructed such that it includes whatever content and structure is required in 

order to access desired information electronically from a particular database or data 

source of interest. 

For example, for many existing electronic databases, a navigation query can 

be embodied using a formal database query language such as Standard Query 

15 Language (SQL). For many databases, a navigation query can be constructed through 

a more user-friendly interactive front-end, such as a series of menus and/or interactive 

forms to be selected or filled in. SQL is a standard interactive and programming 

language for getting information from and updating a database. SQL is both an ANSI 

and an ISO standard. As is well known to practitioners, a Relational Database 

~:J 20 Management System (RDBMS), such as Microsoft's Access, Oracle's Oracle?, and 

Computer Associates' CA-Openlngres, allow programmers to create, update, and 

administer a relational database. Practitioners of ordinary skill in the art will be 

thoroughly familiar with the notion of database navigation through structured query, 

and will be readily able to appreciate and utilize the existing data structures and 

25 navigational mechanisms for a given database, or to create such structures and 

mechanisms where desired. 

In accordance with the present invention, the query constructed in step 406 

must reflect the user's request as interpreted by the speech recognition engine and the 

NL parser in step 404. In embodiments of the present invention wherein data source 

30 110 (or 210 in the corresponding embodiment of Figure 2) is a structured relational 

database or the like, step 406 of the present invention may entail constructing an 
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appropriate. Structured Query Language (SQL) query or the like, or automatically 

filling out a front-end query form, series of menus or the like, as described above. 

In many existing Internet (and Intranet) applications, an online electronic data 

source is accessible to users only through the medium of interaction with a so-called 

5 Common Gateway Interface (CG!) script. Typically the user who visits a web site of 

this nature must fill in the fields of an online interactive form. The online form is in 

tum linked to a CG! script, which tran~parently handles actual navigation of the 

associated data ~ource and produces output for viewing by the user's web browser. In 

other words, direct user access to· the data source is not supported, only mediated 

10 access through the form and CG! script is offered. 

For applications of this nature, an advantageous embodiment of the present 

invention "scrapes" the scripted online site where information desired by a user may 

be found in order to facilitate construction of an effective navigation query. For 

example, suppose that a user's spoken natural language request is: "What's the weather 

15 in Miami?" After this request is received at step 402 and interpreted at step 404, 

assume that step 405 determines that the desired weather information is available 

online through the medium of a CGI-scripted interactive form. Step 406 is then 

preferably carried out using the expanded process diagrammed in Figure 5. In 

particular, at sub-step 520, query construction logic 330 electronically "scrapes" the 

20 online interactive form, meaning that query construction logic 330 automatically 

extracts the format and structure of input fields accepted by the online form. At sub

step 522, a navigation query is then constructed by instantiating (filling in) the 

extracted input format -- essentially an electronic template -- in a manner reflecting 

the user's request for information as interpreted in step 404. The flow of control then 

25 returns to step 407 of Figure 4. Ultimately, when the query thus constructed by 

scraping is used to navigate the online data source in step 408, the query effectively 

initiates the same scripted response as if a human user had visited the online site and 

had typed appropriate entries into the input fields of the online form. 

In the embodiment just described, scraping step 520 is preferably carried out 

30 with the assistance of an online extraction utility such as WebL. WebL is a scripting 

language for automating tasks on the World Wide Web. It is an imperative, 
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interpreted language that has built-in support for common web protocols like HTTP 

and FTP, and popular data types like HTML and XML. WebL's implementation 

language is Java, and the complete source code is available from Compaq. In 

addition, step 520 is preferably performed dynamically when necessary -- in other 

5 words, on-the-fly in r~sponse to a particular user query~- but in some applications it 

may be possible to scrape relatively stable (unchanging) web sites of likely interest in 

advance and to cache the resulting template information. 

10 

It will be apparent, in light of the above teachings, that preferred embodiments 

of the present invention can provide a spoken natural language interface atop an 

existing, non-voice data navigation system, whereby users can interact by means of 

intuitive natural language input not strictly conforming to the linear browsing 

architecture or other artifacts of an existing menu/text/click navigation system. For 

example, users of an appropriate embodiment of the present invention for a video-on

demand application can directly speak the natural request: "Show me the movie 

•,,~ 15 'Unforgiven"' -- instead of walking step-by-step through a typically linear sequence of 
i~¥~ 

genre/title/actor/director menus, scrolling and selecting from potentially long lists on 

each menu, or instead of being forced to use an alphanumeric keyboard that cannot be 

as comfortable to hold or use as a lightweight remote control. Similarly, users of an 

appropriate embodiment of the present invention for a web-surfing application in 

D 20 accordance with the process shown in Figure 5 can directly speak the natural request: 

"Show me a one-month price chart for Microsoft stock" -- instead of potentially 

having to navigate to an appropriate web site, search for the right ticker symbol, 

enter/select the symbol, and specify display of the desired one-month price chart, each 

of those steps potentially involving manual navigation and data entry to one or more 

25 different interaction screens. (Note that these examples are offered to illustrate some 

of the potential benefits offered by appropriate embodiments of the present invention, 

and not to limit the scope of the invention in any respect.) 

c. Error Correction 

Several problems can arise when attempting to perform searches based on 

30 spoken natural language input. As indicated at decision step 407 in the process of 

. Figure 4, certain deficiencies may be identified during the process of query 
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interpreted language that has built-in support for common web protocols like HTTP
and FTP, and popular data types like HTML and XML. WebL's implementation

language is Java, and the complete source code is available from Compaq. In

addition, step 520 is preferably performed dynamically when necessary -- in other

5 words, on-the-fly in response to a particular user query -- but in some applications it

may be possible to scrape relatively stable (unchanging) websites of likely interest in

advance and to cache the resulting template information.

It will be apparent, in light of the above teachings, that preferred embodiments

of the present invention can provide a spoken natural language interface atop an

10 existing, non-voice data navigation system, whereby users can interact by means of

intuitive natural language input not strictly conforming to the linear browsing

architecture or other artifacts of an existing menu/text/click navigation system. For

example, users of an appropriate embodimentof the present invention for a video-on-

demand application can directly speak the natural request: "Show me the movie

15 'Unforgiven™ -- instead of walking step-by-step through a typically linear sequence of

genre/title/actor/director menus, scrolling andselecting from potentially long lists on
 

ns each menu, or instead of being forced to use an alphanumeric keyboard that cannot bebid)

as comfortable to hold or use as a lightweight remote control. Similarly, users of ancomb!eseltgeeha appropriate embodiment of the present invention for a web-surfing application in

20 accordance with the process shown in Figure 5 can directly speak the natural request: 
"Show me a one-month price chart for Microsoft stock" -- instead of potentially

having to navigate to an appropriate web site, search for the mght ticker symbol,

enter/select the symbol, and specify display of the desired one-month price chart, each

of those steps potentially involving manual navigation and data entry to one or more

25 different interaction screens. (Note that these examples are offered to illustrate some

of the potential benefits offered by appropriate embodiments of the present invention,

and notto limit the scope of the invention in any respect.)

c. Error Correction

Several problems can arise when attempting to perform searches based on

30 spoken natural language input. As indicated at decision step 407 in the process of

. Figure 4, certain deficiencies may be identified during. the process of query
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construction,. before search of the data source is even attempted. For example, the 

user's request· may fail to specify enough information in order to construct a 

navigation query that is specific enough to obtain a satisfactory search result. For 

example, a user might orally request "what's the weather?" whereas the national 

5 online data source identified in step 405 and scraped in step 520 might require 

specifying a particular _city. 

10 

Additionally, certain deficiencies and problems may arise following the 

navigational sear~h of the data source at step 408, as indicated at decision step 409 in 

Figure 4. For example, with reference to a video-on-demand application, a user may 

wish to see the movie "Unforgiven", but perhaps the user can't recall name of the film, 

but knows it was directed by and starred actor Clint Eastwood. A typical video:on

demand database might indeed be expected to allow queries specifying the name of a 

leading actor and/or director, but in the case of this query -- as in many cases -- that 

will not be enough to narrow the search to a single film, and additional user input in 

15 some form is required. 

In the event that one or more deficiencies in the user's spoken request, as 

processed, result in the problems described, either at step 407 or 409, some form of 

error handling is in order. A straightforward, crude technique might be for the system 

to respond simply "input not understood I insufficient; please try again." However, 

20 that approach will likely result in frustrated users, and is not optimal or even 

acceptable for most applications. Instead, a preferred technique in accordance with 

the present invention handles such errors and deficiencies in user input at step 412, 

whether detected at step 407 or step 409, by soliciting additional input from the user 

in a manner taking advantage of the partial construction already performed and via 

25 user interface modalities in addition to spoken natural language ("multi-modality"). 

This supplemental interaction is preferably conducted through client display device 

112 (202, in the embodiment of Figure 2), and may include textual, graphical, audio 

and/or video media. Further details and examples are provided below. Query 

refinement logic 340 preferably carries out step 412. The additional input received 

30 from the user is fed into and augments interpreting step 404, and query construction 

step 406 is likewise repeated with the benefit of the augmented interpretation. These 

operations, and subsequent navigation step 408, are preferably repeated until no 
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remaining problems or deficiencies are identified at decision points 407 or 409. 

Further details and examples for this query refinement process are provided 

immediately below. 

Consider again the example in which the user of a video-on-demand 

5 application wishes to see "Unforgiven" but can only recall that it was directed by and. 

starred Clint Eastwood. First, it bears noting that using a prior art navigational 

interface, such as a· conventional menu interface, will likely be relatively tedious in 

this case. The user can proceed through a sequence of menus, such as Genre (select 

"western"), Title (skip), Actor ("Clint Eastwood"), and Director ("Clint Eastwood"). 

10 In each case --especially for the last two items -- the user would typically scroll and 

select from fairly long lists in order to enter his or her desired name, or perhaps use a 

relatively couch-unfriendly keypad to manually type the actor's name twice. 

Using a preferred embodiment of the present invention, the user instead speaks 

aloud, holding remote control microphone 102, "I want to see that movie starring and 

15 directed by Clint Eastwood. Can't remember the title." At step 402 the voice data is 

received. At step 404 the voice data is interpreted. At step 405 an appropriate online 

data source is selected (or perhaps the system is directly connected to a proprietary 

video-on-demand provider). At step 406 a query is automatically constructed by the 

query construction logic 330 specifying "Clint Eastwood" in both the actor and 

20 director fields. Step 407 detects no obvious problems, and so the query is 

electronically submitted and the data source is navigated at step 408, yielding a list of 

several records satisfying the query (e.g., "Unforgiven", "True Crime", "Absolute 

Power", etc.). Step 409 detects that additional user input is needed to further refine 

the query in order to select a particular film for viewing. 

25 At that point, in step 412 query refinement logic 340 might preferably 

generate a display for client display device 112 showing the (relatively short) list of 

film titles that satisfy the user's stated constraints. The user can then preferably use a 

relatively convenient input modality, such as buttons on the remote control, to select 

the desired title from the menu. In a further preferred embodiment, the first title on 

30 the list is highlighted by default, so that the user can simply press an "OK" button to 

choose that selection. In a further preferred feature, the user can mix input modalities 
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by speaking a response like "I want number one on the list." Alternatively, the user 

can preferably.say, "Let's see Unforgiven," having now been reminded of the title by 

the menu disp~ay. 

Utilizing the user's supplemental input, request processing logic 300 iterates 

5 again through steps 404 and 406, this time constructing a fully-specified query that 

specificaily requests the Eastwood film "Unforgiven." Step 408 navigates the data 

source using that query and retrieves the desired film, which is then electronically · 

transmitted in step 410 from network' server 108 to client display device 112 via 

communications network 106. 

10 Now consider again the example m which the user of a web surfmg ,,, 

application wants to know his or her local weather, and simply asks, "what's the 

weather?" At step 402 the voice data is received. · At step 404 the voice dat1l is 

interpreted. At step 405 an online web site providing current weather information for 

major cities around the world is selected. At step 406 and sub-step 520, the online 

15 site is scraped using a WebL-style tool to extract an input template for interacting 

with the site. At sub-step 522, query construction logic 330 attempts to construct a 

navigation query by instantiating the input template, but determines (quite rightly) 

that a required field -- name of city -- cannot be determined from the user's spoken 

request as interpreted. in step 404. Step 407 detects. this deficiency, and in step 412 

~::J 20 query refinement logic 340 preferably generates output for client display device 112 
f'1 
•.::::r. soliciting the necessary supplemental input. In a preferred embodiment, the output 

might display ~e name of the city where the user is located highlighted by default. 

The user can then simply press an "OK" button -- or perhaps mix modalities by saying 

"yes, exactly" -- to choose that selection. A preferred embodiment would further 

25 display an alphabetical scrollable menu listing other major cities, and/or invite the 

user to speak or select the name of the desired city. 

Here again, uti1izing the user's supplemental input, request processing logic 

300 iterates through steps 404 and 406. This time, in performing sub-step 520, a 

cached version of the input template already scraped in the previous iteration might 

30 preferably be retrieved. In sub-step 522, query construction logic 330 succeeds this 

. time in instantiating the input template and constructing an effective query, since the 
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desired city has now been clarified. Step 408 navigates the data source using that 

query and retrieves the desired weather information, which is then electronically 

transmitted in step 410 from network server 108 to client display device 112 via 

communications network 106. 

5 It is worth noting that in some instances, there may be details that are not 

explicitly provided by the user, but that query construction logic 330 or query 

refinement logic 340 · may preferably deduce on their own through reasonable 

assumptions, rather than requiring the use to provide explicit clarification. For 

example, in the example previously described regarding a request for a weather 

IO report, in some applications it might be preferable for the system to simply assume 

that the user means a weather report for his or her home area and to retrieve that 

information, if the cost of doing so is not significantly greater than the cost of asking 

the user to clarify the query. Making such an assumption might be even more 

strongly justified in a preferred embodiment, as described earlier, where user histories 

15 are tracked, and where such history indicates that a particular user or group of users 

typically expect local information when asking for a weather forecast. At any rate, in 

the event such an assumption is made, if the user actually intended to request the 

weather for a different city, the user would then need to ask his or her question again. 

It will be apparent to practitioners, in light of the above teachings, that the choice of 

20 whether to program query construction logic 330 and query refinement logic 340 to 

make make particular assumptions will typically involve trade-offs involving user 

conveience that can be assessed in the context of specific applications. 
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3. Open Agent Architecture (OAA®) 

Open Agent Architecture™ (OAA®) is a software platform, developed by the 

assignee of the present invention, that enables effective, dynamic collaboration among 

communities of distributed electronic agents. OAA is described in greater detail in 

5 co-pending U.S. Patei;it Application No. 09/225,198, which has been incorporated · 

herein by reference. Very briefly, the functionality of each client agent is made 

available to the agent community through registration of the client agent's capabilities 

with a facilitator. A software "wrapper" essentially surrounds the underlying 

application program performing the services offered by each client The common 

10 infrastructure for constructing agents is preferably supplied by an agent library. The 

agent library is preferably accessible in the runtime environment of several different 

C,\ programming languages. The agent library preferably minimizes the effort required 

to construct a new system and maximizes the ease with which legacy systems can be 

"wrapped" and made compatible with the agent-based architecture of the present 

15 invention. When invoked, a client agent makes a connection to a facilitator, which is 

known as its parent facilitator. Upon connection, an agent registers with its parent 

facilitator a specification of the capabilities and services it can provide, using a high

level, declarative Interagent Communication Language ("!CL'~ to express those 

capabilities. Tasks are presented to the facilitator in the form of ICL goal expressions. 

20 When a facilitator determines that the registered capabilities of one of its client agents 

will help satisfy a current goal or sub-goal thereof, the facilitator delegates that sub

goal to the client agent in the form of an ICL request. The client agent processes the 

request and returns answers or information to the facilitator. In processing a request, 

the client agent can use !CL to request services of other agents, or utilize other 

25 infrastructure services for collaborative work. The facilitator coordinates and 

integrates the results received from different client agents on various sub-goals, in 

order to satisfy the overall goal. 

OAA provides a useful software platform for building systems that integrate 

spoken natural language as well as other user input modalities. For example, see the 

30 above-referenced co-pending patent application, especially Figure 13 and the 

· corresponding discussion of a: "multi-modal maps" application, and Figure 12 and the 
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corresponding discussion of a "unified messaging" application. Another example is 

the Info Wiz interactive information kiosk developed by the assignee and described in 

the document entitled "Info Wiz: An Animated Voice Interactive Information System" 

available online at http://www.ai.sri.com/-oaa/applications.html. A copy of the 

5 Info Whiz document is provided in an Information Dis61osure Statement submitted 

herewith and incorporated herein by this reference. A further example is the. 

"CommandTalk" application developed by the assignee for the U.S. military, as 

described online at http://www.ai.sri.com/-lesaf/commandtalk.html and in the 

following public.ations, copies of which are provided in an Information Disclosure 

1 o Statement submitted herewith and incorporated herein by this reference: 

15 

20 

25 

• "CommandTalk: A Spoken-Language Interface for Battlefield Simulations", 
1997, by Robert Moore, John Dowding, Harry Bratt, J. Mark Gawron, Y onael 
Gorfu and Adam Cheyer, in "Proceedings of the Fifth Conference on Applied 
Natural Language Processing", Washington, DC, pp. 1-7, Association for 
Computational Linguistics 

• "The CommandTalk Spoken Dialogue System", 1999, by Amanda Stent, John 
Dowding, Jean Mark Gawron, Elizabeth Owen Bratt and Robert Moore, in 
"Proceedings of the Thirty-Seventh Annual Meeting of the ACL", pp. 183-
190, University of Maryland, College Park, MD, Association for 
Computational Linguistics 

• "Interpreting Language in Context in CommandTalk", 1999, by John Dowding 
and Elizabeth Owen Bratt and Sharon Goldwater, in "Communicative Agents: 
The Use of Natural Language in Embodied Systems", pp. 63-67, Association 
for Computing Machinery (ACM) Special Interest Group on Artificial 
Intelligence (SIGART), Seattle, WA 

For some applications and systems, OAA can provide an advantageous 

platform for constructing embodiments of the present invention. For example, a 

30 representative application is now briefly presented, with reference to Figure 6. If the 

statement "show me movies starring John Wayne" is spoken into the voice input 

device, the voice data for this request will be sent by UI agent 650 to facilitator 600, 

which in tum will ask natural language (NL) agent 620 and speech recognition agent 

610 to interpret the query and return the interpretation in !CL format. The resulting 

35 !CL goal expression is then routed by the facilitator to appropriate agents -- in this 

case, video-on-demand database agent 640 -- to execute the request. Video database 

agent 640 preferably includes or is coupled to an appropriate embodiment of query 

· construction logic 330 and query refinement logic 340, and may also issue !CL 
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the InfoWiz interactive information kiosk developed by the assignee and described in

the documententitled "InfoWiz: An Animated Voice Interactive Information System"

available online at http://www.ai.sri.com/~oaa/applications.html. A copy of the

5 InfoWhiz document is provided in an Information Disclosure Statement submitted

herewith and incorporated herein by this reference. A further example is the.

"CommandTalk" application developed by the assignee for the U.S. military, as
described online at http://www.ai.sri.com/~lesaf/commandtalk.html and in the

following publications, copies of which are provided in an Information Disclosure

10 Statement submitted herewith and incorporated herein by this reference:

e "CommandTalk: A Spoken-Language Interface for Battlefield Simulations",
1997, by Robert Moore, John Dowding, Harry Bratt, J. Mark Gawron, Yonael
Gorfu and Adam Cheyer, in "Proceedings of the Fifth Conference on Applied
Natural Language Processing", Washington, DC,pp. 1-7, Association for

15 Computational Linguistics

e "The CommandTalk Spoken Dialogue System", 1999, by Amanda Stent, John
Dowding, Jean Mark Gawron, Elizabeth Owen Bratt and Robert Moore,in
"Proceedings of the Thirty-Seventh Annual Meeting of the ACL", pp. 183-

Fi 20 190, University of Maryland, College Park, MD, Association for
. Computational Linguistics

 
e "Interpreting Language in Context in CommandTalk", 1999, by John Dowding

and Elizabeth Owen Bratt and Sharon Goldwater, in "Communicative Agents:
25 The Use of Natural Language in Embodied Systems", pp. 63-67, Association

for Computing Machinery (ACM)Special Interest Group on Artificial
Intelligence (SIGART), Seattle, WA

 
For some applications and systems, OAA can provide an advantageous

platform for constructing embodiments of the present invention. For example, a

30 representative application is now briefly presented, with reference to Figure 6. If the

statement "show me movies starring John Wayne" is spoken into the voice input

device, the voice data for this request will be sent by UI agent 650 to facilitator 600,

which in turn will ask natural language (NL) agent 620 and speech recognition agent

610 to interpret the query and return the interpretation in ICL format. Theresulting
35 ICL goal expression is then routed by the facilitator to appropriate agents -- in this

case, video-on-demand database agent 640 -- to execute the request. Video database

agent 640 preferably includes or is coupled to an appropriate embodiment of query

construction logic 330 and query refinement logic 340, and may also issue ICL
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requests to facilitator 600 for additional assistance -- e.g., display of menus and 

capture of additional user input in the event that query refinement is needed -- and 

facilitator 600 will delegate such requests to appropriate client agents in the 

community. When the desired video content is ultimately retrieved by video database 

5 agent 640, UI agent 650 is invoked by facilitator 600 to display the movie. 

Other spoken user requests, such as a request for the current weather in New 

York City or for a stock quote, would ~ventually lead facilitator to invoke web 

database agent 6~0 to access the desired information from an appropriate Internet site. 

Here again, web database agent 630 preferably includes or is coupled to an 

10 appropriate embodiment of query construction logic 330 and query refinement logic 

340, including a scraping utility such as WebL. Other spoken requests, such as a 

request to view recent emails or access voice mail, would lead the facilitator to invoke 

the appropriate email agent 660 and/or telephone agent 680. A request to record a 

televised program of interest might lead facilitator 600 to invoke web database agent 

15 630 to return televised program schedule information, and then invoke VCR 

controller agent 680 to program the associated VCR unit to record the desired 

television program at the scheduled time. 

Control and connectivity embracing additional electronic home appliances 

(e.g., microwave oven, home surveillance system, etc.) can be integrated in 

20 comparable fashion. Indeed, an advantage of OAA-based embodiments of the present 

invention, that will be apparent to practitioners in light of the above teachings and in 

light of the teachings disclosed in the cited co-pending patent applications, is the 

relative ease and flexibility with which additional service agents can be plugged into 

the existing platform, immediately enabling the facilitator to respond dynamically to 

25 spoken natural language requests for the corresponding services. 
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4. Further E~bodiments and Equivalents 

While ·the present invention has been described in terms of several preferred 

embodiments, there are many alterations, permutations, ~d equivalents that may fall 

within the scope of this invention. It should also be noted that there are many 

5 alternative ways of .implementing the methods and apparatuses of the present · 

invention. It is there~ore intended that the following appended cl~ims be interpreted 

as including all such alterations, permutations,· and equivalents as fall within the true 

spirit and scope of the present invention. 
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CLAIMS 

What is claimed is: 

A method for utilizing spoken natural lang1:a:'age for navigating an 

2 electronic ta source, the electronic data source being located at one or more network 

3 remotely from a user, comprising the steps of: 

4 (a) re iving a spoken natural language ("NL") request for desired 

5 

6 (b) renderin an interpretation of the spoken natural language request; 

7 (c) constructing t least part of a navigation query based upon the 

8 interpretation; 

9 

10 

( d) soliciting additio 1 input from the user, including user interaction in a 

modality different an the original request; 

1 1 

12 

13 

14 

15 

(e) refining the navigatio query, based upon the additional input; 

(t) using the refined navigati n query to select a portion of the electronic 

(g) 

data source; and 

of the electronic data source from the 

network server to a client device f the user. 

2. The method of claim 1, wherein th step of rendering an interpretation 

2 further includes deriving linguistic information by u "ng a speech recognition engine 

3 and an NL parser. 

3. The method of claim 1, wherein the step constructing a navigation 

2 query further includes the steps of extracting an input tern ate for an online scripted 

3 interface to the data source, and using the input template to nstruct the navigation 

4 query. 
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The method of claim 3, wherein the step of extracting an input 

2 ludes dynamically scraping the online scripted interface. 
. \ 

5. The method of claim 1, wherein the navigation query is constructed in 

2 the format of a atabase query language. 

6. ethod of claim l, wherein the step of rendering an interpretation 

2 and the step of cons cting a navigation query are performed, at least in part, on a 

3 computing device loca ed locally with the l).ser. 

7. The meth d of claim· I, wherein the step of rendering an interpretation 

2 and the step of constructin a navigation query are performed, at least in part, on a 

3 network computing device 1 cated remotely from the user. 

8. The method of aim 1, wherein the step of soliciting additional input 

2 is performed in response to one r more deficiencies encountered during the step of 

3 constructing a navigation query. 

9. The method of claim , wherein the deficiencies include unresolved 

2 words of the spoken NL request. 

10. The method of claim 8, erein the deficiencies include one or more 

2 required elements of the navigational que not determinable from the interpretation 

3 of the spoken NL request. 

11. The method of claim 1, wherei the step of soliciting additional input 

2 is performed in response to one or more deficie cies encountered after a first 

3 navigation of the data source using the navigatio query constructed in step ( c ). 

12. The method of claim 11, wherein th deficiencies include existence of 

2 more than one data record within the data source res onsive to the navigation query. 

13. The method of claim 11, wherein the d ficiencies include failure to 

2 identify a single data record within the data source resp nsive to the navigation query. 

14. The method of claim 1, wherein the input odality of step ( d) includes 

2 . selecting from a displayed option menu. 
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The method of claim 14, wherein the act of selecting from the 

2 displayed op n, menu is performed by speaking. 

16. e method of claim 1, wherein the method is performed with respect 

2 to a plurality of si ltaneous users and corresponding client, devices. 

17. od of claim 1, further including the step of selecting the data 

2 source from among a pl ality of candidate electronic data sources, in response to the 

3 interpretation of the spoke NL request. 

18. The method o claim l; wherein the electronic data source stores 

2 multimedia content including a least one of video content and audio content. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

19. A system for utili ·ng spoken natural language to navigate an 

electronic data source, the electron data source being located at one or more network 

servers located remotely from a use · system comprising: 

(a) erable to receive a spoken natural language 

(b) 

(c) 

(d) 

(e) 

(f) 

("NL") request for desir infonnation from the user; 

spoken language processin logic, operable to render an interpretation 

of the spoken natural langua e request; 

query construction logic, oper le to construct a navigation query in 

response to the interpretation o the spoken natural language request; 

user interaction logic, operable to olicit additional input from the user, 

including user interaction in a mo lity different than the original 

request; 

query refining logic, operable to refin the navigation query, based 

upon the additional input; 

navigation logic, operable to select a po on of the electronic data 

source using the navigation query; and 
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17 . electronic communications infrastructure for transmitting the selected 

18 portion of the electronic data source from the network server to a 

19 primarily stationary, display device located locally with the user. 

20. e system of claim 19, wherein the spoken language processing logic 

2 includes speech r cognition logic and an NL parsing logic for deriving linguistic 

3 information. 

21. The s tern of claim 19, wherein the spoken language processing logic 

2 extracts an input temp! te for an online scripted interface to the data source, and uses 

3 the input template to co truct the navigation query. 

22. The system f claim 21, wherein the spoken language processing log!c 

2 dynamically scrapes the onlr e scripted interface. 

23. The system of aim 19, wherein the query construction logic 

2 constructs the query in the form t of a database query language. 

24. The system of clai 19, wherein at least a portion of the spoken 

nJ 2 language processing logic is haste on a computing device located locally with the 

3 user, and wherein the portable micro hone is electronic!lllY coupled to the local 

4 computing device. 

25. The system of claim 19, herein at least a portion of the spoken 

2 language processing logic is hosted on a etwork computing device located remotely 

3 from the user, and wherein the portable mi rophone sends data to the remote network 

4 computing device via the communications i frastructure. 

26. The system of claim 19, where"n the user interaction logic solicits 

2 additional input in response to one or more de ciencies encountered during 

3 construction of the navigation query. 

27. The system of claim 26, wherein e deficiencies include unresolved 

2 words of the spoken NL request. 

- 28- . 
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The system of claim 26, wherein the deficiencies include one or more 

2 required e ments of the navigational query not determinable from the interpretation 

3 

29. e system of claim 19, wherein the user interaction logic solicits 

2 additional input i response to one or more deficiencies encountered after a first 

3 navigation of the d ta source performed by the navigation logic. 

1 30. The s tern of claim 29, wherein the deficiencies include existence of 

2 more than one data rec d within the data source responsive to the navigation query. 

31. The syste of claim 29, wherein the deficiencies include failure to 

2 identify a single data recor within the data source responsive to the navigation query. 

32. The system of laim 19, wherein the user interaction logic displays an 

2 option menu. 

1 33. 32, wherein the act of selecting from the 

2 displayed option menu is perform by speaking. 

34. The system of claim , wherein the navigation logic selects the data 

2 source from among a plurality of can ·date electronic data sources, in response to the 

3 interpretation of the spoken NL request. 

35. The system of claim 19, w erein the electronic data source stores 

2 multimedia content including at least one o video content and audio content. 

36. The system of claim 19, where the display device receives data from 

2 the electronicdata source on the network server via a communications box. 

3 7. The system of claim 19, wherein e electronic communication 

2 infrastructure is a two-way infrastructure and is se cted from among one or more of 

3 the following group: {coaxial cable, DSL, satellite, ireless/cellular, fiber-optic}. 

38. An computer program embodied on a omputer readable medium for 

2 utilizing spoken natural language for navigating an el ctronic data source, the 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

•.-~ 

nic data source being located at one or more network servers located remotely 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

39. 

a code segment that receives a spoken natural language ("NL") request 

for desired information from the user; 

a ode segment that renders an interpretation of the spoken natural 

a code egment that constructs at least part of a navigation query based 

nt that solicits additional input from the user, including 

in a modality different than the original request; 

at refines the navigation query, based upon the 

a code segment a ses the refined navigation query to select a 

portion of the electro ic data source; and 

a code segment that tran mits the selected portion of the electronic data 

source from the network rver to a primarily stationary, display 

device located locally with e user. 

The computer program of cla:·m 38, further comprising a code segment 

2 that derives linguistic information by using a peech recognition engine and an NL 

3 parser. 

40. The computer program of claim 8, further comprising a code segment 

2 that extract an input template for an online scrip interface to the data source, and a 

3 code segment that uses the input template to cons ct the navigation query. 

41. The computer program of claim 40, rther comprising a code segment 

2 that dynamically scrapes the online scripted interface 

42. The computer program of claim 38, wh rein the navigation query is 

2 constructed in the format of a database query language. 
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The computer program of claim 38, wherein rendering of the 

2 interpreta ·on and the construction of the navigation query are performed, at least in 

3 part, on a c mputing device located locally with the user. 

44. The computer program of claim 38, wherein the rendering of the 

2 interpretation nd the construction of a navigation query are performed, at least in 

3 part, on a netw rk computing device located remotely from the user. 

45. e computer program of claim 38, wherein code segment that solicits 

2 additional input so icits the additional input in response to one or more deficiencies 

3 encountered during he constructing of the navigation query. 

46. The co puter program of claim 45, wherein the deficiencies include 

2 unresolved words of th spoken NL request. 

47. ter program of claim 45, wherein the deficiencies include 

2 one or more required ele nts of the navigational query not determinable from the 

3 interpretation of the spoke NL request. 

48. The computer rogram of claim 38, wherein the code segment that 

2 solicits the additional input sol its the additional input in response to one or more 

3 deficiencies encountered after a rst navigation of the data source. 

49. The computer pro m of claim 48, wherein the deficiencies include 

2 existence of more than one data rec rd within the data source responsive to the 

3 navigation query. 

50. f claim 48, wherein the deficiencies include 

2 failure to identify a single data record WI in the data source responsive to the 

3 navigation query. 

51. The computer program of cl im 38, wherein code segment that solicits 

2 additional input displays an option menu. 

52. The computer program of clai 51, wherein the act of selecting from 

2 the displayed option menu is performed by spe 
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53. The computer program of claim 3 8, wherein the code segments of the 

2 computer progr operate with respect to a plurality of simultaneous users and 

3 corresponding clie devices. 

54. The comp er program of claim 38, furthe~ comprising a code segment 

2 that selects the data source m among a plurality of candidate electronic data 

3 sources, in response to the inte e · ·on of the spoken NL request. 

55. of claim 38, wherein the elei:'tronic data source 

2 stores multimedia content including at le t one of video content arid audio content. 
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NAVIGATING NK WORK-BASED ELECTRONIC INFORMATION USING SPOKEN 

NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

ABSTRACT OF THE INVENTION 

system, method, and article of manufacture are provided for navigating an 

electronic da source by means of spoken natural language. When a spoken natural 

language input re st is received from a user, it is interpreted. Additional input is 

solicited from the user · a modality different than the original request and used to 

10 refine the navigation query. e resulting interpretation of the request is thereupon 

used to automatically construct an erational navigation query to retrieve the desired 

information from one or more electronic 
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NAVIGATING NE’ */ORK-BASED ELECTRONIC INFORMATION USING SPOKEN

NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK

ABSTRACT OF THE INVENTION

 
 

 

 
 

 
 

, } A system, method, andarticle of manufacture are provided for navigating an
fr’ electronic datasource by means of spoken natural language. When a spoken natural

language inputre est is received from a user,it is interpreted. Additional inputis
solicited from the user ja modality different than the original request and used to

10 refine the navigation query.“Cheresulting interpretation of the request is thereupon

used to automatically construct an ‘operational navigation query to retrieve the desired

information from one or more electronic ‘network data sources.
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Di~ oJ~ ()D 
IN THE UN1,.J1:D STATES PATENT AND TRADEI\>uiRK OFFICE 

, CERTIFICATE OF EXPRESS MA]LING 
by certify that this paper and the documents and/or fees referred to as 

hed therein are being deposited with the United States Postal Service 
ne 30, 2000 in an env e !IS "Express Mail Post Office to 

Attorney Docket No.: SRI1P037C 

First Named Inventor: 
essee" service unde 7 · Fft I ailing Label Number 
58788226US, ad esse ' to · tant Commissioner for Patents, HAL VERSEN, Christine 
ington, DC 20 31. 

Kevin J. Zilka 

UTILITY PATENT APPLICATION TRANSMITTAL (37CFR.§1.53(b)) 
(Continuation, Divisional or Cqntinuation-in-part application) 

Assistant Commissioner for 'Patents 
Box Patent Application 
Washington, DC 20231 

D Duplicate for 
fee processing 

Sir: This is a request for filing a patent application under 37 CPR.§ l.53(b) in the name of inventors: 
Christine Halversen, Luc Julia, Dimitris Voutsas, Adam Cheyer 

For: SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE FOR AGENT-BASED 
NAVIGATION IN A SPEECH-BASED DATA NAVIGATION SYSTEM 

This application is a ~ Continuation D Divisional D Continuation-in-part 

D of prior Application No.: 09/524,095, from which priority under 3.5 U.S.C. §120 is claimed. 

Application Elements: 

~ 33 Pages of Specification, Claims and Abstract 

1:8:1 07 Sheets of Drawings 

D Declaration· 

D Newly executed (original or copy) 

D Copy from a prior application (37 CFR l.63(d) for a continuation or divisional). 
The entire disclosure of the prior application from which a copy of the declaration is 
herein supplied is considered as being part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

D Deletion of inventors Signed statement attached deleting inventor(s) 
named in the prior application, see 37 CFR l.63(d)(2) and l.33(b). 

Accompanying Application Parts: 

D Assignment and Assignment Recordation Cover Sheet (recording fee of $40.00 enclosed) 

D Power of Attorney 

D 37 CFR 3.73(b) Statement by Assignee 
(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 1 of 3 
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ghed therein are being deposited with the United States Postal Service : .

ane 30, 2000 ineaews “Express Mail Post Office to First NamedInventor:1
kessee” service undey37 ¢ ailing Label Number

Stant Commissionerfor Patents, HALVERSEN, Christine
 

 0858788226US, addfessedto
Washington, DC 20231.

Kevin J. Zilka  
UTILITY PATENT APPLICATION TRANSMITTAL (37 CFR.§ 1.53(b))

(Continuation, Divisional or Continuation-in-part application)

Assistant Commissioner for Patents [] Duplicate for
Box Patent Application fee processing
Washington, DC 20231

Sir: This is a request for filing a patent application under 37 CFR.§ 1.53(b) in the nameofinventors:
Christine Halversen, Luc Julia, Dimitris Voutsas, Adam Cheyer

For: SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE FOR AGENT-BASED
NAVIGATION IN A SPEECH-BASED DATA NAVIGATION SYSTEM 

; This application is a XX Continuation [| Divisional[|Continuation-in-part
ofprior Application No.: 09/524,095, from which priority under 35 U.S.C. §120 is claimed. 
Application Elements:

33 Pages of Specification, Claims and Abstract

07 Sheets of Drawings

Declaration:

[| Newly executed (original or copy)
Copy from a prior application (37 CFR 1.63(d) for a continuation or divisional),

The entire disclosure of the prior application from which a copy ofthe declaration is
herein supplied is considered as being part of the disclosure of the accompanying
application and is hereby incorporated by reference therein.

‘Deletion of inventors Signed statement attached deleting inventor(s)
named in the prior application, see 37 CFR 1.63(d)(2) and 1.33(b).

Accompanying Application Parts: 

[_] Assignment and Assignment Recordation Cover Sheet (recording fee of $40.00 enclosed)
Power ofAttorney

[_] 37 CER 3.73(b) Statement by Assignee
(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 1 of 3
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Information Dis4 re Statement with Form PT0-1449 l Copies of IDS Citations 

Preliminary Amendment 

Return Receipt Postcard 

Small Entity Statement(s) ~ Statement filed in prior application. Status still proper and 
desired. 

D Other: 

Claim For Foreign Priority 

D Priority of Application No. filed on 
-----==-- is claimed under 35 U.S.C. § 119. 

D The certified copy has been filed in prior application U.S. Application No. __ _ 

D The certified copy will follow. 

Extension of Time for Prior Pending Application 

D A Petition for Extension of Time is being concurrently filed in the prior pending 
application. A copy of the Petition for Extension of Time is attached. 

Amendments 

.D Amend the specification by inserting before the first line the sentence: "This is a 

D Continuation D Continuation-in-part D Divisional 
application of copending prior 

D Application No. filed on _____ __, 

D International Application filed on which 
designated the United States, 

the disclosure of which is incorporated herein by reference." 

~ Cancel in this application original claims 2-55 of the prior application 
before calculating the filing fee. (At least one original independent claim must be retained.) 

Fee Calculation (37 CFR § 1.16) 

BASIC FEE 
TOT AL CLAIMS 
INDEP CLAIMS 

(Col. 1) 
NO.FILED 

(Col. 2) 
NO.EXTRA 

21 -20:= _1_ 
03 -03 = _o_ 

[ ] Multiple Dependent Claim Presented 
* If the difference in Col. I is less 
than zero, enter "O" in Col. 2. 

SMALL ENTITY 
RATE FEE 
$345 $ 345 
x09 = $ 09 
x39= $ 
$130 = $ 354 
Total $ 

D Check No. 138 in the amount of$ 345.00 is enclosed. 

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 2 of3 

OR 

OR 
OR 
OR 
OR 
OR 

LARGE ENTITY 
RATE FEE 
$690 $ 
x18 = $ 
x78= $ 
$260 = $ 
Total $ 
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Information Disi re Statement with Form PTO-1449 ' Copies of IDS Citations
Preliminary Amendment

[|
bd

Return Receipt Postcard

[ Small Entity Statement(s) Xx] Statementfiled in prior application. Status still proper and
desired.

[_| Other:

Ciaim For Foreign Priority

[] Priority of Application No. filed on
is claimed under 35 U.S.C. § 119.

[|Thecertified copy has been filed in prior application U.S. Application No.
[| Thecertified copy will follow.

Extension of Time for Prior Pending Application 

[ A Petition for Extension of Timeis being concurrentlyfiled in the prior pending
a application. A copy of the Petition for Extension of Timeis attached.

ry Amendments

LE] Amendthe specification by inserting before the first line the sentence: “Thisis a
nu [_] Continuation [ Continuation-in-part[|Divisional
= application of copendingprior

Application No. filedon___°-

 

 

International Application filed on which
designated the United States,

the disclosure ofwhich is incorporated herein by reference.” 
hx] Cancelin this application original claims ____2-55___ of the prior application

before calculating thefiling fee. (At least one original independent claim mustbe retained.)

Fee Calculation (37 CFR § 1.16)

(Col. 1) (Col. 2) SMALL ENTITY OR LARGE ENTITY
NO. FILED NO.EXTRA RATE FEE RATE FEE

BASIC FEE $345 $ 345 OR $690 §$

TOTAL CLAIMS 21. -20=_1_ x09 = $ 09 OR x18= $
INDEP CLAIMS 03. -03=_0. x39= $ OR x78= $
[ ] Multiple Dependent Claim Presented $130 =$ 354 OR $260 =$
* If the difference in Col. 1 is less Total $ OR Total $

than zero, enter "0" in Col. 2.

[ Check No. 138 in the amountof $ 345.00is enclosed.

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 2 of 3
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~ The Commissioner is aut .ed to charge any fees beyond the amou lclosed which may be 
required, or to credit any overpayment, to Deposit Account No. 50-1351 (Order No. SRI1P037C). 

General Authorization for Petition for Extension of Time (3 7 CFR § 1.136) 

1:8:1 Applicants hereby make and generally authorize any Petitions for Extensions of Time as may be 
needed for any subsequent filings. The Commissioner is also authorized to charge any extension fees under 
37 CPR §1.17 as may be needed to Deposit Account No. 50-1351 (Order No. SRI1P037C). 

1:8:1 Please send correspondence to the following address: 

Direct Telephone Calls To: 

Date: June 30, 2000 

Kevin J. Zilka 
P.O. BOX 721030 
San Jose, California 95172-1030 

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 3 of3 
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The Commissioner is aut. ed to charge any fees beyond the amou _iclosed which may be
required, or to credit any overpayment, to Deposit Account No. 50-1351 (Order No. SRI1P037C).

General Authorization for Petition for Extension of Time (37 CFR §1.136)
Applicants hereby make and generally authorize any Petitions for Extensions of Time as may be

needed for any subsequentfilings. The Commissioneris also authorized to charge any extension fees under
37 CFR §1.17 as may be needed to Deposit Account No. 50-1351 (Order No. SRI1P037C).

Please send correspondenceto the following address:

Kevin J. Zilka

P.O. BOX 721030

San Jose, California 95172-1030

   

 

 

Direct Telephone Calls To: Kevin J. Zilka at telephone number (408) 505-5100

. yj ;
Date: June 30, 2000

Kevin J.

Registratjin Ng. 41,429

(Revised 12/97, Pat App Trans 53(b) ContDivCIP) Page 3 of 3
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PATENT APPLICATION.··.···sERIAL NO .. ·· 

07/10/2000 "GORDON 00000044 09607&7? 

01 FC:201 345.00 OP 
02 FC:203 9.00 OP 

PT0-1556 
. (5/87) 

·u.s. GPO: 1999-<159-082/19144 

---------

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective December 29, 1999 

CLAIMS AS FILED • PART I SMALL ENTITY OTHER THAN 
(Column 1) CC.olumn 2) TYPE CJ OR SMALL ENTITY 

NUMBER~I---FOR RATE FEE RATE FEE. 
1··~:. 1;:."_!,;V';·:;", 

BASIC FEE :.:x··'·''"" ··'·"'·"··· 345.00 OR 690.00 

TOTAL CLAIMS d- l minus 20= * { . . X$9= er OR X$18= 

INDEPENDENT CLAIMS .3, minus 3 = .. 
X39= OR X78.==. 

MULTIPLE DEPENDENT CLAIM PRESENT 
+130= OR +260:: 

* If the difference in column 1 is less than zero, enter "O" in column 2 TOTAL 3S<t OR T.OTAL 

CLAIMS AS AMENDED • PART II 
, 

OTHER THAN 
<Column 1) (Column 2) 'Column 3' SMALL ENTITY OR • SMALL ENTITY 

·.· '::.:: 
ClAIMS .. 

·HIGHEST ADDI- ADDI-<( REMAINING NUMBER PRESENT 
TIONAL RATE TIONAL I- AFTER PREVIOUSLY EXTRA RATE z 

AMENDMENT .·· PAID FOR FEE FEE UJ 
~ 

Total Minus X$18= 0 * ** = X$9= OR z 
UJ Independent * Minus ..... = ~ X39= X78== <( OR 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

+130= OR +260= 

TOTAL TOTAL 
ADDIT. FEE OR ADOIT. FEE 

<Column 1) (Column 2) 'Column 3). 
CLAIMS HIGHEST ADDI- ADDI· CD REMAINING NUMBER PRESENT 

I- AFTER PREVIOUSLY EXTRA RATE TIONAL RATE TIONAL z AMENDMENT .: ::' ... :;,,~: ... ' PAID FOR FEE FEE UJ 
~ 

Total Minus ~ * ** = X$9= OR X$18= 
UJ Independent * Minus *** = ~ X39= X78== <( OR FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

+130= OR +260= 

TOTAL TOTAL 
ADDIT. FEE OR ADDIT. FEE 

<Column 1) <Column 2\ 'Column 3\ 
CLAIMS HIGHESl 

0 REMAINING NUMBER PRESENT ADDI- ADDI-
I- AFTER PREVIOUSLY EXTRA RATE TIONAL RATE TIONAL z 
UJ AMENDMENT PAID FOR FEE FEE 
~ 

Total Minus 0 * ** = X$9= · X$18= z OR 
UJ Independent * Minus ..... = ~ X39= X78== <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM OR 

+130= OR +260= 
• If the entry in column 1 is less than the entry in column 2, write •o• in column 3. TOTAL TOTAL •• If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter ·.20." ADDIT. FEE OR ADOIT. FEE 
... If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

Patent and Trademark Ollie~ U.S. DEPARTMENT OF COMMERCE 

'U·~: GPO~ 200~,~:,:!:4:,, 
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{ Application or Docket Number

 

PATENT APPLICATION FEE DETERMINATION RECORD
Effective December29, 1999

CLAIMS AS FILED-PART! SMALL ENTITY. OTHER THAN
Column 1 Column 2 TYPE C_] OR SMALL ENTITY

FOR NUMBERFILED NUMBER EXTRA RATE | FEE RATE FEE.
BASICFEE o

TOTAL CLAIMS coe( minus 20=]> - { |

MULTIPLE DEPENDENT CLAIM PRESENT

a©22So

;~HaOR[ +260=

* If the difference in column 1 is Jess than zero, enter “0” in column 2 OR TOTAL
CLAIMS AS AMENDED- PARTII | _ OTHER THAN

CLAIMS -REMAINING NUMBER ADDIoe ADDI-
a AFTER PREVIOUSLY RATE [TIONAL RATE§TIONAL

| AMENDMENT |: FEE FEE

= |dor X$18=
orn| X78

Independent

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

AMENDMENTA ielF'wl§

TOTAL TOTAL: ADDIT. FEE|OR ADOIT. FEE
Column 1 Column 2) (Column 3)

CLAIMS “| MIGHEST

REMAINING |) ‘| NUMBER ADDI-
AFTER =. PREVIOUSLY RATE |TIONAL RATE

AMENDMENT. |. PAID FOR FEE

Independent fe|pe|
FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM

ADDI-
TIONAL

FEEAMENDMENTB
OR] +260=

TOTALTOTAL
ADDIT. FEE Oo D >0

%g
a

?1 .m
m7

Column 1 Column 2) (Column 3
CLAIMS .

REMAINING |. ~ NUMBER ADDI-
AFTER o* PREVIOUSLY . ~ RATE [TIONAL

AMENDMENT “|_PAID FOR FEE

=edfeel
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

ADDI-

RATE|TIONAL

_FEE

 
X$18=AMENDMENTC

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. .
** it the “Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20.” AOOIT. FEE
*“**If the “Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter “3.” .

 
The “Highest Number Previously Paid For” (Total or Independent)is the highest numberfound in the appropriate box in column 1.

>OoQgot nmm

 ~ FORM PTO-875 . Patent and Trademark Office, U.S. OBPARTMENT OF COMMERCE
‘U.S. GPO: 2000-463-433/29064
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FORMALITIES LETTER 

11111111111111111 m1 m1m111111 m1 m1m111111 ~11111~1111111111111111 11111 m 1111 

UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

*OC000000005341790* 
Address: COMMISSIONER OF PA TENT AND TRADEMARKS 

Washington, D.C. 20231 

APPLICATION NUMBER FILING/RECEIPT DA TE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

09/607,672 06/30/2000 Christine Halversen SRIIP037C 

Kevin J Zilka 
P 0 Box 721030 
San Jose, CA 95172-1030 

Date Mailed: 08/22/2000 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

An application number and filing date have been accorded to this application. The item(s) indicated below, however, 
are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all required items and 
pay any fees required below to avoid abandonment. Extensions of time may be obtained by filing a petition 
accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the 
above Application Number and Filing Date, is required. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of 
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified in 
this letter. 

• The balance due by applicant is $ 65. 

A copy of this notice MUST be returned with the reply. 

Customer Servicecter 
Initial Patent Examination Division (703) 308-1202 

PART 3 - OFFICE COPY 

8/21/00 2:52 PM 
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FORMALITIES LETTER
    UNITED STATES DEPARTMENT OF COMMERCE

i Patent and Trademark Office

DNAUE Anas COMMISSIONER OF PATENT AND TRADEMARKS
*0C000000005341790* Washington, D.C. 20231

 “APPLICATION NUMBER FILING/RECEIPT DATE ATTORNEY DOCKET NUMBER

09/607 ,672 06/30/2000 : Christine Halversen SRI1P037C

Kevin J Zilka
P O Box 721030

San Jose, CA 95172-1030

Date Mailed: 08/22/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

An application numberandfiling date have been accordedto this application. The item(s) indicated below, however,
are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichtofile all required items and
pay any fees required below to avoid abandonment. Extensionsof time may be obtainedbyfiling a petition
accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

* The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application NumberandFiling Date, is required. .

* To avoid abandonment, a latefiling fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing itemsidentified in
this letter.

* The balance due by applicantis $ 65.
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APPLICATION NUMBER FILING/RECEIPT DA TE 

09/607,672 0613012000 

Kevin J Zilka 
P O Box 721030 
San Jose, CA 95172-1030 
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·~ 

UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENT AND TRADEMARKS 
Washington, D.C. 20231 

. FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

Christine Halversen SRIIP037C 

Date Mailed: 08/22/2000 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

An application number and filing date have been accorded to this application. The item(s) indicated below, however, 
are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all required items and 
pay any fees required below to avoid abandonment. Extensions of time may be obtained by filing a petition 
accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1. 63, identifying the application by the 
above Application Number and Filing Date, is required. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of 
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified in 
this letter. 

• The balance due by applicant is $ 65. 
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    FORMALITIES LETTER Patent aad Pandenevorn; atent an rademar' ice

AAA Ades: COMMISSIONER OF PATENT AND TRADEMARKS
*0C000000005341 790* Washington, D.C. 20231 /

 - APPLICATION NUMBER 1 FILING/RECEIPT DATE . FIRST NAMED APPLICANT

09/607672 06/30/2000 . Christine Halversen SRI1P037C

Kevin J Zilka

P O Box 721030

San Jose, CA 95172-1030

Date Mailed: 08/22/2000 
NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

An application numberandfiling date have been accordedto this application. The item(s) indicated below, however,
are missing. Applicant is gven TWO MONTHSfrom the date of this Notice within which to file all required items and
pay any fees required below to avoid abandonment. Extensionsof time may be obtainedbyfiling a petition
accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

* The oath or declaration is missing. .
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Numberand Filing Date, is required.

* To avoid abandonment,a latefiling fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing itemsidentified in
this letter.

* The balance due by applicantis $ 65.

 

A copy of this notice MUSTbe returned with the reply.

Customer Service Center

Initial Patent Examination Division (703) 308-1202
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of. 

Halverson et al. 

Application No. 09/607,672 

Filed: June 30, 2000 

) 
) Examiner: Not Assigned 
) 
) Art Unit: 2758 
) 
) Atty. Docket No. SRI1P037C 
) 
) Date: October 30, 2000 

For: SYSTEM, METHOD AND ARTICLE OF- ) 
MANUFACTURE FOR AGENT-BASED ) 
NAVIGATION IN A SPEECH-BASED ) 

----""D=A=T=A-=..N.o....:..::...:A....,V_:IG=.o...::A=T=IO=N'-'--"'S-"'Y-=S-"-T=E=M,,__ ____ ) CERTIFICATE OF MAILING 

RESPONSE TO NOTICE TO FILE MISSING P 

Assistant Commissioner for Patents 
Box: Missing Parts 
Washington, D.C. 20231 

Sir: 

PATENT 

sistant 

In response to the Notice to File Missing Parts of Application--Filing Date Granted dated August 

22, 2000, Applicants hereby attach an original executed Declaration and Power of Attorney, and the copy 

of the Notice to be returned with this response. 

Applicants are also attaching Check No. 2.~ (,. for $120.00 in payment of the surcharge fee and 

one month extension of time fee. The Commissioner is authorized to charge any other fees that may be 

due to our Deposit Account No. 50-1351 (Order No. SRI1P037C). A copy of this sheet is enclosed for 

this purpose. 

lly submitted, 
LEY IP LAW GROUP 

11/03/2000 HHOOR1 00000068 09607672 

02 FC:215 55.00 OP 

P.O. Box 721030 
San Jose, CA 95172-1030 
(408) 505-5100 
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£ Trapew™ :
In re the application of.

Examiner: Not Assigned
Halversonet al. .

.- Art Unit: 2758

Application No. 09/607,672

Filed: June 30, 2000
: Date: October 30, 2000

For: SYSTEM, METHOD AND ARTICLE OF-
MANUFACTURE FOR AGENT-BASED
NAVIGATION IN A SPEECH-BASED_—

DATA NAVIGATION SYSTEM ) CERTIFICATE OF MAILING

)
)
)

|

) Atty. Docket No. SRIIP037C
)
)
)
)
)

 
  

I hereby certify that this correspondenceis being deposited w
Postal Service as First Class Mail in an envelope—adg
Commissionerfor Patents, Washington, D-E7 7023 1@

Assistant Commissioner for Patents

Box: Missing Parts
Washington, D.C. 20231

Sir:

In response to the Notice to File Missing Parts of Application--Filing Date Granted dated August

22, 2000, Applicants hereby attach an original executed Declaration and PowerofAttorney, and the copy

of the Notice to be returned with this response.

Applicants are also attaching Check No. 23 for $120.00 in paymentof the surcharge fee and

one month extension of time fee. The Commissioneris authorized to charge any other fees that may be

due to our Deposit Account No. 50-1351 (Order No. SRI1P037C). A copy ofthis sheet is enclosed for
this purpose.

Respectfully submitted,
SIHIC LEY IP LAW GROUP
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of ) 
) 

Christine HAL VERSEN et al. ) 
) 

Application No. 09/524,095 ) 
) 

Filed: March 13, 2000 ) 
) 

For: NAVIGATING NETWORK BASED ) 
ELECTRONIC INFORMATION USING SPOKEN ) 
NATURAL LANGUAGE INPUT WITH MULTIMODAL ) 
ERROR FEEDBACK ) 
~~~~~~~~~~~~) 

Docket: 
SRI1P037C 

Date: June 30, 2000 

Preliminary Amendment 

Assistant Commissioner for Patents 
and Trademarks 
Washington, DC 20231 

Dear Sir: 

In regard to the above-named patent application, please enter the following amendments. 

ease delete "NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION 

USING SPOKEN NAT LANGUAGE INPUT WITH MULTIMODAL ERROR 

EEDBACK" and . sert therefore - YSTEM, METHOD, AND ARTICLE OF 

f MANUFACTURE FOR AGENT-BASED NAVIGATION IN A SPEECH-BASED DATA 

_ NAVIGATION SYSTEM"""' 

IN THE ~RACT: 

----+.:--i---~-=-:1.;:.:ea::.se.:...=de:.:.le:.:t.:..e .=:th=e.:.A=b=st::.:ra=c..:..t an==d:..:in=s::.ert:..:..::th::e::.:re::.fo:.:r.:.e_J A system, method, and article of 

manufacture are provided for navigating an electronic data source by means of spoken language 

SRI1P037C - 1 -
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In re the application of
Docket:

Christine HALVERSENetal. SRI1TP037C

Application No. 09/524,095

Filed: March 13, 2000
Date: June 30, 2000

For: NAVIGATING NETWORK BASED
ELECTRONIC INFORMATION USING SPOKEN

NATURAL LANGUAGEINPUT WITH MULTIMODAL

ERROR FEEDBACK

NewNeeNee”NeeNeeNeeNeeNee”See”See”eeSeeSee”
Preliminary Amendment

Assistant Commissioner for Patents

and Trademarks

Washington, DC 20231

Dear Sir:

In regard to the above-named patent application, please enter the following amendments.

IN THE TITLE:

éase delete “NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION

USING SPOKEN NAT LANGUAGEINPUT WITH MULTIMODAL ERROR

, ifsert therefore, -{SYSTEM, METHOD, AND ARTICLE OF

' MANUFACTUREFOR AGENT-BASED NAVIGATIONIN A SPEECH-BASED DATA
NAVIGATION SYSTEM

IN THE ABs! RACT:
lease delete the Abstract and insert therefore

manufacture are provided for navigating an electronic data source by means of spoken language

Az SRI1P037C "+ 1- | |
ZT. ff

   
 
 

 

  

 
 

 

 

 A system, method, andarticle of

DISH, Exh. 1006, p. 69

Petitioner Microsoft Corporation - Ex. 1008, p. 1022



.,,.--·----·-

where a portion of the data link between a mobile information appliance of the user and the data 

source utilizes wireless communication. When a spoken input request is received from a user, it 

is interpreted. The resulting interpretation of the request is thereupon used to automatically 

construct an operational navigation query. The navigation querr is routed to one or more agents, 

which use the navigation query to retrieve the desired information from one or more electronic 

network data sources.~ 

On e 1, li~lease delete "This is" and insert therefore, - his application is a 

continuation of an application entitled NAVIGATING NETWORK-BASED ELECTRONIC 

INFORMATION USING SPOKEN NATURAL LANGUAGE INPUT WITH MULTIMODAL 

ERROR FEEDBACK which was filed on March 13, 2000 under serial number 09/524,095 and 

which is-.. 

Please delete 

the above needs by providing a system, method, and article of manufacture for using agents for 

navigation of network-based electronic data sources in response to spoken input requests. When 

a spoken input request is received from a user, it is interpreted, such as by using a speech 

recognition agent to extract speech data from acoustic voice ·signals, and using a language 

parsing agent to linguistically parse the speech data. The interpretation of the spoken request can 

be performed on a computing device locally with the user, such as the mobile information 

appliance, or remotely from the user. The resulting interpretation of the request is thereupon 

used to automatically construct an operational navigation query. The navigation query is routed 

to one or more agents that use the navigation query to retrieve the desired information from one 

or more electronic network data sources, which is then transmitted to a client device of the user. 

If the network data source is a database, the navigation query is constructed in the format of a 

database query language.r-r,....._-------------,....._-------------

ease delete claims 1-55, and insert therefore the following claims 1-21: 

(New) A method fo tilizing agents for speech-based navigation of an electronic 

data source,..comprising the steps of: 

SRI1P037C 

DISH, Exh. 1006, p. 70

Petitioner Microsoft Corporation - Ex. 1008, p. 1023

wherea portion of the data link between a mobile information appliance of the user and the data

source utilizes wireless communication. When a spoken input request is received from a user, it

fo is interpreted. The resulting interpretation of the request is thereupon used to automatically
construct an operational navigation query. The navigation query is routed to one or moreagents,

which use the navigation query to retrieve the desired information from oneor moreelectronic
network data sources.<

 

 

 

 
 

IN THE SPECIFICATION: ©

el, line’;please delete “This is” and insert therefore,-
continuation of an application entitled NAVIGATING NETWORK-BASED ELECTRONIC

INFORMATION USING SPOKEN NATURAL LANGUAGEINPUT WITH MULTIMODAL

ERROR FEEDBACKwhich wasfiled on March 13, 2000 underserial number 09/524,095 and

 his application is a

which is~» 

 
 
 

  Please delete s 3 to 15, andinsert therefore, -}The present invention addresses

the above needsby providing a system, method, and article of manufacture for using agents for
navigation of network-based electronic data sources in response to spoken input requests. When

a spoken input request is received fromauser,it is interpreted, such as by using a speech

recognition agent to extract speech data from acoustic voice signals, and using a language
parsing agentto linguistically parse the speech data. The interpretation of the spoken request can

ms be performed on a computing device locally with the user, such as the mobile information

; appliance, or remotely from the user. The resulting interpretation of the request is thereupon

AN used to automatically construct an operational navigation query. The navigation query is routed| to one or more agents that use the navigation query to retrieve the desired information from one
or more electronic network data sources, which is then transmitted to a client device ofthe user.

If the network data source is a database, the navigation query is constructed in the format of a

 

 database query language.=

IN THE CL : .

€ase delete claims 1-55, and insert therefore the following claims 1-21:

ote

  
weg
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(a) receiving a spoken request for desired information from a user; 

( c) constructing navigation query based upon the interpretation; 

utilizes the navigation que select a portion of the electronic data source; and 

(e) invoking a user interface agent for.o utting the selected portion of the electronic 

data sourne to the user. 

d_. ~ . 
7 )'~ (New) The method of claim/, wherein an agent renders the interpretation of the 

spoken request. 

(New) The method 

\i multiple agents. 

' (New) The method of claimY, wherein the step of rendering the interpretation of 

the spoken request is performed by a speech recognition agent and a parsing agent. 

~ (New) The method of cl~er com~sing the steps of soliciting additional 

input from the user, including user interaction in a modality different than the original request; 

and refining the navigation query, based upon the additional input; wherein the at least one agent 

uses the refined navigation query to select a portion of the electronic data source. 

~ (New) The method of cl¥.erein agents are utilized for perfonning the 

steps of soliciting additional input from the user and refining the navigation query. 

lo .. I~ . 'if. (New) The method of clainJX: wherein the electronic data source is a web page, 

wherein the at least one agent scrapes the web page for selecting a portion of the web page. 

utilizing agents for speech-based naviga · of an electronic data source, comprising the steps of: 

SRI1P037C 
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receiving a spoken request for desired information from a user;

  
 
  

 
 

ing an interpretation of the spoken request;

(c)—constructing‘a navigation query based uponthe interpretation;

(d) routing the navigationquery to at least one agent, wherein the at least one agent

utilizes the navigation que: select a portion ofthe electronic data source; and

(ce) invoking a user interface agent for.owtutting the selected portion of the electronic

data source to the user.

ie (New) The methodofclaimay, wherein an agent rendersthe interpretation ofthe
spoken request.

din} ; wherein a facilitator manages data flow among
 
  
 

sg (New) The method af
multiple agents.

SOae (New) The methodofclaim% wherein the step of rendering the interpretation of
the spoken request is performed by a speech recognition agent and a parsing agent.

“i, (New) The methodofclaimMe further comprising the steps of soliciting additional
input from the user, including user interaction in a modality different than the original request;

and refining the navigation query, based upon the additional input; wherein the at least one agent

uses the refined navigation query to select a portion of the electronic data source.

lee (New) The method of claimcswherein agents are utilized for performing the
steps of soliciting additional input from the user and refining the navigation query.

VE le(New) The method of claim, wherein the electronic data source is a web page,

 

 utilizing agents for speech-based navigatren_of an electronic data source, comprisingthe stepsof:

SRILP037C - -3-

“)é
Jon

DISH, Exh. 1006,p.71

Petitioner Microsoft Corporation - Ex. 1008, p. 1024



.:::::::. 
~) 

code segment that receives a spoken request for desired information from a user; 

( d) a code_ segmen~ that rou the navigation query to at least one agent, wherein the 

(e) 

at least one agent utilizes the · gation query to select a portion of the electronic 

data source; and 

a code segment that invokes a user interface a 

portion of the electronic data source to the user. 

1~ 
(New) The computer program of claim,$,' wherein the code segment that renders 

the interpretation of the spoken request is executed by an agent. 

~. {/~ ~· h;? 
)6. (New) The computer pr of claim Y, wherein a facilitator manages data flow 

mong multiple agents. 

. ~)?( . 1&ef" 
)'(. (New) The computer program of clai3, wherein a speech recognition agent and 

a parsing agent execute the code segment that renders the interpretation of the spoken request. 

\Q ~(New) The computer program of cl~er comprising a code segment that 

solicits additional input from the user, including user interaction in a modality different than the 

original request; and a code segment that refines the navigation query, based upon the additional 

input; wherein the at least one agent uses the refined navigation query to select a portion of the 

electronic data soi.lrce. 

\Og 
(New) The computer program of claim A wherein a solicitor agent executes the 

code segment that solicit the additional input from the user and a refining agent executes the 

code segment that refines the navigation query. 
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code segment that receives a spoken request for desired information from a user;(a)

 
 
 

 
 
 

(b) egment that renders an interpretation of the spoken request;

(c) Nhat constructs a navigation query based uponthe interpretation;

(d) a code segmentthat routes the navigation query to at least one agent, wherein the

at least one agent utilizes the rawigation query to select a portion of the electronic

data source; and

(e) a code segmentthat invokesa user interface agent for outputting the selected

fe portion of the electronic data source to the user.
of (New) The computer program of claim% wherein the code segment that renders

the interpretation of the spoken request is executed by an agent.

  of claim & wherein a facilitator manages data flow3

attree3} Vorarstitersce: among multiple agents.

M (New) The computer program ofwineerin a speech recognition agent and
a parsing agent execute the code segmentthat renders the interpretation of the spoken request.

FiatBATHOPRMemeneHR2

cS \° yt | q
= De (New) The computer program of claim8, further comprising a code segmentthat

solicits additional input from the user, including user interaction in a modality different than the

original request; and a code segmentthat refines the navigation query, based upon the additional

input; wherein theat least one agent uses the refined navigation query to select a portion ofthe

electronic data source.

s\ , \0

Vs. (New) The computer program of claimuw, wherein a solicitor agent executes the
code segmentthat solicit the additional input from the user and a refining agent executes the
code segmentthat refines the navigation query.
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)4. (New) The computer program of clai~ wherein the electronic data source is a 

web page, wherein the· at least one agent scrapes the web page for selecting a portion of the web 

page. 

-~2~ /D . . 
~ r· (Ne ) A system for utilizing agents for speech-based navigation of an electronic 

ata source, compris1 g the steps of: 

(a) 

(b) 

(c) 

(d) 

(e) 

· e, operable to receive, a spoken request for desired information from 

a user; 

spoken language pr essing logic, operable to render an interpretation of the 

spoken request; 

ble to construct a navigation query based upon the 

interpretation; 

routing logic, operable to route the na · ation query to at least one agent, wherein 

the at least one agent utilizes the navigati query to select a portion of the 

electronic data source; and 

invoking logic, operable to invoke a user interface ent for outputting the 

selected portion of the electronic data source to the us 

\'? 72. 
(New) The system of clainl ~wherein the query construction logic that renders 

the interpretation of the spoken request is executed by an agent. 

d- ~o y. (New) The system of clai , herein a facilitator manages data flow among 

ultiple agents. 

,~ ?> \'; ?<!' 
)%.' (New) The system of claim)£," wherein a speech recognition agent and a parsing 

agent execute the spoken language processing logic that renders the interpretation of the spoken 

request. 
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wat | as
4 (New) The computer program of claim18,wherein the electronic data source is a

web page, wherein theat least one agent scrapes the web page for selecting a portion of the web

70
PD: (Ne ) A system forutilizing agents for speech-based navigation of an electronic

 

 
 

 

  
  
 

(b)—spoken language proxessing logic, operable to render an interpretation of the

spoken request;

(c) query construction logic, opéexable to construct a navigation query based upon the

interpretation;

(d) routing logic, operable to route the naWgation query to at least one agent, wherein

the at least one agentutilizes the navigatidy query to select a portion of the —

electronic data source; and

(e) invoking logic, operable to invoke a user interface agent for outputting the

 
re selected portion of the electronic data source to the us

at. \?2
}6. (New)The system of claim14;wherein the query construction logic that renders

the interpretation of the spoken request is executed by an agent.

ultiple agents.

\o \2
SS (New) The system of claim VS, wherein a speech recognition agent and a parsing

(New) Thesystem of clai herein a facilitator manages data flow among

agent execute the spoken language processing logic that renders the interpretation of the spoken

request.
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t la * \ '3 ;;rtr JI (New The system of claim;{, further comprising user interaction logic operable 

to solicit additional input from the user, including user interaction in a modality different than the 

original request; and query refining logic operable to refine the navigation query, based upon the 

additional input; wherein the at least one agent uses the refined navigation query to select a 

portion of the electronic data source. b 
\~~ ' \.ff 

)ff: (New) The system of claim Y, wherein a solicitor agent executes the user 

interaction logic and a refining agent executes the query refinement logic. 

\fli-4. (New) The system of in cl~= ~ein the electronic data source is a web 

page, wherein the at least one agent scrapes the web page for selecting a portion of the web page. 

In the event a telephone conversation would expedite the prosecution of this application, 

the Examiner may reach the undersigned at ( 408) 505-5100. If any fees are due in connection 

with the filing of this paper, then the Commissioner is authorized to charge such fees to Deposit 

Account No. 50-1351 (Order No. SRI1P037C). A duplicate copy of the transmittal is enclosed 

for this purpose. 

P.O. Box 721030 
San Jose, CA 95172 
Telephone: (408) 505-5100 
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je 2 \2 Fov (NeewThe system of claim5; further comprising user interaction logic operable
to solicit additional input from the user, including user interaction in a modality different than the

original request; and query refining logic operable to refine the navigation query, based upon the

additional input; wherein the at least one agent uses the refined navigation query to select a

o\ portion ofthe electronic data source.

DE (New) The system of claim19wherein a solicitor agent executes the user
interaction logic and a refining agent executes the query refinementlogic.
YG \3yn. (New) The system of in claim 19, wherein the electronic data source is a web

page, wherein the at least one agent scrapes the web pagefor selecting a portion of the web page.

 
In the eventa telephone conversation would expedite the prosecution of this application,

the Examiner mayreach the undersigned at (408) 505-5100. If any fees are due in connection

with the filing of this paper, then the Commissioneris authorized to charge such fees to Deposit
id Account No. 50-1351 (Order No. SRI1P037C). A duplicate copy of the transmittal is enclosedSipseryeaeeatPeetera

for this purpose.Feelwthweeps Heesa3s

a8 WescltVeoedlHeelMeroereriidWeneepegsee BREBSles  
P.O. Box 721030

San Jose, CA 95172
Telephone: (408) 505-5100
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This Information Disclosure Statement is not to be construed as a representation that a 

search has been made, that additional information material to the examination of this application 

does not exist, or that these references indeed constitute prior art. 

This Information Disclosure Statement is believed to be filed before the mailing date of a 

first Office Action on the merits. Accordingly, it is believed that no fees are due in connection 

with the filing of this Information Disclosure Statement. However, ifit is determined that any 

fees are due, the Commissioner is hereby authorized to charge such fees to Deposit Account 03-

0683 (Order No. 44454/.03451/SRI1P037C). 

P.O. Box 721030 
San Jose, CA 95172-1030 
Telephone: (408) 271-2300 

Respectfully submitted, 

CARLTON FIELDS 

Dominic M. Kotab 
Reg. No. 42,762 
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Application No. Applicant(s) 

091607,672 HAL VER SEN ET AL. 

Office Action Summary Examiner Art Unit 

Tammy T. Lee 2155 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
If NO period for reply is specified above, the.maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing dale of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

Responsive to com~unication(s) filed on 30 June 2000. 

This action is FINAL. 2b)~ This action is non-final. 

1)~ 

2a)0 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 2·13. 

Disposition of Claims 

4)~ Cfaim(s) 56-76 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Cfaim(s) 56-76 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ . is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11 )0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) O The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a claim fcir domestic priority under 35 U.S. C. §§ 120 and/or 121. 

Attachment(s) 

1) ~ Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) [81 Information Disclosure Statement(s) (PT0-1449) Paper No(s) §. 

4) 0 Interview Summary (PT0-413) Paper No(s). _· _ . 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: 

U.S. Patent and Trademark Office 
PH).~?R IR Pl/ fl.d-fl 1 \ Offir.,. 4r.tinn J::rrmm::irv P::irt nf p,.n.,r l\ln Q 
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Application/Control Number: 09/607,672 

Art Unit: 2155 

Detailed Actfon 

1. Claims 56-76 are presented for examination. 

Claim Rejections - 35 USC § 103 

Page2 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 

set forth in section 102 of this title, if the differences between the subject matter sought to be 

patented and the prior art are such that the subject matter as a whole would have been obvious at 

the time the invention was made to a person having ordinary skill in the art to which said subject· 

matter pertains. Patentability shall not be negatived by the manner in which the invention was 

made. 

3. This application currently namesjoint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly 9wned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 
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invention was made in order for the examiner to consider the applicability of35 U.S.C. 103(c) 

and potential 35 U.S.C. 102((e), t) or (g) prior art under 35 U.S.C. 103(a). 

4. Claims 56-76 are ,rejected under 35 U.S.C. § 103 (a) as being unpatentable over 

Sugikawa, U.S. patent no. 5,949,772 in view of Gibson, U.S. patent no. 6,052,716. 

5. As per claim 56, Sugikawa teaches a method comprising steps of: (a) receiving a spoken 

request for desired information from a user (a service request data detection, col. 6, line 61); (b) 

rendering an interpretation of the spoken request (a judging means and human voices, col. 6, line 

65 and col. 32, line 43); (c) constructing a query based upon the interpretation (a selection data 

communicating means, col. 7, line 3); (d) routing the query to at least one agent, wherein the at 

least one agent utilizes the query to select a portion of the electronic data source (a selection data 

communicating means, col. 7, line 3); and (e) invoking a user interface agent for outputting the 

selected portion of the electronic data source to the user (a deciding means, col. 7, line 13) (col. 

6, line 56-col. 7, line 15). 

Sugikawa teaches the invention substantially as claimed; however, Sugikawa does not 

disclose that a navigation query is being used in the system. Gibson discloses that a hierarchy of 

network addresses accessed by the network navigator during a network navigating session is 

compiled (col. 3, lines 33-36). It would have been obvious to one of ordinary skill in the art at 

the time of the invention to employ the teachings of Gibson within the system of Sugikawa 

because it will allow the user to search desired information efficiently. 
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6. As per claim-57, Sugikawa teaches an agent renders the interpretation of the spoken 

request (the layout is calculated based on active acoustic emissions such as the sound of a buzzer 

or music from the speaker means of the system in lieu of human voices, col. 32, lines 40-58). 

7. As per claim 58, Sugikawa teaches a fac,ilitator manages data flow among multiple agents 

(the communication controller unit, 102, fig 21 and col. 26, lines 1-48). 

8. As per claim 59, Sugikawa teaches the step ofrendering the interpretation of the spoken 

request is performed by a speech recognition agent and a parsing agent (col. 27, lines 4-53 and 

col. 32, lines 40-55). 

9. As per claim 60, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose the invention comprising the steps of soliciting additional input from 

the user, including user interaction in a modality different than the original request; and refining 

the navigation query, based upon the additional input; wherein the at least one agent uses the 

refined navigation query to select a portion of the electronic data source. Gibson discloses 

soliciting additional input from the user, including user interaction in a modality different than 

the original request; and refining the navigation query (an internet web navigation session is 

performed, col. 8, line 12), based upon the additional input; the at least one agent uses the refined 

navigation query to select a portion of the electronic data source (col. 7, line 65-col. 8, line 54). It 

would have been obvious to one of ordinary skill in the art at the time of the invention to employ 

the teachings of Gibson within the system of Sugikawa for refining the navigation query based 
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upon additional input because it will allow the user to retrieve and present associated electronic 

data in an effective way. 

10. As per claim 61, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that agents are utiliz'ed for performing the steps of soliciting 

additional input from the user and refining the navigation query. Gibson discloses that agents are 

soliciting additional input from the user and refining the navigation query (col. 7, line,,65-col. 8, 

line 54). It would have been obvious to one of ordinary skill in the art at the time of the invention 

to employ the teachings of Gibson within the system of Sugikawa for refining the navigation 

query based upon additional input because it will allow the user to retrieve and present 

associated electronic data in an effective way. 

11. As per claim 62, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that the electronic data source is a web page, wherein the at least one 

agent scrapes the web page for selecting a portion of the web page. Gibson teaches that the 

electronic data source is a web page and the at least one agent scrapes the web page for selecting 

a portion of the web page (col. 8, line 55-col. 9, line 18). It would have been obvious to one of 

ordinary skill in the art at the time of the invention to employ the teachings of Gibson within the 

system of Sugikawa for scraping the web pages because it will allow the user to search desired 

information efficiently. 

12. . As per claim 63, Sugikawa teaches a computer program comprising the steps of: 
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(a) a code segment that receives a spoken request for desired information from a user (a service 

request data detection, col. 6, line 61); (b) a code segment that renders an interpretation of the 

spoken request (a judging means and human voices, col. 6, line 65 and col. 32, line 43); (c) a 

code segment that constructs a query based upon the interpretation (a selection data 

communicating means, col. 7, line 3); (d) a code'segment that routes the query to at least one 

agent, wherein the at least one agent utilizes the query to select a portion of the electronic data 

source (a selection data communicating means, col. 7, line 3); and (e) a code segmentthat 

invokes a user interface agent for outputting the selected portions of the electronic data source to 

the user (a deciding means, col. 7, line 13) (col. 6, line 56-col. 7, line 15). 

Sugikawa teaches the invention substantially as claimed; however, Sugikawa does not 

disclose that a navigation query is being used in the system. Gibson discloses that a hierarchy of 

network addresses accessed by the network navigator during a network navigating session is 

compiled (col. 3, lines 33-36). It would have been obvious to one of ordinary skill in the art at 

the time of the invention to employ the teachings of Gibson within the system of Sugikawa 

because it will allow the user to search desired information efficiently. 

13. As per claim 64, Sugikawa teaches the code segment that renders the interpretation of the 

spoken request is executed by an agent (the layout is calculated based on active acoustic 

emissions such as the sound of a buzzer or music from the speaker means of the system in lieu of 

human voices, col. 32, lines 40-58). 
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14. As per claim 65, Sugikawa teaches a facilitator manages data flow among multiple agents 

(the communication controller unit, 102, fig 21 and col. 26, lines 1-48). 

15. As per claim 66, Sugikawa teaches a speech recognition agent and a parsing agent 

execute the code segment that renders the interpretation of the spoken request (col. 27, lines 4-53 

and col. 32, lines 40-55). 

16. As per .claim 67, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose the invention comprising a code segment that solicits additional 

input from the user, including user interaction in a modality different than the original request; 

and a code segment that refines the navigation query, based upon the additional input; wherein 

the at least one agent uses the refined navigation query to select a portion of the electronic data 

source. Gibson discloses soliciting additional input from the user, including user interaction in a 

modality different than the original request; and refining the navigation query (an internet web 

navigation session is performed, col. 8, line 12), based upon the additional input; the at least one 

agent uses the refined navigation query to select a portion of the electronic data source (col. 7, 

line 65-col. 8, line 54). It would have been obvious to one of ordinary skill in the art at the time 

of the invention to employ the teachings of Gibson within the system of Sugikawa for refining 

the navigation query based upon additional input because it will allow the user to retrieve and 

present associated electronic data in an effective way. 
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17. As per claim 68, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that a solicitor agent executes the code segment that solicit the 

additional input from the user and a refining agent executes the code segment that refines the 

navigation query. Gibson discloses that agents are soliciting additional input from the user and 

refining the navigation query (col. 7, line 65-coh 8, line 54). It would have been obvious to one 

of ordinary skill in the art at the time of the invention to employ the teachings of Gibson within 

the system of Sugikawa for refining the navigation query based upon additional input because it 
' 

will allow the user to retrieve and present associated electronic data in an effective way. 

18. As per claim 69, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that the electronic data source is a web page, wherein the at least one 

agent scrapes the web page for selecting a portion of the web page. Gibson teaches that the 

electronic data source is a web page and the at least one agent scrapes the web page for selecting 

a portion of the web page (col. 8, line 55-col. 9, line 18). It would have been obvious to one of 

ordinary skill in the art at the time of the invention to employ the teachings of Gibson within the 

system of Sugikawa for scraping the web pages because it will allow the user to search desired 

information efficiently. 

19. As per claim 70, Sugikawa teaches a system comprising the steps of: (a) a client device, 

operable to receive a spoken request for desired information from a user (a service request data 

detection, col. 6, line 61 ); (b) spoken langilage processing logic, operable to render an 

interpretation of the spoken request,( a judging means and human voices, col. 6, line 65 and col. 
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32, line 43); (c) query construction logic, operable to construct a query based upon the 

Page 9 

interpretation (a selection data communicating m~ans, col. 7, Hne 3); (d) routing logic, operable . 

to route the query to at least one agent, wherein the at least one agent utilizes the query to select 

a portion of the electronic data source (a selection data communicating means, col. 7, line 3); and 

( e) invoking logic, operable to invoke a user interface agent for outputting the selected portions 

of the electronic data source to the user (a deciding means, col. 7, line 13) (col. 6, line 56-col. 7, 

line 15). 

Sugikawa teaches the invention substantially as claimed; however, Sugikawa does not 

disclose that a navigation query is being used in the system. Gibson discloses that a hierarchy of 

network addresses accessed by the network navigator during a network navigating session is 

compiled (col. 3, lines 33-36). It would have been obvious to one of ordinary skill in the art at 

the time of the invention to employ the teachings of Gibson within the system of Sugikawa 

because it will allow the user to search desired information efficiently. 

20. As per claim 71, Sugikawa teaches that query construction logic that renders the 

interpretation of the spoken request is executed by an agent (the layout is calculated based on 

active acoustic emissions such as the sound of a buzzer or music from the speaker means of the 

system in lieu of human voices, col. 32, lines 40-58). 

21. As per claim 72, Sugikawa teaches a facilitator manages data flow among multiple agents 

(the communication controller unit, 102, fig 21 and col. 26, lines 1-48). 
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22. As per claim 73, Sugikawa teaches a speech recognition agent and a parsing agent 

Page 10 

execute the spoken request is execute the spoken language processing logic that renders the 

interpretation of the spoken request (col. 27, lines 4-53 and col. 32, lines 40-55). 

23. As per claim 74, Sugikawa teaches the irivention substantiall}'. as claimed; however, 

Sugikawa does not disclose that comprising user interaction logic operable to solicit additional 

input from the user, including user interaction in a modality different than the original request; 

and query refining logic operable to refine the navigation query, based upon the additional input; 

wherein the at least one agent uses the refined navigation query to select a portion of the 

electronic data source. Gibson discloses soliciting additional input from the user, including user 

interaction in a modality different than the original request; and refining the navigation query (an 

internet web navigation session is performed, col. 8, line 12), based upon the additional input; 

the at least one agent uses the refined navigation query to select a portion of the electronic data 

source (col. 7, line 65-col. 8, line 54). It would have been obvious to one of ordinary skill in the 

art at the time of the invention to employ the teachings of Gibson within the system of Sugikawa 

for refining the navigation query based upon additional input because it will allow the user to 

retrieve and present associated electronic data in an effective way. 

24. As per claim 75, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that a solicitor agent executes the user interaction logic and a 

refining agent executes the query refining logic. Gibson discloses that a solicitor agent executes 

the user interaction logic and a refining agent executes the query refining logic (col. 7, line 65-
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col. 8, line 54). It would have been obvious to one of ordinary skill in the art at the time of the 

invention to employ the teachings of Gibson within the system of Sugikawa for refining the 

navigation query based upon additional input because it will allow the user to retrieve and 

present associated electronic data in an effective way. 

25. As per claim 76, Sugikawa teaches the invention substantially as claimed; however, 

Sugikawa does not disclose that the electronic data source is a web page, wherein the .. at least one 

agent scrapes the web page for selecting a portion of the web page. Gibson teaches that the 

electronic data source is a web page and the at least one agent scrapes the web page for selecting 

a portion of the web page (col. 8, line 55-col. 9, line 18). It would have been obvious to one of 

ordinary skill in the art at the time of the invention to employ the teachings of Gibson within the 

system of Sugikawa for scraping the web pages because it will allow the user to search desired 

information efficiently. 

Conclusion 

26. A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. Failure to respond within the period for response 

will result in Abandonment of the application (see 35 USC 133, MPEP 710.02, 710.02(b)). 

27. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Tammy T. Lee whose telephone number is 703-308-9119. The 
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examiner can normally be reached on Mon-Fri (9:30am-6:00pm). If attempts to reach the 

examiner by telephone is unsuccessful, the examiner's supervisor, Ayaz Sheikh can be reached 

on 703-305-9648. The fax phone numbers for the organization where this application or . 

proceeding is 703-305-7201. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directe,d to the receptionist whose telephone number is 703-305-3900. 

Tammy T. Lee 
Patent Examiner 
July 31, 2001 

DAVID LEY 
PRIMARY EXAMINER 

DISH, Exh. 1006, p. 94

Petitioner Microsoft Corporation - Ex. 1008, p. 1047



- ';~ 1';( "' I •« 

"1';•ij'ijf' Application/Control No ... ' .. _, ""-·· Applicant(s)/Patent Under 

Notice of Refe:renJ~~ Cited 

. ! I . Reexamination 
09/607,672 / ' HALVERSEN ET AL 

Examiner Art Unit 

TammyT. Lee 2155 
Page 1 of 1 

U.S. PATENT DOCUMENTS ,. . 
Document Number Date '" 

* Country Code-Number-Kind Code Name '• Classification MM-YYYY 
~-" .. .,,.___,_ 

A US-6052716 4·2a:xJ ( 05-1997"' Gibson 709 217 

B US-6026437 2·2CCO ~) Muschett et al 709 219 

c US-5902353 $-\(..\Q,C) 
~ .. 
,._o?-.1997, Reber et al 709 219 

D US-5978848 \ \ -\ C'\C\°l CQ?-1999) Maddalozzo, Jr. et al 709 227 

E US-5717860 2-10iC\O ~-1~)· Graber et al , 395 200.12 

F US-5949772 C\- \qqq ~ Sugikawa et al 370 331 

G US-

H US-

I US-

J US-

K US-

l US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name Classification Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

v 

w 

x 

•A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or fo!eign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 9 

-
t 

I 
! 

DISH, Exh. 1006, p. 95

Petitioner Microsoft Corporation - Ex. 1008, p. 1048



SRl/4116-7 

0 v.: \PE~ % IN THE UNITED STATES 
. l>' 

nCl n Q 1nm .J+ATENT AND TRADEMARK OFFICE 
(.)' 

-0 i::i::' 
~4,. ~"':-~ PATENT APPLICATION 

~ 7'RAOt.~~ 

Applicant(s): HALVERSON, et al. Atty. Docket No. SRI 1P037C 

Serial No.: 09/607,672 Group Art Unit: 2155 

Filed: 

Title: 

June 30,.2000 Examiner: T; Lee 

SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE 
FOR AGENT-BASED NAVIGATION IN A SPEECH-BASED 
DATA NAVIGATION SYSTEM 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

REVOCATION OF PREVIOUS POWER 
OF ATTORNEY AND NEW APPOINTMENT 

The undersigned assignee of the above-identified application hereby revokes all previous 

Powers of Attorney and appoints the following attorneys with full power to prosecute the 

application, to make alterations and amendments therein, and to transact all business in the 

United States Patent and Trademark Office connected therewith and with full power of 

substitution and revocation: 

Raymond R. Moser, Jr.; Reg. No. 34,682; Kin-Wah Tong, Reg. No. 39,400; 
Robert Brush, Reg. No. 45,710; Steven Weiner, Reg. No. 38,360; and Edward E. 
Davis, Reg. No. 35,112. 

CHANGE OF CORRESPONDENCE ADDRESS 

Please change the correspondence address for the above-identified application to: 

Thomason, Moser & Patterson, LLP 
595 Shrewsbury A venue - Suite 100 
Shrewsbury, New Jersey 07702 

Please direct all telephone calls to: Kin-Wah Tong, telephone# (732) 530'-9404 
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• 
·CERTIFICATE UNDER37 C.F.R. § 3.73{B) 

SRI International, a corporation of the State of California, certifies that it is the assignee 

of the entire right, title and interest inthe patent application identified above by virtue of: 

An Assignment from the inventor(s) of the parent patent application that is claimed as 

priority in the above-identified patent application. The Assignment was recorded in the United 

States Patent and Trademark Office, for which a c~py thereof is attached. 

, The undersigned (whose title is supplied below) is empowered to act on behalf of the 

assignee. 

Date: 'f /r r /o ( 
~, 

SRI International 
333 Ravenswood Avenue 
Menlo Park, CA 94025 · 
Telephone No.: 650-859-3115 

Respectfully submitted, 
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ASSIGN1uENT OF PATENT APPLICA 1 JN 
(Not Accompanying Application) 

Whereas I/we the undersigned inventor(s) have invented certain new and useful 
improvements as set forth in the patent application entitled: 

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

for which I/we have executed an application for a United States Letters Patent which was filed in 
the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No. 
09/524,095. 

For good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, I/we the undersigned inventor(s) hereby: ··. 

1) Sell(s), assign(s) and transfer(s) to SRI International,, a California non-profit corporation 
having a place of business at 333 Ravenswood Avenue, Meiilo Park, California 94025, (hereinafter 
referred to as "ASSIGNEE"), the entire right title and interest in any and all improvements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign pat~nts) granted 
upon the information which is disclosed in the above referenced application. · 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. . 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense, 
perform any ac~ which are reasonably necessary in connection with the prosecution of said 
application, as well as any derivative and applications thereof, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. 

4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the 
inventor(s), as well as the inventor's heirs, legal representatives and assigns. 

5) Warrant and represent that I/we have not entered, and will not enter into any assignment, 
contract, or understanding that conflicts with this assignment. / 

Signed on the date(s) indicated beside my (our) signature(s). 

1) Signature: /f~;,,h_;~ 
TypedName: ~® 

Date: ~ -/(rr /J 0 · 

2) Signature: Date: 
Typed Name: Luc Julia 

3) Signature: Date: 6 /JG /oo 
Typed Name: 

4) Signature: 
Typed Name: 

~ . Ch __ 
Admt Chcyd ""'-7- - Date: 6 /zz/ro 

A.th:w nnrlrPtl\Tn SRT1P017 
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ASSIG1'_ 4ENT OF PATENT APPLICA~ )N 
(Not Accompanying Application) 

Whereas I/we the undersigned inventor(s) have invented certain new and useful 
improvements as set forth in the patent application entitled: 

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT WITH MULTIMODAL ERROR FEEDBACK 

for which I/we have executed an application for a United States Letters Patent which was filed in 
. the U.S. Patent and Trademark Office on March 13, 2000, and which bears the Application No. 

091524,095. 

For good and valull.ble consideration, the receipt and sufficiency of which is hereby 
acknowledged, I/we the undersigned inventor(s) hereby: ... 

1) Sell(s), assign(s) and transfer(s) to SRI International, a California non-profit corporation 
having a place of business at 333 Ravenswood Avenue Menlo Par California 94025, (hereinafter 
referred to as "ASSIGNEE" , t e entire ng t ti e an interest m any an unprovements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted 
upon the infonna_tion which is disclosed in the above referenced application. 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense, 
perform any acts which are reasonably necessary . in connection with the prosecution of said 
application, as well as any derivative and applications thereof, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. 

4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the 
inventor(s), as well as the inventor's heirs, legal representatives and assigns. 

5) Warrant and represent that Uwe have not entered, and will not enter into any assignment, 
contract, or understanding that conflicts with this assignment. 

Signed on the date(s) indicated beside my (our) signature(s). 

1) Signature: /fd,A£:~ 
Typed Name: ~-Ofl 

Date: IP -//p- ~ 0 · 

. 2) Signature: 
Typed Name: Luclu~ Date: b ' 2-o . oo 

3) Signature: 
Typed Name: 

~£1 D~as 
Date: 6 (16 /oo 

4) Signattire: Date: 
Typed Name: Adam Cheyer 

Attny Docket No. SR11P037 
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ASSIGN1"..tENT OF PATENT APPLICA'~ _JN 
(Not Accompanying Application) 

Whereas Uwe . the undersigned inventor( s) have invented certain new and useful 
improvements as set forth in the patent application entitled: 

NAVIGATING NETWORK-BASED ELECTRONIC INFORMATION USING SPOKEN 
NATURAL LANGUAGE INPUT WITH MULTIM:ODAL ERROR FEEDBACK 

for which Tlwe have executed an application for a United States Letters Patent which was filed in 
the U.S. Patent and Trademar~ Office on March 13, 2000,_ and which bears the Application No. 
09/524,095. 

For good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, I/we the ~dersigned inventor(s) hereby: 

1) Sell(s), assign(s) and transfer(s) to SRI International, a California non~profit corporation 
having a place of business at 333 Ravenswood Avenue, MCD!o Par California 94025, (hereinafter 
referred to as "ASSIGNEE" , e entire n t ti e an mterest m any an improvements and 
inventions disclosed in, application(s) based upon, and Patent(s) (including foreign patents) granted 
upon the information which is disclosed in the above referenced application. 

2) Authorize and request the Commissioner of Patents to issue any and all Letters Patents 
resulting from said application or any division(s), continuation(s), substitutes(s) or reissue(s) 
thereof to the ASSIGNEE. 

3) Agree to execute all papers and documents and, entirely at the ASSIGNEE's expense, 
perform any acts which are reasonably necessary in connection with the prosecution of said 
application, as well as any derivative and applications thereof, foreign applications based thereon, 
and/or the enforcement of patents resulting from such applications. · 

4) Agree that the terms, covenants and conditions of this assignment shall inure to the benefit 
of the Assignee, its successors, assigns and other legal representative, and shall be binding upon the 
inventor(s), as well as the inventor's heirs, legal representatives and assigns. 

5) Warrant and represent that I/we have not enter~d, and will not enter into ,any assignment, 
contract, or understanding that conflicts with this assignment. , 

Signed on the date(s) indicated beside my (our) signature(s). 

1) Signature: ,4,et;,,A,;~ Date: frMrPO· 
TypedName: ~ 

2) Signature: Date: 
Typed Name: Luc Julia 

3) Signature: Date: 6 ft,; foo 
Typed Name: Di?IH outs as 

4) Signature: Date: 
Typed Name: AdamCheyer 

A.~---- ~-.-'--~'l..T_ C'tD.T11'.'\l\...,"'7 
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APPLICATION NUMBER 

09/607,672 

C. DOUGLAS McDONALD, ESQ. 
CARL TON FIELDS, et al. 
P.O. BOX 3239 
TAMPA,, FL 33601-3239 

FILING DATE 

06/30/2000 

COMMISSIONER FOR PATENTS 
UNITED STATES PATENT AND TRADEMARK OFFICE 

WASHINGlON, D.C. 20231 

www.uspto.gov 
FIRST NAMED APPLICANT ATTY. DOCKETNO.fTI1LE 

Christine Halversen SRIIP037C 

CONFIRMATION NO. 1291 
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Date Mailed: 10/15/2001 

NOTICE REGARDING POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/09/2001. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3. 71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

LAVINIA D JOHNSO~ 
2100 7033085229 

OFFICE COPY 
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UNITED STATES PATENT AND ThADEMARK OFFICE 
COMMISSIONER FOR ~ATENTS 

APPLICATION NUMBER FILING DATE 

09/607,672 0613012000 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY AVENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGlON, D.C. 20231 

www.uspto.gov 
FIRST NAMED APPLICANT ATIY. DOCKET NO.rrITLE 

Christine Halversen SRI1P037C 

CONFIRMATION NO. 1291 

111111m 1m11~ 111~ 1111 111111~ 1111111111~ 111111111111111111111111111111111111111 ~11 
*OC000000006901587* 

Date Mailed: 10/15/2001 

NOTICE REGARDING POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/09/2001. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. · 

2100 7033085229 
OFFICE COPY 
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MOSER PATTERSON SHER:t1'!N 

IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION 

Applicant: Halversen et al. 
Case: SRl1 P037C 

Serial No.: 09/607,672 Flied: June 30, 2000 

Group Art Unit: 2155 

Examiner: Tammy Lee 

Title: System, Method, And Article Of Manufacture For Agent-Based Navigation In 
A Speech-Based Data Navigation System 

ASSISTANT COMMISSIONER FOR PATENTS 
Box Nori-Fee Amendment 
Washington, D. C. 20231 

SIR: 

RESPONSE UNDER 37 C.F .R. § 1.111 

This response addresses the Office Action dated August 27, 2001 (Paper No. 9). 

REMARKS 

In view of the following discussion, the Applicants submit that none of the claims 

now pending in the application are made obvious under the provisions of 35 U.S.C. § 

103. Thus, the Applicants believe that all of these claims are now in allowable form. 

I. REJECTION OF CLAIMS 56-76 UNDER 35 U.S.C. § 103 

The Examiner has rejected claims 56-76 in Paragraphs 4-25 of the Office Action 

as being unpatentable over Sugikawa, (US Patent 5,949,772 issued September 7, 

1999) in view of Gibson (US Patent6,052,716, issued Aprll 18, 2000). The rejection is 

respectfully traversed. 

1 
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09/607,672 

Sugikawa teaches a network of communication devices where services provided 

by the communication devices are available without prior registration of device 

Information. Namely, It discloses "a communication device such that the seivice to be 

provided by any device on a network need not be registered in the respective devices or 

a seivice providing device ... ". (See Suglkawa, Column 5, lines 19-48) Thus, Suglkawa 

simply discloses a particular type of commuhication protocol between various hardware 

devices. However, the reference is completely devoid of any disclosure pertaining to 
the use of speech recognition in conjunction with the generation of navigation query to 

provide data to a user. 

Gibson teaches a browser method that allows a user to rapidly return to an index 

page. Specifically, a Web based search engine typically provides an index page after a 

search request. As the user peruses through a link on the index page, the user may 

desire to return to the original index page to explore another link. Typically, a user will 

need to back up in a hierarchical manner to reach the original index page. Gibson 

provides a method to quickly return to the index page without having to traverse back 

up the entire hierarchical tree of links. (See Gibson, Column 3, lines 22-51) 

In contrast, Sugikawa and Gibson (either singly. or in any permissible 

combination) fail to teach or suggest the novel concept of speech-based navigation 

where a nayiqation query is constructed based upon the interoretation of a spoken 

request from a user. Specifically, Applicants' independent claims 56, 63 and 70 

positively recite: 

56. A method for utilizing agents for speech-based navigation of an electronic 
data source, comprising the steps of: 

(a) receiving a spoken request for desired information from a user; 
(b) rendering an interpretation of the spoken request; 
(c) constructing a navigation query based upon the interpretation; 
(d) routing the navigation query to at least one agent, wherein the at 

least one agent utilizes the navigation query to select a portion of 
the electronic data source; and 

(e) invoking a user interface agent for outputting the selected portion of 
the electronic data source to the user. 

(emphasis added) 

2 
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09/607,672 

63. A computer program embodied on a computer readable·medium for 
utilizing agents for speech-based navigation of an electronic data source, 
comprising the steps of: 

(a) a code segment that receives a spoken request for desired 
information from a user; 

(b) a code segment that renders an interpretation of the spoken request; 
(c) LCode segment that constructs a navigation query based upon the 

interpretation; 
(d} a code segment that routes the navigation query to at least one agent, 

wherein the at least one agent utilizes the navigation query to select a portion of 
the electronic data source; and 

(e) a code segment that invokes a user Interface agent for outputting the 
selected portion of the electronic data source to the user. (emphasis add,ed) 

70. A system for utilizing agents for speech-based navigation of an electronic 
data source, comprising the steps of: 

(a) a client device, operable to receive a spoken request for desired 
information from a user; 

(b) spoken language processing logic, operable to render an interpretatjon 
of the sooken request; 

(c) queN construction loglc. operable to construct a navigation query 
based upon the interpretation; 

(d) routing logic, operable to routethe navigation query to at least one 
agent, wherein the at least one agent utilizes the navigation query to select a 
portion of the electronlc data source; and · . 

(e) invoking logic, operable to Invoke a user interface agent for outputting 
the selected portion of the electronic data source to the user. (emphasis added) 

Applicants' invention teaches a novel method and apparatus for speech-based 

navigation where the method Interprets the spoken request and then constructs a 

navigation gueiy based upon the interpretation. Specffically, Applicants address the 

criticality of using spoken language to access a data source that may require a 

structured query in order to allow access to the desired information. For example, 

some databases may require the user to provide certain Information in a particular 

structured format before access is allowed. To avoid this laborious and unwieldy 

requirement, Applicants' invention Interprets the spoken request and automatically 

generates the necessary navigation query to access the desired information. This 

novel approach significantly minimizes the amount of manual navigation and data entry 

In accessing the desired information. (See Applicants' specification, page 14, line 5 to 

page 16, line 27) 

3 
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In contrast, the alleged combination of Sugikawa and Gibson simply would !l21 
make Applicants' invention obvious. First, the Examiner alleged that Sugikawa teaches 

"(b) rendering an interpretation of the spoken request (a judging means and human 

voices, col.6, line 65 and col. 32, line 43)". Applicants respectfully disagree. 

The section cited by the Examiner simply states that "a judging means which 

does, upon detection of said first service request data by said service request data 

detection means, judge whether that the conditions are met for providing the first 

service represented by said first seivice request data". This statement by Sugikawa 

cannot be interpreted to mean "rendering an interpretation of the spoken reque~t" as , 
recited by the Applicants. Specifically, Sugikawa states that: 

"The communication control unit 41 O compares the data in the data 
section of the packet with said predetermined service request data. 

Where an agreement is found, the service request is notified to the 
controller unit 402 (cf. step 32 w2 In FIG. 2). The controller unit 402 examines 
the address. 

When all the devices are destinations, the controller unit 402 judges 
whether the device of its own can provide the service (cf_ Step w3 in FIG. 2)". 
(See Sugikawa, Column 12, llnes 21-29) 

Thus, the section in Sugikawa cited by the Examiner is completely devoid of any 

teaching or suggestion of "'rendering an interpretation of the spoken request" as claimed 

by the Applicants. Sugikawa is simply perfonning data comparison in the data section 

of a data packet. 

Additionally, in rejecting Applicants' dependent claim 59 which recites the 

limitation of "wherein the step of rendering an interpretation of the spoken request is 

performed by a speech recognition agent and a parsing agent", the Examiner cited 

"(Column 27, lines 4-53 and col. 32 and lines 40~55)"- However, Suglkawa states: 

"The comparator 16 compares the input signal from the communicable terminal 
identifier 14 with the communication terminal Identification data stored in the 
communicable terminal memory 15 and, according to the result of comparison, 
outputs a control signal to the communicable terminal memory 15. When an 
agreement Is found by the comparison, it is not necessary to rewrite the contents 
of the communicable terminal memory 15, so that there is no control signal 
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output from the comparator 16 to the communicable terminal memory 15. On the 
other hand, when the comparison shows a disagreement, the comparator 16 
outputs a control signal to update the contents of t~a communicable terminal 
memory 15." (See Sugikawa, Column 27, lines 3043) 

Once again, data is being compared and there is no disclosure of rendering an 

interpretatJon of the spoken request. In fact, speech data as disclosed in Sugikawa Is 

simply the actual data. ln other words, since Sugikawa discloses a communication 

network, some of the transported data is actual speech data, but there Is absolutely no 

disclosure within Sugikawa as to the interpretation of the speech data in the context of 

speech recognition. ,, 

Second, the Examiner conceded in paragraph 5 of the Office ActJon that 

Sugikawa fails to disclose the novel concept of generating a "navigation query''. 

However, the Examiner alleged that this deficiency In Sugikawa is bridged by the 

teaching of Gibson. Applicants respectfully disagree. 

As noted above, Gibson only discloses a browser method that allows a user to 

return quickly back to an index page. Gibson achieves this function by compiling a list 

of network addresses accessed by the network navigator during a session. Finally, the 

network navigator jumps to the network address corre~ponding to the search engine 

network address. (See Gibson, Column 3, lines 28-51 ). Recording network addresses 

is clear1y not equivalent to the construction of a navigation query. In other words, 

recording the Web addresses traversed by use of manual navigation is not equivalent 

to the construction of a navigation query from an Interpretation of a spoken request that 

minimizes the need to perform manual navigation. 

Therefore, the Applicants respectfully submit that independent claims 56, 63 and 

70 are not made obvious by the alleged combination of Sugikawa and Gibson. As 

such, claims 56, 63 and 70 fully satisfy the requirements of 35 U.S.C. §103 and are 

patentable thereunder. 

Claims 57-62, 64-69 and 71-76 depend, either directly or indirectly, from claims 

56, 63 and 70 and recite additional features therefor. Since Sugikawa and Gibson fail 

to make obvious Applicants' invention as recited in Applicants' independent claims 56, 
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63 and 70, dependent claims 57-62, 64-69 and 71-76 are also not made obvious under 

35 U.S.C. § 103 and are allowable for the same reason noted above. 

Conclusion 

Thus, the Applicants submit that all of these claims now fully satisfy the 

requirements of 35 U.S;C. §103. Consequently; the Applicants believe that all these 

claims are presently .in condition for allowance. Accordingly, both reconsideration of 

this application and its swift passage to issue are earnestly solicited. 

If, however, the Examiner believes that there are any unresolved issues requiring 

the issuance of a final action In any of the claims now pending in the application, It is 

requested that the Examiner telephone Mr. Kin-Wah Tong. Esq. at (732) 530-9404 so 

that appropriate arrangements can be made for resolving such Issues as expeditiously 

as possible. 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
First Floor, 
Shrewsbury, New Jersey 07702 

·I 
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HALVERSEN ET AL. 

Office Action Summary Examiner 

Thu Ha T. Nguyen 

Art Unit 

2155 
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Responsive to communication(s) filed on 30 June 2000 . 

This action is FINAL 2b)IXJ This action is non-final. 

1)1X! 

2a)0 
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closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1X! Claim(s) 56-76 is/are pending in the application. 

4a) Of the above claim(s) __ . is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1X! Claim(s) 56-76 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11)0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) 0 The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
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1) rgJ Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 

4) 0 Interview Summary (PT0-413) Paper No(s). __ . 
5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: 

U.S. Patent and Trademark Office 
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Application/Control Number: 09/607,672 

Art Unit: 2155 

DETAILED ACTION 

1. Claims 56-76 are presented for examinatiori. 

Claim Rejections - 35 USC § 102 

Page2 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 

§ 102 that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless --
( e) the invention was described in a patent granted on an application for patent by 
another filed in the United States before the invention thereof by the applicant for 
patent, or on an international application by another who has fulfilled the 
requirements of paragraphs (1 ), (2), and (4) of section 37 1 (c) of this title before the 
invention thereof by the applicant for patent. 

3. Claims 56-76 are rejected under 35 U.S .. C. § 102(e) as being anticipated 

by Perrone U.S. Patent No. 6, 157,705. 

4. As to claim 56, Perrone teaches the invention as claimed, including a 

method for utilizing agents for speech-based navigation of an electronic data source, 

comprising the steps of: 

receiving a spoken request for desired information from a user (abstract, figures 

1, 2, 4, col. 8 lines 4-20), 

rendering an interpretation of the spoken request (abstract, figures 1, 2, 4, col. 5 

lines 16-col. 6 lines 33, col. 8 lines 21-55, col. 18 lines 29-63), 
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constructing a navigation query based upon the interpretation (abstract, figure 4, 

coL 11 lines 19-45, col. 18 lines 29-63), 

routing the navigation query to at least one agent, wherein the at least one agent 

utilizes the navigation query to select a portion of the electronic data source (abstract, 

figure 4, col. 3 lines 41-col. 4 lines 35, col. 18 lines 29-col. 19 lines 12), and 

invoking a user interface agent for outputting the selected portion of the 

electronic data source to the user (abstract, figures 3, 5, col. 5 lines 17 -col. 6 lines 33, 

col. 8 lines 4-55, col. 18 lines 29-col. 19 lines 52). 

5. As to claim 57, Perrone teaches the invention as claimed, wherein an 

agent renders the interpretation of the spoken request (abstract, figures 1, 2, 4, col. 5 

lines 16-col. 6 lines 33, col. 8 lines 21-55, col. 18 lines 29-63). 

6. As to claim. 58, Perrone teaches the invention as claimed, wherein a 

facilitator manages data flow among multiple agents (figure 5, col. 1 lines 9-col. 2 lines 

6, col. 17 lines 10-col. 19 lines 12). 

7. As to claim 59, Perrone teaches the invention as claimed, wherein the 

step of rendering the interpretation of the spoken request is performed by a speech 

recognition agent and a parsing agent (abstract, figures 1, 2, 4, col. 5 lines 16-col. 6 

lines 33, col. 8 lines 21-55, col. 18 lines 29-63). 
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8. As to claim 60, Perrone teaches the invention as claimed, further 

comprising the steps of soliciting additional input from the user, including user 

interaction in a modality different than the original request; and refining the navigation 

query, based upon the additional input; wherein the at least one agent uses the refined 

navigation query to select a portion of the electronic data source (figure 5, col. 1 lines 9-

col. 2 lines 6, col. 17 lines 10-col. 19 lines 12). 

9. As to claim 61, Perrone teaches the invention as claimed, wherein agents 

are utilized for performing the steps of soliciting additional input from the user and 

refining the navigation query (abstract, figures 4, 5, col. 1 lines 9-col. 2 lines 6, col. 3 

lines 41-col. 4 lines 35, col. 17 lines 10-col. 19 lines 12). 

10. As to claim 62, Perrone teaches the invention as claimed, wherein the 

electronic data source is a web page, wherein the at least one agent scrapes the web 

page for selecting a portion of the web page (col. 9 lines 9-col. 11 lines 10, col. 12 lines 

36-col. 13 lines 35). 

11. As to claim 63, Perrone teaches the invention as claimed, including a 

computer program embodied on a computer readable medium for utilizing agents for 

speech-based navigation of an electronic data source, comprising the steps of: 

a code segment that receives a spoken request for desired information from a 

user (abstract, figures 1, 2, 4, col. 8 lines 4-20), 
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a code segment that renders an interpretation of the spoken request (abstract, 

figures 1, 2, 4, col. 5 lines 16-col. 6 lines 33, col. 8 lines 21-55, col. 18 lines 29-63), 

a code segment that constructs a navigation query based upon the interpretation 

(abstract, figure 4, col. 11 lines 19-45, col. 18 lines 29-63), 

a code segment that routes the navigation query to at least one agent, wherein 

the at least one agent utilizes the navigation query to select a portion of the electronic 

data source (abstract, figure 4, col. 3 lines 41-col. 4 lines 35, col. 18 lines ~9-col. 19 

lines 12), and 

a code segment that invokes a user interface agent for outputting the selected 

portion of the electronic data source to the user (abstract, figures 3, 5, col. 5 lines 17-

col. 6 lines 33, col. 8 lines 4-55, col. 18 lines 29~col. 19 lines 52). 

' . 
12. As to claim 64, Perrone teaches the invention as claimed, wherein the 

code segment that renders the interpretation of the spoken request is executed by an 

agent (abstract, figures 1, 2, 4, col. 5 lines 16-col. 6 lines 33, col. 8 lines 21-55, col. 18 

lines 29-63). 

13. As to claim 65, Perrone teaches the invention as claimed, wherein a 

facilitator manages data flow among multiple agents (figure 5, col. 1 lines 9-col. 2 lines 

6, col. 17 lines 10-col. 19 lines 12). 
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14. As to· claim 66, Perrone teaches the invention as claimed, wherein a 

speech recognition agent and a parsing agent execute the code segment that renders 

the interpretation of the spoken request (abstract, figures 1, 2, 4, col. 5 lines 16-col. 6 

lines 33, col. 8 lines 21-55, col. 18 lines 29-63). 

15. As to Claim 67, Perrone teaches the invention as claimed, further 

comprising a code segment that solicits additional input from the user, including user 
!-t; 

interaction in a modality different than the original request; and a code segment that 

refines the navigation query, based upon the additional input; wherein the at least one 

agent uses the refined navigation query to select a portion of the electronic data source 

(figure 5, col. 1 lines 9-col. 2 lines 6, col. 17 lines 10-col. 19 lines 12). 

16. As to claim 68, Perrone teaches the· invention as claimed, wherein a 

solicitor agent executes the code segment that solicit the additional input from the user 

and a refining agent executes the code segment that refines the navigation query 

(abstract, figures 4, 5, col. 1 lines 9-col. 2 lines 6, col. 3 lines 41-col. 4 lines 35, col. 17 

lines 10-col. 19 lines 12). 

17. As to claim 69, Perrone teaches the invention as claimed, wherein the 

electronic data source is a web page, wherein the at least one agent scrapes the web 

page for selecting a portion of the web page (col. 9 lines 9-col. 11 lines 10, col. 12 lines 

36-col. 13 lines 35). 
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18. As to claim 70, Perrone teaches the invention as claimed, including a 

system for utilizing agents for speech-based navigation of an electronic data source, 

comprising the steps of: 

a client device, operable to receive a spoken request for desired information from 

a user (abstract, figures 1, 2, 4, col. 8 lines 4-20), 

spoken language processing logic, operable to render an interpretation of the 
' 

spoken request (abstract, figures 1, 2, 4, col. 5 lines 16-col. 6 lines 33, col. 8 lines 21-

55, col. 18 lines 29-63), 

query construction logic, operable to construct a navigation query based upon 

the interpretation (abstract, figure 4, col. 11 lines 19-45, col. 18 lines 29-63), 

routing logic, operable to route the navigation query to at least one agent, 

wherein the at least one agent utilizes the navigation query to select a portion of the 

electronic data source (abstract, figure 4, col. 3 lines 41-col. 4 lines 35, col. 18 lines 29-

col. 19 lines 12), and 

invoking logic, operable to invoke a user interface agent for outputting the 

selected portion of the electronic data source to the user (abstract, figures 3, 5, col. 5 

lines 17-col. 6 lines 33, col. 8 lines 4-55, col. 18 lines 29-col. 19 lines 52). 

19. As to claim 71, Perrone teaches the invention as claimed, wherein the 

query construction logic that renders the interpretation of the spoken request is 
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executed by an agent (abstract, figures 1, 2, 4, col. 5 lines 16-col. 6 lines 33, col. 8 lines 

21-55, col. 18 lines 29-63). 

20. As to claim' 72, Perrone teaches the invention as' claimed, wherein a 

facilitator manages data flow among multiple agents (figure 5, col. 1 lines 9-col. 2 lines 

6, col. 17 lines 10-col. 19 lines 12). 

21. As to claim 73, Perrone teaches the invention as claimed, wherein a 

speech recognition agent and a parsing agent execute the spoken language processing 

logic that renders the interpretation of the spoken request (abstract, figures 1, 2, 4, col. 

5 lines 16-col. 6 lines 33, col. 8 lines 21-55, col. 18 lines 29-63). 

22. As to claim 7 4, Perrone teaches the invention as claimed, further 

comprising user interaction logic operable to solicit additional input from the user, 

including user interaction in a modality different than the original request; and query ,. 

refining logic operable to refine the navigation query, based upon the additional input; 

wherein the at least one agent uses the refined navigation query to select a portion of 

the electronic data source (figure 5, col. 1 lines 9-col. 2 lines 6, col. 17 lines 10-col. 19 

lines 12). 

23. As to claim 75, Perrone teaches the invention as claimed, wherein a 

solicitor agent executes the us.er interaction logic and a refining agent executes the 
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query refinement logic (abstract, figures 4, 5, col. 1 lines 9-col. 2 lines 6, col. 3 lines 41-

col. 4 lines 35, col. 17 lines 10-col. 19 lines 12). 

24. As to claim 76, Perrone teaches the invention as claimed, wherein the 

electronic data source is a web page, wh~rein the at least one agent scrapes th~e web 

page for selecting a portion of the web page (col. 9 lines 9-col. 11 lines 10, col. 12 lines 

36-col. 13 lines 35). 

Response to Arguments 

25. Applicant's arguments with respect to claims 56-76 have been considered 

but are moot in view of the new ground(s) of rejection. 

Conclusion 

26. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

27. Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to Thu Ha Nguyen, whose telephone number is (703) 

305-7447. The examiner can normally be reached Monday through Friday from 7:30 

AM to 4:30 PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, SPE Ayaz R. Sheikh, can be reached at (703) 305-9648. 

Any inquiry of a general nature of relating to the status of this application should 

be directed to the Group receptionist whose, telephone number is (703) 305-9600. 

The fax number for art unit 2155 is (703) 305-7201. 

Thu Ha Nguyen 

February 6, 2002 ~ 
SUPERVlSORY PATE.NT EXAMtNER 

TECHNOLOGY CENTER 2100 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION 

Applicant: Halversen et al. 

Case: SRl1P037C 

Serial No.: 09/607,672 

Group Art Unit: 2155 

Examiner: Thu Ha Nguyen 

Filed: June 30, 2000 

141005 

qFf(pj/J 

CJ. e£Jhri 
1r-(7/6~ 

Title: System, Method, And Article Of Manufacture For Agent-Based Navigation In 
A Speech-Based Data Navigation System 

ASSISTANT COMMISSIONER FOR PATENTS 
Box Fee Amendment 
Washington, D. C. 20231 

SIR: 

AMENDMENT AND RESPONSE UNDER 37 C.F.R. § 1.111 

This response addresses the Office Action dated February 13, 2002 {Paper No. 

13). 

IN THE CLAIMS / / _.--

Please cancel claims 58: 65, and 72 without prejudice. 

// / 
Please amend claims 56, 63 and 70 as shown below. The claims are '1clean 

versionn of the amended claims, i.e., with changes incorporated into the claims, 

whereas the Appendix to this Amendment illustrates the amended claims using 

underlines and brackets to Indicate addition and deletion, respectively. 

\~(Amended) A method for utilizing agents for speech-based navigation of an 

electronic data source, comprising the steps of: 

1 
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(a) receiving a spoken request for desired information from a user, 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the interpretation; 

141006 

(d) routing the navi~ation query to at least one agent, wherein the at least one 

agent utilizes the navigation query to select a portion of the electronic data source; and 

( e) Invoking· a user interface agent for .outputting the selected portion of the 

electronic data source to the user, wherein a facilitator manages data flow among 

multiple agents and maintains a registration of each of said agents' capabilities. 

r\~ (Amended) A computer program embodied on a computer readable medium for 

utilizing agents for speech-based navigation of an electronic data source, comprising 

the steps of: 

(a) a code segment that receives a spoken request for desired information from 

a user; 

(b) a code segment that renders an interpretation of the spoken request: 

(c) a code segment that constructs a navigation query based upon the 

interpretation; 

(d) a code segment that routes the navigation query to at least one agent, 

wherein the at least one agent utilizes the navigation query to select a portion of the 

electronic data source; and 

(e) a code segment that invokes a user interface agent for outputting the 

selected portion of the electronic data source to the user, wherein ·a facilitator manages 

data flow among multiple agents and maintains a registration of each of said agents' 

capabilities. 

\"; -p{ (Amended) A system for utilizing agents for speechubased navigation of an 

electronic data source, comprising the steps of: 

(a) a client device, operable to receive a spoken request for desired information 

from a user, 

(b) spoken language processing logic, operable to render an interpretation of the 

2 
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spoken request; 

(c) query construction logic, operable to construct a navigation query based upon 

the interpretation; 

(d) routing logicj operable to route the navigation query to at ieast one agent, 

wherein the at least one agent utilizes the navigation query to select a portion of the 

electronic data source; and 

(e) invoking logic, operable to Invoke a user interface agent'for outputting the 

selected portion of the electronic data source to the user, wherein a facilitator manages 

data flow among multiple agents and maintains a registration of each of said agents' 

capabilities. 

REMARKS 

Applicants' representative would like to thank Examiner Nguyen and Primary 

Examiner David Wiley for kindly taking a substantial amount of time on May 23, 2002 to 

discuss the merits of the subject invention in a face-towface Examiner Interview. 

Applicants' representative is aware of the time constraint that is placed on the 

Examiners and is appreciative of the Examiners' willingness to devote such large 

quantity of time to discuss the case on the merit. 

In view of the following discussion, the Applicants submit that none of the claims 

now pending in the application are anticipated under the provisions of 35 U.S.C. § 102. 

Thus, the Applicants believe that all of these claims are now in allowable form. 

I. REJECTION OF CLAIMS 56·76 UNDER 35 U.S.C. § 102 

The Examiner has rejected claims 56-76 in Paragraphs 3-24 of the Office Action 

as being unpatentable over Perronej (US Patent 6, 157 ,705, issued December 5, 2000). 

The rejection is respectfully traversed. 

Perrone teaches a method for controlllng a server using voice. Specifically, 

Perrone discloses the establishment of a "voice communication channel" and a 

separate •data communication channel" between a local client and a remote server. In 

operation, voice command over the voice communlcation channel is received and 

Rece ved from< 732 530 9808 >at 7115102 5:37:47 PM [Eastern Da~ight TimeJ 
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processed and then the desired data is returned on the "data communication channel" 

to the local client. (See Perrone, Column 3, lines 41-55) However, the Perrone 

reference is completely devoid of any disclosure pertaining' to the use of agents for 

speech-based. navigation. 

recite: 

Specifically, Applicants' amended independent claims 56, 63 and 70 positively 

56. A method for utilizlng agents for speech-based navigation of an electronic 
data source, comprising the steps of: 

(a) receiving a spoken request for desired information from a user; 
(b) rendering an interpretation of the spoken request; , 
(c) constructing a navigation query based upon the interpretation; 
( d) routing the navigation query to at least one agent. wherein the at 

least one agent utilizes the navigation gueiy to select a portion of 
the electronic data source; and 

(e) invoking a user interface agent for outputting the selected portion of 
the electronic data source to the user. wherein a facilitator 
manages data flow among multiple agents and maintains a 
registration of each of said agents' capabilitie§. 

(emphasis added) 

63. A computer program embodied on a computer readable medium for 
utilizing agents for speech-based navigation of a·n electronic data source, 
comprising the steps of: 

(a) a code segment that receives a spoken request for desired 
information from a user; 

(b) a code segment that renders an interpretation of the spoken request; 
(c) a code segment that constructs a navigation query based upon the 

interpretation; 
(d) a code segment that routes the navigation query to at least one agent. 

wherein the at least one agent utilizes the navigation guerv to select a portion of 
the electronic data source; and 

(e) a code segment that invokes a user interface agent for outputting the 
selected portion of the electronic data source to the user, wherein a facilitator 
menages data flow among multiple agents and maintains a registration of each 
of said agents' capabilities. (emphasis added) 

70. A system for utilizing agents for speech-based navigation of an electronic 
data source, comprising the steps of: 

(a) a client device, operable to receive a spoken request for desired 
information from a user; 

(b) spoken language processing logic, operable to render an interpretation 

4 
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of the spoken request 
(c) query construction logic, operable to construct a navigation query 

based upon the interpretation; . 
(d) routing logic. operable to route the navigation guerv to at least one 

agent. wherein the..at least one agent utilizes the navigation guerv to select a 
portion of the electronic data source; and 

141009 

(e) invoking logic. operable to invoke a user ioterface agent for outputting 
the selected portion of the electronic data source to the user. wherein a facilitator 
manages data flow among multiple agents and maintains a registration of each 
of said agents' capabilities. (emphasis added) 

Applicants' invention teaches a novel method and apparatus for speech-based 

navigation where the method interprets the spoken request and then constructs''CJ 

navigation query based upon the interpretation. More specifically, Applicants' invention 

exploits the dynamic collaboration of a set of distributed agents in executing the above 

claimed speech-based navigation. In one embodiment, the functionality pf each agent 

is made available to the agent community through registration of the agent's capabilities 

with a facilitator. In tum, the facilitator coordinates and integrates the results received 

from different agents on various sutrgoals in order to satisfy the overall goal of the 

spoken request. (See Applicants' specification, page 21, lines 1-27) Applicants' 

distributed approach is a powerful and flexible platform that will allow the.system to 

evolve and expand as the complexity of the spoken request increases. 

As noted by Primary Examiner Wiley during the Examiner lnteiview, Perrone is 

completely devoid of this novel teaching pertaining to the use of agents. The Examiner 

indicated that if Applicants clarify the registration aspect of the agent in the independent 

claims, then the Examiner would withdraw the present rejection. 

Therefore, the Applicants respectfully submit that independent claims 56, 63 and 

70 are not anticipated by Perrone. As such, claims 56, 63 and 70 fully satisfy the 

requirements of 35 U.S.C. §102 and are patentable thereunder. 

Claims 57, 59-62, 64, 66-69 and 71, 73-76 depend, either directly or indirectly, 

from claims 56, 63 and 70 and recite additional features therefor. Since Perrone fails to 

anticipate Applicants' invention as recited in Applicants' independent claims 56, 63 and 

70, dependent claims 57, 59-62, 64, 66-69 and 71, 73-76 are also not anticipated under 

35 U.S.C. § 102 and are allowable for the same reason noted above. 

5 
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ConclusiQO 

Thus, the Applicants submit that all of these claims now fully satisfy the 

requirements of 35 U.S.C. §102. Consequently, the Applicants believe that all these 

claims are presently in condition for allowance. Accordingly, both reconsideration of 

this application and its swift passage to issue are earnestly solicited. 

!41010 

If, however, the Examiner believes that there are any unresolved issues requiring 

the issuance of a final action in any of the claims now pending in the application, it is 

requested that the Examiner telephone Mr. Kin-Wah Tong, Esg. at (732) 530-9404 so 

that appropriate arrangements can be made for resolving such issues as expeditiously 

as possible. 

Moser, Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
First Floor, 
Shrewsbury, New Jersey 07702 
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Respectfully submitted, 

£~,.,~~ 
Kin-Wah Tong, Attorney 
Reg. No. 39,400 
(732) ~30-9404 
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APPENDIX 

(Marked-up version of amended claims) 

56. (Amended) A method for utilizing agents for speech-based navigation of an 

electronic data source, comprising the steps of: 

(a) receiving a spoken request for desired information from a user, 

(b) rendering an interpretation of.the spoken request; 

(c) constructing a navigation query based upon the interpretation; 

141011 

(d) routing the navigation query to at least one agent, wherein the at least $me 
agent utilizes the navigation query to select a portion of the electronic data source; and 

(e) invoking a user Interface agent for outputting the selected portion of the 

electronic data source to the user. wherein a facilitator manages data flow among 

multiple agents and maintains a registration of each of said agents' capabilities. 

63. (Amended) A computer program embodied on a.computer readable medium for 

utilizing agents for speech-based navigation of an electronic data source,·comprising 

the steps of: 

(a} a code segment that receives a spoken request for desired information from 

a user; 

(b} a code segment that renders an interpretation of the spoken request; 

(c) a code segment that constructs a navigation query based upon the 

interpretation; 

(d) a code segment that routes the navigation query to at least one agent, 

wherein the at least one agent utilizes the navigation query to select a portion of the 

electronic data source; and 

(e) a code segment that invokes a user interface agent for outputting the 

selected portion of the electronic data source to the user. wherein a facilitator manages 

data flow among multiple agents and maintains a registration of each of said agents' 

capabilities. 

7 
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70. (Amended) A system for utilizing agents for speech-based navigation of an 

electronic data source, comprising the steps of: 

~012 

(a) a client device, operable to receive a spoken request for desired information 

from a user; 

(b) spoken language processing logic,, operable to render an interpretation of the 

spoken request; 

(c) query construction logic, operable to construct a navigation query based upon 

the interpretation; 

(d) routing logic, operable to route the navigation query to at least one ag~nt, 

wherein the at least one agent utilizes the navigation query to select a portion of the 

electronic data source; and 

(e) invoking logic, operable to invoke a user interface agent for outputting the 

selected portion of the electronic data source to the user. wherein a facilitator manages 

data flow among multiple agents and maintains a registration of each of said agents' 

capabilities. 
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DATE: ~--_......,.Ju_ly-=-15=·~2=0=02=-~----~~----~~~ 

.MATI'ER:_~~-=S=en_·ru......,._N=o_.~o~9~/6=Q7........,,,.6~7~2~~F~i=le=¢~·~Ju_n_e~3~0~.2=0=0=0--~ 

DOCKET NO:: _--=S=RI_.lP_..0..._37......,C......_ ___________ _ 

APPLICANT:_~-H~AL-=-VER.:.=~S=O~N~·~e~tfil=---~~---~~--

The following has been received in the U.S. Patent and Trademark Office on the date of this facsimile: 

_Petition 
_. Disclosure Statement & PI'0-1449 
_ Priority Document 
_ Drawings(_ sheets) informal 
..A. Petition for Ex.tension of Time (2 copies) 
.X. Amendment and Re.~pon~e 

..X.. Tni.nsmittal Lelter 
_ Fee Transmittal (2 copies) 
.X... Deposit Account Transaction 
..X. Facsimile Transmission Certif'1cate 

dated July 15. 2002 

CERTlFICA.TE OF TRANSM!SSIQN l TNDRR 37 C.F.R. §I 8 

I hereby certify that this correspondence is being transmitted by facsimile to lhe Assistant 
Commissioner for Pateuts, Box. Non-Fee Amendment, Washington, DC 20231 on July 15. 2002 
Facsimile No. 703-746-7239 

Linda DcNardi 
Name of person signing this certificate · 

Received from< 732 530 9808 >at 7115102 5:37:47 PM ~astern Da~ight Time) 
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__ _"'./15~02 16: 36 FAX. 732_UQ 08 MOSER PATI'ERSON SHERIDA ~002 

. PTO/SB/21 (08..00) 
Please type e plus sign (-t-) inside this box ---+ B Approved for use through 1013112002. OMB 0651-0031 

U.S. Patef\t and Tradem11rk Office: U.S. De.PARTMENT OF COMMERCE 
Under the PaparWCrk Reduclion NJ.. ot 1 eQS, no parsons •ra raqulted to rapond 1D a colleclian ofiifomlallon unle&a II dlspleys a vana OMB conlrol number. 

r Application Number 091607,672 " TRANSMITTAL Filing Date 6/30/00 

FORM First Named Inventor HALVERSEN ET AL 

(to be used for an corrospondeni:e after initial filing) Group Art Unit 2155 

Examiner Name T. Nguyen 

\lOtal Number of Pages in This Submission I Attorney Docket Number SRl1P037C ~ 

ENCLOSURES (ohaek all that aoolvl 

D Fee Transmittal Form 0 Assignment Papers 0 After Allowance Comrnunlcation to 
(fOr an Appfioation) Group 

0 Fee Attached 0 Drawing(s) 0 Appeal Communication to Board of 
Appeals and Interferences 

~ Amendment I Response 0 Licensing-related Pape!'$ 0 Appeal Communication to Gl'Qup 
(Appeal Notice. Brief. Rttply Brief) 

0 After Flnal 0 Petition Routing Sllp (PTO/SB/69) D Proprietary Information and A~mpanying Petition 

0 Affidavilsldeelarallon{s) 
0 F'etltion to Convert to a 0 Status Letter Provisional Application 

181 Extension of Time Request 
D Power of Attorney, Revocation ~ Other Enclosure(s) 

Change of Correspondence Address (please identify below): 

0 Terminal Disclaimer Certificate of Facsimile 
0 Express Abandonment Request 0 Request for Refund 

Transmifiion 

0 Information Disclosure Statement 0 CD, Number of CD(s) 

0 Certified Copy of Priority Remarks l Document{s) 

D Respcnse to Mtsslng Parts/ 
tncomp!ete Application 

0 Response to Missing · 
F'al't$ under 37 CFR 
1.52or1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Firm 
or KIN-WAH TONG, Reg. No. 39,400 
Individual name 

Signature ~~~ 
·, Date July 15, 2002 q 

r ""\ 

Burden Hour statement Thi• form i& estimated to take 0.2 nours to complete. Tll'Tla will Vat'/ depending upon the nteds or the individual case. ~ 
comments on the amo1.1nt of time you are reciulred to complc:te this 1orrn should be send to the Chief Information Officer, U.S. Patant and Tradema 
Office, Washington, DC 20231. DO f'IOT SEND FEES OR COMPLETED FORMS 10 THIS ADDRESS. SEND TO: AHistant Con'lm!Ssloner for 
Patents, ~shlng1<1n, DC 202~1. 

.... ~ 

Received from< 732 530 9808 >at 7115102 5:37:47 PM ~astern Daylight Time} 
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Application No. Applicant(s) 

Notice of Allowability 09/607,672 HALVERSEN ET AL 
Examiner Art Unit 

Thu Ha T. Nguyen 2155 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This applicaticn is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 0 This communication is responsive to amendment B filed on 16 Julv 2002. 
2. 0 The allowed claim(s) is/are 56-76. 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 0 Acknowledgment is made of a claim for foreign priority under 35 'u.s.c. § 119(a)-(d) or (f). 
a) 0 All b) 0 Some* c) D None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

*Certified copies not received: __ . 

5. 0 Ackn~wledgment is made of a claim for domestic priority under 35 U.S.C. § 119{e) (to a provisional application). 

(a) 0 The translation of the foreign language provisional application has been received. 

6. 0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted 
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE 

7. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason{s) why the oath or declaration is deficient. 

8. 0 CORRECTED DRAWINGS must be submitted. 

(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) 0 hereto or 2) 0 to Paper No. __ . 

(b) 0 including changes required by the proposed drawing correction filed __ , which has been approved by the Examiner. 

(c} 0 including changes required by the attached Examiner's Amendment I Comment or in the Office action of Paper No. __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings In the top margin (not the back} 
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson. 

9. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 

10 Notice of References Cited (PT0-892) 
30 Notice of Draftperson's Patent Drawing Review (PT0-948) 
50 Information Disclosure Statements (PT0-1449), Paper No. __ . 
70 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

20 Notice of Informal Patent Application (PT0-152) 
40 Interview Summary (PT0-413), Paper No._·_. 
60 Examiner's Amendment/Comment 
80 Examiner's Statement of Reasons for Allowance 
90 Other 

AYAZ. SHEIKH 
SUPERVISORY PATENT EXAMINER 

TECHNOLOGY CENTER 21 
U.S. Patent and Trademark Office 

PT0-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 17 

DISH, Exh. 1006, p. 138

Petitioner Microsoft Corporation - Ex. 1008, p. 1091



UNITED STATES PATENT AND lRAoEMARK OFFICE 
UNITED S'I'ATES DEPARTMENT OF COMMERCE 
Un.ited State• Patent aud Trade1na.rk om~ 
Addre••: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 
www,uspto..11ov 

NOTICE OF ALLOWANCE AND FEE(S) DUE f17 
7590 09/23/2002 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

EXAMINER 

NGUYEN, THU HAT 

ART UNIT CLASS-SUBCLASS 

2155 709-202000 

DA TE MAILED: 09/23/2002 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

091607,672 06/30/2000 Christine Halversen SRIIP037C 1291 

TITLE OF INVENTION: SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE FOR AGENT-BASED NAVIGATION IN A SPEECH-BASED DATA 
NAVIGATION SYSTEM 

APPLN, TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional YES $640 $0 $640 12/23/2002 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON mE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN TBREE MONIHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. IfilS. STATUTORY 
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DuE .INDICATED ABOVE REFLECTS A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT) 
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS 
ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 
L Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 
A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE (ifrequired) 
and twice the amount of the ISSUE FEE shown above and notify the 
United States Patent and Trademark Office of the change in status, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and 112 the ISSUE FEE shown above. 

CJ Applicant claims SMALL ENTITY status. 
See 37 CFR 1.27. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (ifrequired). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the fonn shouJd be submitted. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Box ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page I of4 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE 
Commissioner for Patents 
Washington, D.C. 20231 

Eu (703)746-4000 
R I N : 1s orm s ou e use or transmtttmg e an A 1 reqmre . oc roug s ou e comp ete w ere 

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will e mailed to the current correspondence addn:ss as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. · 

CORREN 1 t6kkESPONOENCE ADDRESS (Note: Leg1bly mark·up wtfh any corrections or use Hlock I) Note: A certificate of ma1hng can only be used for domestic mailings of the 
7590 0912312002 Fee(s) Transmittal. This certificate cannot be used for any other 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 

accompanyfog papers. Each additional paper, such as an assignment or 
formafclniwing, must have its own certificate of mailing or transmission. 

Certificate of Malling or Transmission 
SUITE 100 
SHREWSBURY, NJ 07702 

I hereby certify that this Fee(s) Transmittal is being deposited with the 
United States Postal Service with sufficient postage for first class mail in an 
envelope addressed to the Box Issue Fee address above, or being facsimile 
transtnitted to the USPTO, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

APPL!CA TION NO. FILING DA TE FIRST NAMED INVENTOR A TIORNEY DOCKET NO. CONFIRMA T!ON NO. 

09/607,672 0613012000 Christine Halversen SRllP037C 1291 

TITLE OF INVENTION: SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE FOR AGENT-BASED NAVIGATION IN A SPEECH-BASED DATA 
NA VIGA T!ON SYSTEM 

APPLN.TYPE SMALL ENTITY ISSUE FEE 

nonprovisional YES $640 

EXAMINER I ARTUNIT 

NGUYEN, THU HAT 2155 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address fonn PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

I PUBLICATION FEE TOT AL FEE(S) DUE 

$0 $640 

CLASS-SUBCLASS 

709-202000 

2. For printing on the patent front page, list (I) 
the names of up to 3 registered patent attorneys 
or agents OR, alternatively, (2) the name of a 
single firm (having· as a member a registered 
attorney or agent) and the names of up to 2 
registered patent attorneys or agents. If no name 
is listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DAT A TO BE PRINTED ON THE PATENT (print or type) 

DATE DUE 

12/23/2002 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment. 
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) 0 individual 0 corporation or other private group entity 0 government 

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

0 Issue Fee Q A check in the amount of the fee( s) is enclosed. 

0 Publication Fee 0 Payment by credit card. Form PT0-2038 is attached. 

0 Advance Order· #of Copies------- 0 The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to 
Deposit Account Number (enclose an extra copy of this form). 

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 

(Authorized Signature) (Date) 

NOTE; The Issue Fee and Pubhcat1on Fee (1f required) will not be accepted from anyone 
other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown oy the records of the United States Patent and Trademark Office. 

This collection of mformatton 1s reqmred by 37 CFR 1.31 I. The information 1s required to 
obtain or retain a benefit by the public which is to file (and by tbe USPTO to process) an 
application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the 
completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to compfete this form and/or 
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. De_partment ofCommerce1.Washington, D.C. 20231. DO 
NOT SEND FEES OR COMPLETED FORMS TO fo!S ADDRESS, SEND TO: 
Commissioner for Patents, Washington, DC 20231. 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a 
collection of infonnation unless it displays a valid OMB control number. 

TRANSMIT THIS FORM WITH FEE(S) 

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND 'IRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

09/607,672 06/30/2000 

7590 09/23/2002 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

FIRST NAMED INVENTOR 

Christine Hal versen 

UNITED STATES DEPARTMENT OF COMMERCE 
United State• Patent and Trade1nark Omoe 
Addr•H' COMMISSIONER OF PATJ!:NTS AND TRADl!:MARKS 

Washington, D.C. 20231 
www.u•pto.1ov 

I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

SRI1P037C 1291 

EXAMINER 

NGUYEN, THU HAT 

ART UNIT PAPER NUMBER 

2155 

DA TE MAILED: 09/23/2002 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The patent tenn adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing 
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after 
the mailing date of this notice, the tenn adjustment will be 0 days. 

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that 
detennines patent tenn adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed infonnation by accessing the Patent Application Information Retrieval 
(PAIR) system. (http://pair.uspto.gov) 
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UNITED STATES PATENT AND 'IRADEMARK 0FFIGE 

APPLICATION NO. FILING DATE 

09/607,672 06/30/2000 

7590 09/23/2002 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 
UNITED ST ATES 

FIRST NAMED INVENTOR 

Christine Halversen 

UNITED STATES DEPARTMENT OF COMMERCE 
United State• Patent a.nd Trademark Omoe 
Addreeo: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, O.C. 20231 
www.uspto.IOV 

I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

SRIIP037C 1291 

EXAMINER 

NGUYEN, THU HAT 

ART UNIT PAPER NUMBER 

2155 

DA TE MAILED: 09/23/2002 

Notice of Possible Fee Increase on October 1, 2002 

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1,.2002, then the 
amount due may be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there may be an increase 
in fees effective on October 1, 2002. ~ Revision cl~ filld Trademark~ fur~ .Tufil: 2QQ1;. Notice Qf 
Proposed Rulema,king. 67 Fed. Reg. 30634, 30636 (May 7, 2002). Although a change to the amount of the publication fee 
is not currently proposed for October 2002, if the issue fee or publication fee is to be paid on or after October 1, 2002, 
applicant should check the USPTO web site for the current fees before submitting the payment. The USPTO Internet 
address for the fee schedule is: htt.9://www.uspto.gov/main/howtofees.htm. 

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount 
in view of any fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid 
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of 
Allowance and Fee(s) due form is to be filed on or after October 1, 2002 (or mailed with a certificate of mailing on or 
after October 1, 2002), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was 
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a 
previously-paid issue fee to the issue fee now due, then the differenc.e between the issue fee amount at the time the 
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section 
1308.01 (Eighth Edition, August 2001). 

Questions relating to issue and publication fee payments should be directed to the Customer Service Center 
of the Office of Patent Publication at (703) 305-8283. 
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UNITED STATES r"ATENT AND 'IRADEMARK 0FFIGE 

APPLICATION NO. EILINGDATE FIRST NAMED INVENTOR 

09/607,672 0613012000 Christine Halversen 

7590 0110712003 

THOMASON, MOSER & PATTERSON, LLP 
595 SHREWSBURY A VENUE 
SUITE 100 
SHREWSBURY, NJ 07702 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Traden1ark Office 
AddreBS: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 
www.u•pto.gov 

I ATTORNEY DOCKET NO. I CONFIRMA TJON NO. 

SRIIP037C 1291 

EXAMINER 

NGUYEN, THU HAT 

ART UNIT PAPER NUMBER 

2155 

'?> DATE MAILED: 01/07/2003 

Please find below and/or attached an Office communication concerning this application or prQceeding. 

PT0-90C (Rev. 07-01) 
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Application No. 
~~w 
Notice of Allowability 

09/607,672 
Examiner 

Thu Ha T. Nguyen 

Appllcant(s) 

HALVERSEN ET AL. 
Art Unit 

2155 

-· The MAil/NG DA TE of this communication appears on the cover sheet with the correspondence address-· 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and .MPEP 1308. 

1. ~ This communication is responsive to amendment B filed on 16 Julv 2002. 
2. ~ The allowed claim(s) is/are 56-57. 59-64. 66-71 and 73-76. 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 0 Acknowledgment is made of a claim for foreign priority under 35, U.S.C. § 119(a)-(d) or (f). 
a) 0 All b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the 'priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a}). ,.~ 

* Certified copies not received: __ . 

5. D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119{e) (to a provisional application). 

(a) 0 The translation of the foreign language provisional application has been received. 

6. 0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted 
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

7. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s} why the oath or declaration is deficient. 

8. 0 CORRECTED DRAWINGS must be submitted. 
(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( J:lT0-948) attached 

1) 0 hereto or 2) 0 to Paper No. __ . 

(b) 0 including changes required by the proposed drawing correction filed __ , which has been approved by the Examiner. 

(c) 0 including changes required by the attached Examiner's Amendment I Comment or in the Office action of Paper No. __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)} should be written on the drawings In the top margin (not the back) 
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson. 

9. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 

10 Notice of References Cited (PT0-892) 
30 Notice of Draftperson's Patent Drawing Review (PT0-948) 
50 Information Disclosure Statements (PT0-1449), Paper No. __ . 
70 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

20 Notice of Informal Patent Application (PT0-152) 
40 Interview Summary (PT0-413), Paper No. __ . 
60 Examiner's Amendment/Comment 
80 Examiner's Statement of Reasons for Allowance 
90 Other 

AYAZ. SHEIKH 
SUPERVJSOAY PATENT EXAMINER 

TECHNfll n~v ,.J --
-· - ._. ..... U.S. Patent and Trademark Office 

PT0-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 17 . 
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/ 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: c. Halversen 

Serial No.: 09/607,672 Art Unit: 2155 

Filing Date: 
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SYSTEM, METHOD, AND ARTICLE OF 
MANUFACTURE FOR AGENT-BASED 

NAVIGATION IN A SPEECH-BASED DATA 
NAVIGATION SYSTEM 

This application is a continuation of an application 
entitled NAVIGATING NETWORK-BASED ELEC
TRONIC INFORMATION USING SPOKEN NATURAL 
LANGUAGE INPUT WITH MULTIMODAL ERROR 
FEEDBACK which was filed on Mar. 13, 2000 under Ser. 
No. 09/524,095 and which is a Continuation In Part of 
co-pending U.S. patent application Ser. No. 09/225,198, 
filed Jan. 5, 1999, Provisional U.S. patent application Ser. 
No. 60/124,718, filed Mar. 17, 1999, Provisional U.S. patent 
application Ser. No. 60/124,720, filed Mar. 17, 1999, and 
Provisional U.S. patent application Ser. No. 60/124,719, 
filed Mar. 17, 1999, from which applications priority is 
claimed and these application are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the navigation 
of electronic data by means of spoken natural language 
requests, and to feedback mechanisms and methods for 
resolving the errors and ambiguities that may be associated 
with such requests. 

2 
front-end must accept spoken natural language input in a 
manner that is intuitive to users. For example, the front-end 
should not require learning a highly specialized command 
language or format. More fundamentally, the front-end must 

5 allow users to speak directly in terms of what the user 
ultimately wants--e.g., "I'd like to see a Western film 
directed by Clint Eastwood" -as opposed to speaking in 
terms of arbitrary navigation structures (e.g., hierarchical 
layers of menus, commands, etc.) that are essentially arti-

10 facts reflecting constraints of the pre-existing text/click 
navigation system. At the same time, the front-end must 
recognize and accommodate the reality that a stream of 
naive spoken natural language input will, over time, typi
cally present a variety of errors and/or ambiguities: e.g., 

15 garbled/unrecognized words (did the user say "Eastwood" or 
"Easter"?) and under-constrained requests ("Show me the 
Clint Eastwood movie"). An approach is needed for han
dling and resolving such errors and ambiguities in a rapid, 

20 

user-friendly, non-frustrating manner. 
What is needed is a methodology and apparatus for 

rapidly constructing a voice-driven front-end atop an 
existing, non-voice data navigation system, whereby users 
can interact by means of intuitive natural language input not 
strictly conforming to the step-by-step browsing architecture 

25 of the existing navigation system, and wherein any errors or 
ambiguities in user input are rapidly and conveniently 
resolved. The solution to this need should be compatible 
with the constraints of a multi-user, distributed environment 
such as the Internet/Web or a proprietary high-bandwidth 

As global electronic connectivity continues to grow, and 
the universe of electronic data potentially available to users 
continues to expand, there is a growing need for information 
navigation technology that allows relatively naive users to 
navigate and access desired data by means of natural lan
guage input. In many of the most important markets
including the home entertainment arena, as well as mobile 
computing-spoken natural language input is highly 35 
desirable, if not ideal. As just one example, the proliferation 

30 content delivery network; a solution contemplating one-at
a-time user interactions at a single location is insufficient, for 
example. 

SUMMARY OF THE INVENTION 

The present invention addresses the above needs by 
providing a system, method, and article of manufacture for 
using agents for navigation of network-based electronic data 
sources in response to spoken input requests. When a spoken 
input request is received from a user, it is interpreted, such 
as by using a speech recognition agent to extract speech data 
from acoustic voice signals, and using a language parsing 

of high-bandwidth communications infrastructure for the 
home entertainment market (cable, satellite, broadband) 
enables delivery of movies-on-demand and other interactive 
multimedia content to the consumer's home television set. 40 
For users to take full advantage of this content stream 
ultimately requires interactive navigation of content data
bases in a manner that is too complex for user-friendly 
selection by means of a traditional remote-control clicker. 
Allowing spoken natural language requests as the input 45 
modality for rapidly searching and accessing desired content 
is an important objective for a successful consumer enter
tainment product in a context offering a dizzying range of 
database content choices. As further examples, this same 
need to drive navigation of (and transaction with) relatively 50 
complex data warehouses using spoken natural language 
requests applies equally to surfing the Internet/Web or other 
networks for general information, multimedia content, or 
e-commerce transactions. 

agent to linguistically parse the speech data. The interpre
tation of the spoken request can be performed on a com
puting device locally with the user, such as the mobile 
information appliance, or remotely from the user. The result
ing interpretation of the request is thereupon used to auto-
matically construct an operational navigation query. The 
navigation query is routed to one or more agents that use the 
navigation query to retrieve the desired information from 
one or more electronic network data sources, which is then 
transmitted to a client device of the user. If the network data 
source is a database, the navigation query is constructed in 
the format of a database query language. 

Typically, errors or ambiguities emerge in the interpreta-
In general, the existing navigational systems for browsing 

electronic databases and data warehouses (search engines, 
menus, etc.), have been designed without navigation via 
spoken natural language as a specific goal. So today's world 
is full of existing electronic data navigation systems that do 
not assume browsing via natural spoken commands, but 
rather assume text and mouse-click inputs (or in the case of 
TV remote controls, even less). Simply recognizing voice 
commands within an extremely limited vocabulary and 
grammar-the spoken equivalent of button/click input (e.g., 
speaking "channel 5" selects TV channel 5)-is really not 
sufficient by itself to satisfy the objectives described above. 
In order to deliver a true "win" for users, the voice-driven 

55 tion of the spoken NL request, such that the system cannot 
instantiate a complete, valid navigational template. This is to 
be expected occasionally, and one preferred aspect of the 
invention is the ability to handle such errors and ambiguities 
in relatively graceful and user-friendly manner. Instead of 

60 simply rejecting such input and defaulting to traditional 
input modes or simply asking the user to try again, a 
preferred embodiment of the present invention seeks to 
converge rapidly toward instantiation of a valid navigational 
template by soliciting additional clarification from the user 

65 as necessary, either before or after a navigation of the data 
source, via multimodal input, i.e., by means of menu selec
tion or other input modalities including and in addition to 
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communications device that is capable of retransmitting the 
raw voice data and/or processing the voice data) local to the 
user's environment and coupled to communications network 
106. The voice data is then transmitted across network 106 
to a remote server or servers 108. The voice data may 
preferably be transmitted in compressed digitized form, or 
alternatively-particularly where bandwidth constraints are 
significant-in analog format (e.g., via frequency modulated 
transmission), in the latter case being digitized upon arrival 

spoken natural language. This clarifying, multi-modal dia
logue takes advantage of whatever partial navigational infor
mation has been gleaned from the initial interpretation of the 
user's spoken NL request. This clarification process contin
ues until the system converges toward an adequately instan- 5 

tiated navigational template, which is in turn used to navi
gate the network-based data and retrieve the user's desired 
information. The retrieved information is transmitted across 
the network and presented to the user on a suitable client 
display device. 10 at remote server 108. 

In a further aspect of the present invention, the construc
tion of the navigation query includes extracting an input 
template for an online scripted interface to the data source 
and using the input template to construct the navigation 
query. The extraction of the input template can include 
dynamically scraping the online scripted interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, 
may best be understood by reference to the following 
description taken in conjunction with the accompanying 
drawings in which: 

FIG. la illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with server-side processing of requests; 

FIG. lb illustrates another system providing a spoken 
natural language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention with client-side processing of requests; 

FIG. 2 illustrates a system providing a spoken natural 
language interface for network-based information 
navigation, in accordance with an embodiment of the 
present invention for a mobile computing scenario; 

FIG. 3 illustrates the functional logic components of a 
request processing module in accordance with an embodi
ment of the present invention; 

At remote server 108, the voice data is processed by 
request processing logic 300 in order to understand the 
user's request and construct an appropriate query or request 
for navigation of remote data source 110, in accordance with 

15 the interpretation process exemplified in FIG. 4 and FIG. 5 
and discussed in greater detail below. For purposes of 
executing this process, request processing logic 300 com
prises functional modules including speech recognition 
engine 310, natural language (NL) parser 320, query con-

20 struction logic 330, and query refinement logic 340, as 
shown in FIG. 3. Data source 110 may comprise database(s), 
Internet/web site(s), or other electronic information 
repositories, and preferably resides on a central server or 
servers-which may or may not be the same as server 108, 

25 depending on the storage and bandwidth needs of the 
application and the resources available to the practitioner. 
Data source 110 may include multimedia content, such as 
movies or other digital video and audio content, other 
various forms of entertainment data, or other electronic 

30 information. The contents of data source 110 are 

35 

navigated-i.e., the contents are accessed and searched, for 
retrieval of the particular information desired by the user
using the processes of FIGS. 4 and 5 as described in greater 
detail below. 

FIG. 4 illustrates a process utilizing spoken natural lan- 40 
guage for navigating an electronic database in accordance 
with one embodiment of the present invention; 

Once the desired information has been retrieved from data 
source 110, it is electronically transmitted via network 106 
to the user for viewing on client display device 112. In a 
preferred embodiment well-suited for the home entertain
ment setting, display device 112 is a television monitor or 
similar audiovisual entertainment device, typically in sta
tionary position for comfortable viewing by users. In 
addition, in such preferred embodiment, display device 112 
is coupled to or integrated with a communications box 
(which is preferably the same as communications box 104, 

FIG. 5 illustrates a process for constructing a navigational 
query for accessing an online data source via an interactive, 
scripted (e.g., CGI) form; and 

FIG. 6 illustrates an embodiment of the present invention 
utilizing a community of distributed, collaborating elec
tronic agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. System Architecture 
a. Server-End Processing of Spoken Input 
FIG. la is an illustration of a data navigation system 

driven by spoken natural language input, in accordance with 
one embodiment of the present invention. As shown, a user's 
voice input data is captured by a voice input device 102, 
such as a microphone. Preferably voice input device 102 
includes a button or the like that can be pressed or held
down to activate a listening mode, so that the system need 
not continually pay attention to, or be confused by, irrelevant 
background noise. In one preferred embodiment well-suited 
for the home entertainment setting, voice input device 102 
is a portable remote control device with an integrated 
microphone, and the voice data is transmitted from device 
102 preferably via infrared (or other wireless) link to com
munications box 104 (e.g., a set-top box or a similar 

45 but may also be a separate unit) for receiving and decoding/ 
formatting the desired electronic information that is received 
across communications network 106. 

Network 106 is a two-way electronic communications 
network and may be embodied in electronic communication 

50 infrastructure including coaxial (cable television) lines, 
DSL, fiber-optic cable, traditional copper wire (twisted 
pair), or any other type of hardwired connection. Network 
106 may also include a wireless connection such as a 
satellite-based connection, cellular connection, or other type 

55 of wireless connection. Network 106 may be part of the 
Internet and may support TCP/IP communications, or may 
be embodied in a proprietary network, or in any other 
electronic communications network infrastructure, whether 
packet-switched or connection-oriented. A design consider-

60 ation is that network 106 preferably provide suitable band
width depending upon the nature of the content anticipated 
for the desired application. 

b. Client-End Processing of Spoken Input 
FIG. lb is an illustration of a data navigation system 

65 driven by spoken natural language input, in accordance with 
a second embodiment of the present invention. Again, a 
user's voice input data is captured by a voice input device 

DISH, Exh. 1006, p. 165

Petitioner Microsoft Corporation - Ex. 1008, p. 1118



US 6,523,061 Bl 
5 

102, such as a microphone. In the embodiment shown in 
FIG. lb, the voice data is transmitted from device 202 to 
requests processing logic 300, hosted on a local speech 
processor, for processing and interpretation. In the preferred 
embodiment illustrated in FIG. lb, the local speech proces- 5 

sor is conveniently integrated as part of communications box 
104, although implementation in a physically separate (but 
communicatively coupled) unit is also possible as will be 
readily apparent to those of skill in the art. The voice data is 
processed by the components of request processing logic 10 

300 in order to understand the user's request and construct 

6 
server-side processing architecture illustrated in FIG. la 
may be implemented by replacing voice input device 102, 
communications box 104, and client display device 112, 
with an integrated, mobile, information appliance 202 such 
as a cellular telephone or wireless personal digital assistant 
(wireless PDA). Mobile information appliance 202 essen
tially performs the functions of the replaced components. 
Thus, mobile information appliance 202 receives spoken 
natural language input requests from the user in the form of 
voice data, and transmits that data (preferably via wireless 
data receiving station 204) across communications network 
206 for server-side interpretation of the request, in similar 
fashion as described above in connection with FIG. 1. 
Navigation of data source 210 and retrieval of desired 

an appropriate query or request for navigation of remote data 
source 110, in accordance with the interpretation process 
exemplified in FIGS. 4 and 5 as discussed in greater detail 
below. 15 information likewise proceeds in an analogous manner as 

described above. Display information transmitted electroni
cally back to the user across network 206 is displayed for the 
user on the display of information appliance 202, and audio 

The resulting navigational query is then transmitted elec
tronically across network 106 to data source 110, which 
preferably resides on a central server or servers 108. As in 
FIG. la, data source 110 may comprise database(s), Internet/ 
web site(s), or other electronic information repositories, and 20 

preferably may include multimedia content, such as movies 
or other digital video and audio content, other various forms 
of entertainment data, or other electronic information. The 
contents of data source 110 are then navigated-i.e., the 
contents are accessed and searched, for retrieval of the 
particular information desired by the user-preferably using 
the process of FIGS. 4 and 5 as described in greater detail 
below. Once the desired information has been retrieved from 
data source 110, it is electronically transmitted via network 
106 to the user for viewing on client display device 112. 

In one embodiment in accordance with FIG. lb and 
well-suited for the home entertainment setting, voice input 
device 102 is a portable remote control device with an 
integrated microphone, and the voice data is transmitted 
from device 102 preferably via infrared (or other wireless) 
link to the local speech processor. The local speech proces
sor is coupled to communications network 106, and also 
preferably to client display device 112 (especially for pur
poses of query refinement transmissions, as discussed below 

information is output through the appliance's speakers. 
Practitioners will further appreciate, in light of the above 

teachings, that if mobile information appliance 202 is 
equipped with sufficient computational processing power, 
then a mobile variation of the client-side architecture exem
plified in FIG. 2 may similarly be implemented. In that case, 

25 the modules corresponding to request processing logic 300 
would be embodied locally in the computational resources 
of mobile information appliance 202, and the logical flow of 
data would otherwise follow in a manner analogous to that 

30 

previously described in connection with FIG. lb. 
As illustrated in FIG. 2, multiple users, each having their 

own client input device, may issue requests, simultaneously 
or otherwise, for navigation of data source 210. This is 
equally true (though not explicitly drawn) for the embodi
ments depicted in FIGS. la and lb. Data source 210 (or 

35 100), being a network accessible information resource, has 
typically already been constructed to support access requests 
from simultaneous multiple network users, as known by 
practitioners of ordinary skill in the art. In the case of 
server-side speech processing, as exemplified in FIGS. la 

40 and 2, the interpretation logic and error correction logic 
modules are also preferably designed and implemented to 
support queuing and multi-tasking of requests from multiple 
simultaneous network users, as will be appreciated by those 
of skill in the art. 

in connection with FIG. 4, step 412), and preferably may be 
integrated within or coupled to communications box 104. In 
addition, especially for purposes of a home entertainment 
application, display device 112 is preferably a television 
monitor or similar audiovisual entertainment device, typi
cally in stationary position for comfortable viewing by 45 

users. In addition, in such preferred embodiment, display 
device 112 is coupled to a communications box (which is 
preferably the same as communications box 104, but may 
also be a physically separate unit) for receiving and 
decoding/formatting the desired electronic information that 50 

is received across communications network 106. 

It will be apparent to those skilled in the art that additional 
implementations, permutations and combinations of the 
embodiments set forth in FIGS. la, lb, and 2 may be created 
without straying from the scope and spirit of the present 
invention. For example, practitioners will understand, in 
light of the above teachings and design considerations, that 
it is possible to divide and allocate the functional compo-

Design considerations favoring server-side processing 
and interpretation of spoken input requests, as exemplified 
in FIG. la, include minimizing the need to distribute costly 
computational hardware and software to all client users in 
order to perform speech and language processing. Design 
considerations favoring client-side processing, as exempli
fied in FIG. lb, include minimizing the quantity of data sent 
upstream across the network from each client, as the speech 
recognition is performed before transmission across the 
network and only the query data and/or request needs to be 
sent, thus reducing the upstream bandwidth requirements. 

c. Mobile Client Embodiment 

nents of request processing logic 300 between client and 
server. For example, speech recognition-in entirety, or 
perhaps just early stages such as feature extraction-might 

55 be performed locally on the client end, perhaps to reduce 
bandwidth requirements, while natural language parsing and 
other necessary processing might be performed upstream on 
the server end, so that more extensive computational power 
need not be distributed locally to each client. In that case, 

60 corresponding portions of request processing logic 300, such 
as speech recognition engine 310 or portions thereof, would 
reside locally at the client as in FIG. lb, while other 
component modules would be hosted at the server end as in 
FIGS. la and 2. A mobile computing embodiment of the present invention 

may be implemented by practitioners as a variation on the 65 

embodiments of either FIG. la or FIG. lb. For example, as 
depicted in FIG. 2, a mobile variation in accordance with the 

Further, practitioners may choose to implement the each 
of the various embodiments described above on any number 
of different hardware and software computing platforms and 
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environments and various combinations thereof, including, 
8 

language interpreter attempts to determine both the meaning 
of spoken words (semantic processing) as well as the 
grammar of the statement (syntactic processing), such as the 
Gemini Natural Language Understanding System developed 

by way of just a few examples: a general-purpose hardware 
microprocessor such as the Intel Pentium series; operating 
system software such as Microsoft Windows/CE, Palm OS, 
or Apple Mac OS (particularly for client devices and client
side processing), or Unix, Linux, or Windows/NT (the latter 
three particularly for network data servers and server-side 
processing), and/or proprietary information access platforms 
such as Microsoft's WebTV or the Diva Systems video-on
demand system. 

5 by SRI International. The Gemini system is described in 
detail in publications entitled "Gemini: AN atural Language 
System for Spoken-Language Understanding" and "Inter
leaving Syntax and Semantics in an Efficient Bottom-Up 
Parser," both of which are currently available online at 

2. Processing Methodology 
10 http://www.ai.sri.com/natural-language/projects/arpa-sls/ 

nat-lang.html. (Copies of those publications are also 
included in an information disclosure statement submitted 
herewith, and are incorporated herein by this reference). 

The present invention provides a spoken natural language 
interface for interrogation of remote electronic databases 
and retrieval of desired information. A preferred embodi
ment of the present invention utilizes the basic methodology 15 

outlined in the flow diagram of FIG. 4 in order to provide 
this interface. This methodology will now be discussed. 

a. Interpreting Spoken Natural Language Requests 
At step 402, the user's spoken request for information is 

initially received in the form of raw (acoustic) voice data by 20 

a suitable input device, as previously discussed in connec
tion with FIGS. 1-2. At step 404 the voice data received 
from the user is interpreted in order to understand the user's 
request for information. Preferably this step includes per
forming speech recognition in order to extract words from 25 

the voice data, and further includes natural language parsing 
of those words in order to generate a structured linguistic 
representation of the user's request. 

Speech recognition in step 404 is performed using speech 
recognition engine 310. A variety of commercial quality, 30 

speech recognition engines are readily available on the 
market, as practitioners will know. For example, Nuance 
Communications offers a suite of speech recognition 
engines, including Nuance 6, its current flagship product, 
and Nuance Express, a lower cost package for entry-level 35 

applications. As one other example, IBM offers the Via Voice 
speech recognition engine, including a low-cost shrink
wrapped version available through popular consumer distri
bution channels. Basically, a speech recognition engine 
processes acoustic voice data and attempts to generate a text 40 

stream of recognized words. 
Typically, the speech recognition engine is provided with 

a vocabulary lexicon of likely words or phrases that the 
recognition engine can match against its analysis of acous
tical signals, for purposes of a given application. Preferably, 45 

the lexicon is dynamically adjusted to reflect the current user 
context, as established by the preceding user inputs. For 
example, if a user is engaged in a dialogue with the system 
about movie selection, the recognition engine's vocabulary 
may preferably be adjusted to favor relevant words and 50 

phrases, such as a stored list of proper names for popular 
movie actors and directors, etc. Whereas if the current 
dialogue involves selection and viewing of a sports event, 
the engine's vocabulary might preferably be adjusted to 
favor a stored list of proper names for professional sports 55 

teams, etc. In addition, a speech recognition engine is 
provided with language models that help the engine predict 
the most likely interpretation of a given segment of acous
tical voice data, in the current context of phonemes or words 
in which the segment appears. In addition, speech recogni- 60 

tion engines often echo to the user, in more or less real-time, 
a transcription of the engine's best guess at what the user has 
said, giving the user an opportunity to confirm or reject. 

In a further aspect of step 404, natural language inter
preter (or parser) 320 linguistically parses and interprets the 65 

textual output of the speech recognition engine. In a pre
ferred embodiment of the present invention, the natural-

Briefly, Gemini applies a set of syntactic and semantic 
grammar rules to a word string using a bottom-up parser to 
generate a logical form, which is a structured representation 
of the context-independent meaning of the string. Gemini 
can be used with a variety of grammars, including general 
English grammar as well as application-specific grammars. 
The Gemini parser is based on "unification grammar," 
meaning that grammatical categories incorporate features 
that can be assigned values; so that when grammatical 
category expressions are matched in the course of parsing or 
semantic interpretation, the information contained in the 
features is combined, and if the feature values are incom
patible the match fails. 

It is possible for some applications to achieve a significant 
reduction in speech recognition error by using the natural
language processing system to re-score recognition hypoth
eses. For example, the grammars defined for a language 
parser like Gemini may be compiled into context-free gram-
mar that, in turn, can be used directly as language models for 
speech recognition engines like the Nuance recognizer. 
Further details on this methodology are provided in the 
publication "Combining Linguistic and Statistical Knowl
edge Sources in Natural-Language Processing for ATIS" 
which is currently available online through http:// 
www.ai.sri.com/natural-language/projects/arpa-sls/spnl
int.html. A copy of this publication is included in an infor
mation disclosure submitted herewith, and is incorporated 
herein by this reference. 

In an embodiment of the present invention that may be 
preferable for some applications, the natural language inter
preter "learns" from the past usage patterns of a particular 
user or of groups of users. In such an embodiment, the 
successfully interpreted requests of users are stored, and can 
then be used to enhance accuracy by comparing a current 
request to the stored requests, thereby allowing selection of 
a most probable result. 

b. Constructing Navigation Queries 
In step 405 request processing logic 300 identifies and 

selects an appropriate online data source where the desired 
information (in this case, current weather reports for a given 
city) can be found. Such selection may involve look-up in a 
locally stored table, or possibly dynamic searching through 
an online search engine, or other online search techniques. 
For some applications, an embodiment of the present inven
tion may be implemented in which only access to a particu
lar data source (such as a particular vendor's proprietary 
content database) is supported; in that case, step 405 may be 
trivial or may be eliminated entirely. 

Step 406 attempts to construct a navigation query, reflect
ing the interpretation of step 404. This operation is prefer
ably performed by query construction logic 330. 

A "navigation query" means an electronic query, form, 
series of menu selections, or the like; being structured 
appropriately so as to navigate a particular data source of 
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interest in search of desired information. In other words, a 
navigation query is constructed such that it includes what
ever content and structure is required in order to access 
desired information electronically from a particular database 
or data source of interest. 

10 
structed by scraping is used to navigate the online data 
source in step 408, the query effectively initiates the same 
scripted response as if a human user had visited the online 
site and had typed appropriate entries into the input fields of 

5 the online form. 
In the embodiment just described, scraping step 520 is 

preferably carried out with the assistance of an online 
extraction utility such as WebL. WebL is a scripting lan
guage for automating tasks on the World Wide Web. It is an 

10 imperative, interpreted language that has built-in support for 
common web protocols like HTTP and FTP, and popular 
data types like HTML and XML. WebL's implementation 
language is Java, and the complete source code is available 
from Compaq. In addition, step 520 is preferably performed 

For example, for many existing electronic databases, a 
navigation query can be embodied using a formal database 
query language such as Standard Query Language (SQL). 
For many databases, a navigation query can be constructed 
through a more user-friendly interactive front-end, such as a 
series of menus and/or interactive forms to be selected or 
filled in. SQL is a standard interactive and programming 
language for getting information from and updating a data
base. SQL is both an ANSI and an ISO standard. As is well 
known to practitioners, a Relational Database Management 
System (RDBMS), such as Microsoft's Access, Oracle's 
Oracle7, and Computer Associates' CA-Openingres, allow 
programmers to create, update, and administer a relational 
database. Practitioners of ordinary skill in the art will be 
thoroughly familiar with the notion of database navigation 20 

through structured query, and will be readily able to appre
ciate and utilize the existing data structures and navigational 
mechanisms for a given database, or to create such structures 
and mechanisms where desired. 

15 dynamically when necessary-in other words, on-the-fly in 
response to a particular user query-but in some applica
tions it may be possible to scrape relatively stable 
(unchanging) web sites of likely interest in advance and to 
cache the resulting template information. 

It will be apparent, in light of the above teachings, that 
preferred embodiments of the present invention can provide 
a spoken natural language interface atop an existing, non
voice data navigation system, whereby users can interact by 
means of intuitive natural language input not strictly con-

In accordance with the present invention, the query con
structed in step 406 must reflect the user's request as 
interpreted by the speech recognition engine and the NL 
parser in step 404. In embodiments of the present invention 
wherein data source 110 (or 210 in the corresponding 
embodiment of FIG. 2) is a structured relational database or 
the like, step 406 of the present invention may entail 
constructing an appropriate Structured Query Language 
(SQL) query or the like, or automatically filling out a 
front-end query form, series of menus or the like, as 
described above. 

In many existing Internet (and Intranet) applications, an 
online electronic data source is accessible to users only 
through the medium of interaction with a so-called Common 
Gateway Interface (CGI) script. Typically the user who 
visits a web site of this nature must fill in the fields of an 
online interactive form. The online form is in turn linked to 
a CGI script, which transparently handles actual navigation 
of the associated data source and produces output for 
viewing by the user's web browser. In other words, direct 
user access to the data source is not supported, only medi
ated access through the form and CGI script is offered. 

25 forming to the linear browsing architecture or other artifacts 
of an existing menu/text/click navigation system. For 
example, users of an appropriate embodiment of the present 
invention for a video-on-demand application can directly 
speak the natural request: "Show me the movie 

30 'Unforgiven"'-instead of walking step-by-step through a 
typically linear sequence of genre/title/actor/director menus, 
scrolling and selecting from potentially long lists on each 
menu, or instead of being forced to use an alphanumeric 
keyboard that cannot be as comfortable to hold or use as a 

35 lightweight remote control. Similarly, users of an appropri
ate embodiment of the present invention for a web-surfing 
application in accordance with the process shown in FIG. 5 
can directly speak the natural request: "Show me a one
month price chart for Microsoft stock"-instead of poten-

40 tially having to navigate to an appropriate web site, search 
for the right ticker symbol, enter/select the symbol, and 
specify display of the desired one-month price chart, each of 
those steps potentially involving manual navigation and data 
entry to one or more different interaction screens. (Note that 

45 these examples are offered to illustrate some of the potential 
benefits offered by appropriate embodiments of the present 
invention, and not to limit the scope of the invention in any 
respect.) 

For applications of this nature, an advantageous embodi
ment of the present invention "scrapes" the scripted online 
site where information desired by a user may be found in 
order to facilitate construction of an effective navigation 50 

query. For example, suppose that a user's spoken natural 
language request is: "What's the weather in Miami?" After 
this request is received at step 402 and interpreted at step 
404, assume that step 405 determines that the desired 
weather information is available online through the medium 

c. Error Correction 
Several problems can arise when attempting to perform 

searches based on spoken natural language input. As indi
cated at decision step 407 in the process of FIG. 4, certain 
deficiencies may be identified during the process of query 
construction, before search of the data source is even 

55 attempted. For example, the user's request may fail to 
specify enough information in order to construct a naviga
tion query that is specific enough to obtain a satisfactory 
search result. For example, a user might orally request 
"what's the weather? " whereas the national online data 

of a CGI-scripted interactive form. Step 406 is then prefer
ably carried out using the expanded process diagrammed in 
FIG. 5. In particular, at sub-step 520, query construction 
logic 330 electronically "scrapes" the online interactive 
form, meaning that query construction logic 330 automati
cally extracts the format and structure of input fields 
accepted by the online form. At sub-step 522, a navigation 
query is then constructed by instantiating (filling in) the 
extracted input format---essentially an electronic template
in a manner reflecting the user's request for information as 
interpreted in step 404. The flow of control then returns to 
step 407 of FIG. 4. Ultimately, when the query thus con-

60 source identified in step 405 and scraped in step 520 might 
require specifying a particular city. 

Additionally, certain deficiencies and problems may arise 
following the navigational search of the data source at step 
408, as indicated at decision step 409 in FIG. 4. For 

65 example, with reference to a video-on-demand application, 
a user may wish to see the movie "Unforgiven",but perhaps 
the user can't recall name of the film, but knows it was 
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directed by and starred actor Clint Eastwood. A typical 
video-on-demand database might indeed be expected to 
allow queries specifying the name of a leading actor and/or 
director, but in the case of this query-as in many cases
that will not be enough to narrow the search to a single film, 5 

and additional user input in some form is required. 

satisfy the user's stated constraints. The user can then 
preferably use a relatively convenient input modality, such 
as buttons on the remote control, to select the desired title 
from the menu. In a further preferred embodiment, the first 
title on the list is highlighted by default, so that the user can 
simply press an "OK" button to choose that selection. In a 

In the event that one or more deficiencies in the user's 
spoken request, as processed, result in the problems 
described, either at step 407 or 409, some form of error 
handling is in order. A straightforward, crude technique 
might be for the system to respond simply "input not 
understood/insufficient, please try again." However, that 
approach will likely result in frustrated users, and is not 
optimal or even acceptable for most applications. Instead, a 
preferred technique in accordance with the present invention 
handles such errors and deficiencies in user input at step 412, 
whether detected at step 407 or step 409, by soliciting 
additional input from the user in a manner taking advantage 

further preferred feature, the user can mix input modalities 
by speaking a response like "I want number one on the list." 
Alternatively, the user can preferably say, "Let's see 

10 Unforgiven," having now been reminded of the title by the 
menu display. 

Utilizing the user's supplemental input, request process
ing logic 300 iterates again through steps 404 and 406, this 
time constructing a fully-specified query that specifically 

15 requests the Eastwood film "Unforgiven." Step 408 navi
gates the data source using that query and retrieves the 
desired film, which is then electronically transmitted in step 
410 from network server 108 to client display device 112 via 
communications network 106. of the partial construction already performed and via user 

interface modalities in addition to spoken natural language 20 

("multi-modality"). This supplemental interaction is prefer
ably conducted through client display device 112 (202, in the 
embodiment of FIG. 2), and may include textual, graphical, 
audio and/or video media. Further details and examples are 
provided below. Query refinement logic 340 preferably 
carries out step 412. The additional input received from the 
user is fed into and augments interpreting step 404, and 
query construction step 406 is likewise repeated with the 
benefit of the augmented interpretation. These operations, 
and subsequent navigation step 408, are preferably repeated 
until no remaining problems or deficiencies are identified at 
decision points 407 or 409. Further details and examples for 
this query refinement process are provided immediately 
below. 

Now consider again the example in which the user of a 
web surfing application wants to know his or her local 
weather, and simply asks, "what's the weather?" At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an online web site providing current 

25 weather information for major cities around the world is 
selected. At step 406 and sub-step 520, the online site is 
scraped using a WebL-style tool to extract an input template 
for interacting with the site. At sub-step 522, query con
struction logic 330 attempts to construct a navigation query 

30 by instantiating the input template, but determines (quite 
rightly) that a required field-name of city-cannot be 
determined from the user's spoken request as interpreted in 
step 404. Step 407 detects this deficiency, and in step 412 
query refinement logic 340 preferably generates output for 

Consider again the example in which the user of a 
video-on-demand application wishes to see "Unforgiven" 
but can only recall that it was directed by and starred Clint 
Eastwood. First, it bears noting that using a prior art navi
gational interface, such as a conventional menu interface, 
will likely be relatively tedious in this case. The user can 
proceed through a sequence of menus, such as Genre (select 
"western"), Title (skip), Actor ("Clint Eastwood"), and 
Director ("Clint Eastwood"). In each case---especially for 
the last two items-the user would typically scroll and select 
from fairly long lists in order to enter his or her desired 
name, or perhaps use a relatively couch-unfriendly keypad 
to manually type the actor's name twice. 

Using a preferred embodiment of the present invention, 
the user instead speaks aloud, holding remote control micro
phone 102, "I want to see that movie starring and directed 
by Clint Eastwood. Can't remember the title." At step 402 
the voice data is received. At step 404 the voice data is 
interpreted. At step 405 an appropriate online data source is 
selected (or perhaps the system is directly connected to a 
proprietary video-on-demand provider). At step 406 a query 

35 client display device 112 soliciting the necessary supple
mental input. In a preferred embodiment, the output might 
display the name of the city where the user is located 
highlighted by default. The user can then simply press an 
"OK" button---{)r perhaps mix modalities by saying "yes, 

40 exactly" -to choose that selection. A preferred embodiment 
would further display an alphabetical scrollable menu listing 
other major cities, and/or invite the user to speak or select 
the name of the desired city. 

Here again, utilizing the user's supplemental input, 
45 request processing logic 300 iterates through steps 404 and 

406. This time, in performing sub-step 520, a cached version 
of the input template already scraped in the previous itera
tion might preferably be retrieved. In sub-step 522, query 
construction logic 330 succeeds this time in instantiating the 

50 input template and constructing an effective query, since the 
desired city has now been clarified. Step 408 navigates the 
data source using that query and retrieves the desired 
weather information, which is then electronically transmit
ted in step 410 from network server 108 to client display 

55 device 112 via communications network 106. 
is automatically constructed by the query construction logic 
330 specifying "Clint Eastwood" in both the actor and 
director fields. Step 407 detects no obvious problems, and so 
the query is electronically submitted and the data source is 
navigated at step 408, yielding a list of several records 60 

satisfying the query (e.g., "Unforgiven","True Crime", 
"Absolute Power",etc.). Step 409 detects that additional user 
input is needed to further refine the query in order to select 

It is worth noting that in some instances, there may be 
details that are not explicitly provided by the user, but that 
query construction logic 330 or query refinement logic 340 
may preferably deduce on their own through reasonable 
assumptions, rather than requiring the use to provide explicit 
clarification. For example, in the example previously 
described regarding a request for a weather report, in some 
applications it might be preferable for the system to simply 
assume that the user means a weather report for his or her 
home area and to retrieve that information, if the cost of 
doing so is not significantly greater than the cost of asking 
the user to clarify the query. Making such an assumption 

a particular film for viewing. 
At that point, in step 412 query refinement logic 340 65 

might preferably generate a display for client display device 
112 showing the (relatively short) list of film titles that 
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might be even more strongly justified in a preferred 
embodiment, as described earlier, where user histories are 
tracked, and where such history indicates that a particular 
user or group of users typically expect local information 
when asking for a weather forecast. At any rate, in the event 5 

such an assumption is made, if the user actually intended to 
request the weather for a different city, the user would then 
need to ask his or her question again. It will be apparent to 
practitioners, in light of the above teachings, that the choice 
of whether to program query construction logic 330 and 10 

query refinement logic 340 to make make particular assump
tions will typically involve trade-offs involving user con
veience that can be assessed in the context of specific 
applications. 
3. Open Agent Architecture™ (OAA®) 

Open Agent Architecture™(OAA®) is a software 
platform, developed by the assignee of the present invention, 
that enables effective, dynamic collaboration among com
munities of distributed electronic agents. OAA is described 

15 

in greater detail in co-pending U.S. patent application Ser. 20 

No. 09/225,198, which has been incorporated herein by 
reference. Very briefly, the functionality of each client agent 

14 
www.ai.sri.com/-lesaf/commandtalk.html and in the follow
ing publications, copies of which are provided in an Infor
mation Disclosure Statement submitted herewith and 
incorporated herein by this reference: 

"CommandTalk: A Spoken-Language Interface for Battle
field Simulations", 1997, by Robert Moore, John 
Dowding, Harry Bratt, J. Mark Gawron, Yonael Gorfu 
and Adam Cheyer, in "Proceedings of the Fifth Con
ference on Applied Natural Language Processing", 
Washington, D.C., pp. 1-7, Association for Computa
tional Linguistics 

"The CommandTalk Spoken Dialogue System", 1999, by 
Amanda Stent, John Dowding, Jean Mark Gawron, 
Elizabeth Owen Bratt and Robert Moore, in "Proceed
ings of the Thirty-Seventh Annual Meeting of the 
ACL", pp. 183-190, University of Maryland, College 
Park, Md., Association for Computational Linguistics 

"Interpreting Language in Context in Command Talk", 
1999, by John Dowding and Elizabeth Owen Bratt and 
Sharon Goldwater, in "Communicative Agents: The 
Use of Natural Language in Embodied Systems", pp. 
63-67, Association for Computing Machinery (ACM) 
Special Interest Group on Artificial Intelligence 
(SIGART), Seattle, Wash. 

For some applications and systems, OAA can provide an 
advantageous platform for constructing embodiments of the 
present invention. For example, a representative application 
is now briefly presented, with reference to FIG. 6. If the 
statement "show me movies starring John Wayne" is spoken 

is made available to the agent community through registra
tion of the client agent's capabilities with a facilitator. A 
software "wrapper" essentially surrounds the underlying 25 

application program performing the services offered by each 
client. The common infrastructure for constructing agents is 
preferably supplied by an agent library. The agent library is 
preferably accessible in the runtime environment of several 
different programming languages. The agent library prefer
ably minimizes the effort required to construct a new system 
and maximizes the ease with which legacy systems can be 
"wrapped" and made compatible with the agent-based archi
tecture of the present invention. When invoked, a client 
agent makes a connection to a facilitator, which is known as 

30 into the voice input device, the voice data for this request 
will be sent by UI agent 650 to facilitator 600, which in turn 
will ask natural language (NL) agent 620 and speech rec
ognition agent 610 to interpret the query and return the 
interpretation in ICL format. The resulting ICL goal expres-

its parent facilitator. Upon connection, an agent registers 
with its parent facilitator a specification of the capabilities 
and services it can provide, using a highlevel, declarative 
Interagent Communication Language ("ICL") to express 
those capabilities. Tasks are presented to the facilitator in the 
form of ICL goal expressions. When a facilitator determines 
that the registered capabilities of one of its client agents will 
help satisfy a current goal or sub-goal thereof, the facilitator 
delegates that sub-goal to the client agent in the form of an 
ICL request. The client agent processes the request and 
returns answers or information to the facilitator. In process
ing a request, the client agent can use ICL to request services 
of other agents, or utilize other infrastructure services for 
collaborative work. The facilitator coordinates and inte
grates the results received from different client agents on 
various sub-goals, in order to satisfy the overall goal. 

OAA provides a useful software platform for building 
systems that integrate spoken natural language as well as 
other user input modalities. For example, see the above
referenced co-pending patent application, especially FIG. 13 
and the corresponding discussion of a "multi-modal maps" 
application, and FIG. 12 and the corresponding discussion of 
a "unified messaging" application. Another example is the 
InfoWiz interactive information kiosk developed by the 
assignee and described in the document entitled "Info Wiz: 
An Animated Voice Interactive Information System" avail
able online at http://www.ai.sri.com/-oaa/applications.html. 
A copy of the Info Whiz document is provided in an Infor
mation Disclosure Statement submitted herewith and incor-

35 sion is then routed by the facilitator to appropriate agents
in this case, video-on-demand database agent 640-to 
execute the request. Video database agent 640 preferably 
includes or is coupled to an appropriate embodiment of 
query construction logic 330 and query refinement logic 

40 340, and may also issue ICL requests to facilitator 600 for 
additional assistance--e.g., display of menus and capture of 
additional user input in the event that query refinement is 
needed-and facilitator 600 will delegate such requests to 
appropriate client agents in the community. When the 

45 desired video content is ultimately retrieved by video data
base agent 640, UI agent 650 is invoked by facilitator 600 
to display the movie. 

Other spoken user requests, such as a request for the 
current weather in New York City or for a stock quote, 

50 would eventually lead facilitator to invoke web database 
agent 630 to access the desired information from an appro
priate Internet site. Here again, web database agent 630 
preferably includes or is coupled to an appropriate embodi
ment of query construction logic 330 and query refinement 

55 logic 340, including a scraping utility such as WebL. Other 
spoken requests, such as a request to view recent emails or 
access voice mail, would lead the facilitator to invoke the 
appropriate email agent 660 and/or telephone agent 680. A 
request to record a televised program of interest might lead 

60 facilitator 600 to invoke web database agent 630 to return 
televised program schedule information, and then invoke 
VCR controller agent 680 to program the associated VCR 
unit to record the desired television program at the sched
uled time. 

porated herein by this reference. A further example is the 65 

"CommandTalk" application developed by the assignee for 
the U.S. military, as described online at http:// 

Control and connectivity embracing additional electronic 
home appliances (e.g., microwave oven, home surveillance 
system, etc.) can be integrated in comparable fashion. 
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the navigation query to select a portion of the electronic 
data source; and 

( e) a code segment that invokes a user interface agent for 
outputting the selected portion of the electronic data 
source to the user, wherein a facilitator manages data 
flow among multiple agents and maintains a registra-
tion of each of said agents' capabilities. 

Indeed, an advantage of OAA-based embodiments of the 
present invention, that will be apparent to practitioners in 
light of the above teachings and in light of the teachings 
disclosed in the cited co-pending patent applications, is the 
relative ease and flexibility with which additional service 5 

agents can be plugged into the existing platform, immedi
ately enabling the facilitator to respond dynamically to 
spoken natural language requests for the corresponding 8. The computer program of claim 7, wherein the code 

segment that renders the interpretation of the spoken request 
10 is executed by an agent. 

services. 
4. Further Embodiments and Equivalents 

9. The computer program of claim 7, wherein a speech 
recognition agent and a parsing agent execute the code 
segment that renders the interpretation of the spoken 
request. 

While the present invention has been described in terms 
of several preferred embodiments, there are many 
alterations, permutations, and equivalents that may fall 
within the scope of this invention. It should also be noted 
that there are many alternative ways of implementing the 
methods and apparatuses of the present invention. It is 
therefore intended that the following appended claims be 
interpreted as including all such alterations, permutations, 
and equivalents as fall within the true spirit and scope of the 
present invention. 

15 
10. The computer program of claim 7, further comprising 

a code segment that solicits additional input from the user, 
including user interaction in a modality different than the 
original request; and a code segment that refines the navi
gation query, based upon the additional input; wherein the at 
least one agent uses the refined navigation query to select a 

What is claimed is: 20 portion of the electronic data source. 

1. A method for utilizing agents for speech-based navi
gation of an electronic data source, comprising the steps of: 

(a) receiving a spoken request for desired information 
from a user; 

(b) rendering an interpretation of the spoken request; 

(c) constructing a navigation query based upon the inter
pretation; 

25 

11. The computer program of claim 10, wherein a solicitor 
agent executes the code segment that solicit the additional 
input from the user and a refining agent executes the code 
segment that refines the navigation query. 

12. The computer program of claim 7, wherein the elec
tronic data source is a web page, wherein the at least one 
agent scrapes the web page for selecting a portion of the web 
page. 

( d) routing the navigation query to at least one agent, 
wherein the at least one agent utilizes the navigation 
query to select a portion of the electronic data source; 
and 

13. A system for utilizing agents for speech-based navi-
30 gation of an electronic data source, comprising the steps of: 

( e) invoking a user interface agent for outputting the 
selected portion of the electronic data source to the 
user, wherein a facilitator manages data flow among 35 

multiple agents and maintains a registration of each of 
said agents' capabilities. 

2. The method of claim 1, wherein an agent renders the 
interpretation of the spoken request. 

3. The method of claim 1, wherein the step of rendering 40 

the interpretation of the spoken request is performed by a 
speech recognition agent and a parsing agent. 

(a) a client device, operable to receive a spoken request 
for desired information from a user; (b) spoken lan
guage processing logic, operable to render an interpre
tation of the spoken request; 

( c) query construction logic, operable to construct a 
navigation query based upon the interpretation; 

( d) routing logic, operable to route the navigation query to 
at least one agent, wherein the at least one agent utilizes 
the navigation query to select a portion of the electronic 
data source; and 

( e) invoking logic, operable to invoke a user interface 
agent for outputting the selected portion of the elec
tronic data source to the user, Wherein a facilitator 
manages data flow among multiple agents and main
tains a registration of each of said agents' capabilities. 

14. The system of claim 13, wherein the query construc-
tion logic that renders the interpretation of the spoken 
request is executed by an agent. 

4. The method of claim 1, further comprising the steps of 
soliciting additional input from the user, including user 
interaction in a modality different than the original request; 45 

and refining the navigation query, based upon the additional 
input; wherein the at least one agent uses the refined 
navigation query to select a portion of the electronic data 
source. 15. The system of claim 13, wherein a speech recognition 

50 agent and a parsing agent execute the spoken language 
processing logic that renders the interpretation of the spoken 
request. 

5. The method of claim 4, wherein agents are utilized for 
performing the steps of soliciting additional input from the 
user and refining the navigation query. 

6. The method of claim 1, wherein the electronic data 
source is a web page, wherein the at least one agent scrapes 
the web page for selecting a portion of the web page. 

7. A computer program embodied on a computer readable 
medium for utilizing agents for speech-based navigation of 
an electronic data source, comprising the steps of: 

(a) a code segment that receives a spoken request for 
desired information from a user; 

(b) a code segment that renders an interpretation of the 
spoken request; 

(c) a code segment that constructs a navigation query 
based upon the interpretation; 

16. The system of claim 13, further comprising user 
interaction logic operable to solicit additional input from the 

55 user, including user interaction in a modality different than 
the original request; and query refining logic operable to 
refine the navigation query, based upon the additional input; 
wherein the at least one agent uses the refined navigation 
query to select a portion of the electronic data source. 

17. The system of claim 16, wherein a solicitor agent 
60 executes the user interaction logic and a refining agent 

executes the query refinement logic. 
18. The system of in claim 13, wherein the electronic data 

source is a web page, wherein the at least one agent scrapes 
the web page for selecting a portion of the web page. 

(d) a code segment that routes the navigation query to at 65 

least one agent, wherein the at least one agent utilizes * * * * * 
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SOFTWARE-BASED ARCHITECTURE FOR 
COMMUNICATION AND COOPERATION 

AMONG DISTRIBUTED ELECTRONIC 
AGENTS 

2 
documents, and audio and video streams. With the popular
ization of programming languages such as JAVA, data 
transported between local and remote machines may also 
include programs that can be downloaded and executed on 

5 the local machine. There is an ever increasing reliance on 
networked computing, necessitating software design 
approaches that allow for flexible composition of distributed 
processing elements in a dynamically changing and rela-

A compact disk containing a computer program listing 
has been provided in duplicate (copy 1 and copy 2 of the 
compact disk are identical). The computer program listing in 
the compact disk is incorporated by reference herein. The 
compact disk contains files with their names, size and date 10 

of creation as follow: 

tively unstable environment. 
In an increasing variety of domains, application designers 

and users are coming to expect the deployment of smarter, 
longer-lived, more autonomous, software applications. Push 
technology, persistent monitoring of information sources, 
and the maintenance of user models, allowing for person-

File Name Size Creation Date Last Date 

oaa.pl 159,613 bytes 1996/10/08 1998/12/23 
fac.pl 52, 733 bytes 1997/04/24 1998/05/06 
compound.pl 42,937 bytes 1996/12/11 1998/04/10 
com_tcp.pl 18,010 bytes 1998/02/10 1998/05/06 
translations. pl 19 ,583 bytes 1998/01/29 1998/12/23 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to distributed computing 

environments and the completion of tasks within such 
environments. In particular, the present invention teaches a 
variety of software-based architectures for communication 
and cooperation among distributed electronic agents. Cer
tain embodiments teach interagent communication lan
guages enabling client agents to make requests in the form 
of arbitrarily complex goal expressions that are solved 
through facilitation by a facilitator agent. 
Context and Motivation for Distributed Software Systems 

The evolution of models for the design and construction 
of distributed software systems is being driven forward by 
several closely interrelated trends: the adoption of a net
worked computing model, rapidly rising expectations for 
smarter, longer-lived, more autonomous software applica
tions and an ever increasing demand for more accessible and 
intuitive user interfaces. 

15 alized responses and sharing of preferences, are examples of 
the simplest manifestations of this trend. Commercial enter
prises are introducing significantly more advanced 
approaches, in many cases employing recent research results 
from artificial intelligence, data mining, machine learning, 

20 and other fields. 
More than ever before, the increasing complexity of 

systems, the development of new technologies, and the 
availability of multimedia material and environments are 
creating a demand for more accessible and intuitive user 

25 interfaces. Autonomous, distributed, multi-component sys
tems providing sophisticated services will no longer lend 
themselves to the familiar "direct manipulation" model of 
interaction, in which an individual user masters a fixed 
selection of commands provided by a single application. 

30 Ubiquitous computing, in networked environments, has 
brought about a situation in which the typical user of many 
software services is likely to be a non-expert, who may 
access a given service infrequently or only a few times. 
Accommodating such usage patterns calls for new 

35 approaches, fortunately, input modalities now becoming 
widely available, such as speech recognition and pen-based 
handwriting/gesture recognition, and the ability to manage 
the presentation of systems' responses by using multiple 
media provide an opportunity to fashion a style of human-

40 computer interaction that draws much more heavily on our 
experience with human-human interactions. 

Prior Art FIG. 1 illustrates a networked computing model 
100 having a plurality of client and server computer systems 
120 and 122 coupled together over a physical transport 
mechanism 140. The adoption of the networked computing 45 

model 100 has lead to a greatly increased reliance on 
distributed sites for both data and processing resources. 
Systems such as the networked computing model 100 are 
based upon at least one physical transport mechanism 140 
coupling the multiple computer systems 120 and 122 to 50 

support the transfer of information between these comput-

2. Prior Related Art 
Existing approaches and technologies for distributed 

computing include to distributed objects, mobile objects, 
blackboard-style architectures, and agent-based software 
engineering. 
The Distributed Object Approach 

Object-oriented languages, such as C++ or JAVA, provide 
significant advances over standard procedural languages 
with respect to the reusability and modularity of code: 
encapsulation, inheritance and polymorhpism. Encapsula-

ers. 
Some of these computers basically support using the 

network and are known as client computers (clients). Some 
of these computers provide resource to other computers and 
are known as server computers (servers). The servers 122 
can vary greatly in the resources they possess, access they 
provide and services made available to other computers 
across a network. Servers may service other servers as well 
as clients. 

The Internet is a computing system based upon this 
network computing model. The Internet is continually 
growing, stimulating a paradigm shift for computing away 
from requiring all relevant data and programs to reside on 
the user's desktop machine. The data now routinely accessed 
from computers spread around the world has become 
increasingly rich in format, comprising multimedia 

tion encourages the creation of library interfaces that mini
mize dependencies on underlying algorithms or data struc
tures. Changes to programming internals can be made at a 

55 later date with requiring modifications to the code that uses 
the library. Inheritance permits the extension and modifica
tion of a library of routines and data without requiring source 
code to the original library. Polymorphism allows one body 
of code to work on an arbitrary number of data types. For the 

60 sake of simplicity traditional objects may be seen to contain 
both methods and data. Methods provide the mechanisms by 
which the internal state of an object may be modified or by 
which communication may occur with another object or by 
which the instantiation or removal of objects may be 

65 directed. 
With reference to FIG. 2, a distributed object technology 

based around an Object Request Broker will now be 
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described. Whereas "standard" object-oriented program
ming (OOP) languages can be used to build monolithic 
programs out of many object building blocks, distributed 
object technologies (DOOP) allow the creation of programs 
whose components may be spread across multiple machines. 5 

As shown in FIG. 2, an object system 200 includes client 
objects 210 and server objects 220. To implement a client
server relationship between objects, the distributed object 
system 200 uses a registry mechanism (CORBA's registry is 
called an object Request Broker, or ORB) 230 to store the 10 

interface descriptions of available objects. Through the 
services of the ORB 230, a client can transparently invoke 

4 
Blackboard Architectures 

Blackboard architectures typically allow multiple pro-
cesses to communicate by reading and writing tuples from a 
global data store. Each process can watch for items of 
interest, perform computations based on the state of the 
blackboard, and then add partial results or queries that other 
processes can consider. Blackboard architectures provide a 
flexible framework for problem solving by a dynamic com
munity of distributed processes. A blackboard architecture 
provides one solution to eliminating the tightly bound inter
action links that some of the other distributed technologies 
require during interprocess communication. This advantage 
can also be a disadvantage: although a programmer does not 
need to refer to a specific process during computation, the 
framework does not provide programmatic control for doing 
so in cases where this would be practical. 
Agent-based Software Engineering 

Several research communities have approached distrib
uted computing by casting it as a problem of modeling 

a method on a remote server object. The ORB 230 is then 
responsible for finding the object 220 that can implement the 
request, passing it the parameters, invoking its method, and 15 

returning the results. In the most sophisticated systems, the 
client 210 does not have to be aware of where the object is 
located, its programming language, its operating system, or 
any other system aspects that are not part of the server 
object's interface. 20 communication and cooperation among autonomous 

entities, or agents. Effective communication among inde
pendent agents requires four components: (1) a transport 
mechanism carrying messages in an asynchronous fashion, 

Although distributed objects offer a powerful paradigm 
for creating networked applications, certain aspects of the 
approach are not perfectly tailored to the constantly chang
ing environment of the Internet. A major restriction of the 
DOOP approach is that the interactions among objects are 25 

fixed through explicitly coded instructions by the applica
tion developer. It is often difficult to reuse an object in a new 
application without bringing along all its inherent depen
dencies on other objects (embedded interface definitions and 
explicit method calls). Another restriction of the DOOP 30 

approach is the result of its reliance on a remote procedure 
call (RPC) style of communication. Although easy to debug, 
this single thread of execution model does not facilitate 
programming to exploit the potential for parallel computa
tion that one would expect in a distributed environment. In 35 

addition, RPC uses a blocking (synchronous) scheme that 
does not scale well for high-volume transactions. 
Mobile Objects 

Mobile objects, sometimes called mobile agents, are bits 
of code that can move to another execution site (presumably 40 

on a different machine) under their own programmatic 
control, where they can then interact with the local envi
ronment. For certain types of problems, the mobile object 
paradigm offers advantages over more traditional distributed 
object approaches. These advantages include network band- 45 

width and parallelism. Network bandwidth advantages exist 
for some database queries or electronic commerce 
applications, where it is more efficient to perform tests on 
data by bringing the tests to the data than by bringing large 
amounts of data to the testing program. Parallelism advan- 50 

tages include situations in which mobile agents can be 
spawned in parallel to accomplish many tasks at once. 

Some of the disadvantages and inconveniences of the 
mobile agent approach include the programmatic specificity 
of the agent interactions, lack of coordination support 55 

between participant agents and execution environment 
irregularities regarding specific programming languages 
supported by host processors upon which agents reside. In a 
fashion similar to that of DOOP programming, an agent 
developer must programmatically specify where to go and 60 

how to interact with the target environment. There is gen
erally little coordination support to encourage interactions 
among multiple (mobile) participants. Agents must be writ
ten in the programming language supported by the execution 
environment, whereas many other distributed technologies 65 

support heterogeneous communities of components, written 
in diverse programming languages. 

(2) an interaction protocol defining various types of com
munication interchange and their social implications (for 
instance, a response is expected of a question), (3) a content 
language permitting the expression and interpretation of 
utterances, and ( 4) an agreed-upon set of shared vocabulary 
and meaning for concepts often called an ontology). Such 
mechanisms permit a much richer style of interaction among 
participants than can be expressed using a distributed 
object's RPC model or a blackboard architecture's central
ized exchange approach. 

Agent-based systems have shown much promise for 
flexible, fault-tolerant, distributed problem solving. Several 
agent-based projects have helped to evolve the notion of 
facilitation. However, existing agent-based technologies and 
architectures are typically very limited in the extent to which 
agents can specify complex goals or influence the strategies 
used by the facilitator. Further, such prior systems are not 
sufficiently attuned to the importance of integrating human 
agents (i.e., users) through natural language and other 
human-oriented user interface technologies. 

The initial version of SRI International's Open Agent 
Architecture TM ("OAA®") technology provided only a very 
limited mechanism for dealing with compound goals. Fixed 
formats were available for specifying a fiat list of either 
conjoined (AND) sub-goals or disjoined (OR) sub-goals; in 
both cases, parallel goal solving was hard-wired in, and only 
a single set of parameters for the entire list could be 
specified. More complex goal expressions involving (for 
example) combinations of different boolean connectors, 
nested expressions, or conditionally interdependent ("IF ... 
THEN") goals were not supported. Further, system scalabil
ity was not adequately addressed in this prior work. 

SUMMARY OF INVENTION 

A first embodiment of the present invention discloses a 
highly flexible, software-based architecture for constructing 
distributed systems. The architecture supports cooperative 
task completion by flexible, dynamic configurations of 
autonomous electronic agents. Communication and coop
eration between agents are brokered by one or more 
facilitators, which are responsible for matching requests, 
from users and agents, with descriptions of the capabilities 
of other agents. It is not generally required that a user or 
agent know the identities, locations, or number of other 
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agents involved in satisfying a request, and relatively mini
mal effort is involved in incorporating new agents and 
"wrapping" legacy applications. Extreme flexibility is 
achieved through an architecture organized around the dec
laration of capabilities by service-providing agents, the 5 
construction of arbitrarily complex goals by users and 
service-requesting agents, and the role of facilitators in 
delegating and coordinating the satisfaction of these goals, 
subject to advice and constraints that may accompany them. 
Additional mechanisms and features include facilities for 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 3 illustrates a distributed agent system 300 in accor
dance with one embodiment of the present invention. The 
agent system 300 includes a facilitator agent 310 and a 
plurality of agents 320. The illustration of FIG. 3 provides 
a high level view of one simple system structure contem
plated by the present invention. The facilitator agent 310 is 
in essence the "parent" facilitator for its "children" agents 
320. The agents 320 forward service requests to the facili
tator agent 310. The facilitator agent 310 interprets these 
requests, organizing a set of goals which are then delegated 
to appropriate agents for task completion. 

creating and maintaining shared repositories of data; the use 
of triggers to instantiate commitments within and between 
agents; agent-based provision of multi-modal user 
interfaces, including natural language; and built-in support 
for including the user as a privileged member of the agent 
community. Specific embodiments providing enhanced scal
ability are also described. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Prior Art 

Prior Art FIG. 1 depicts a networked computing model; 
Prior Art FIG. 2 depicts a distributed object technology 

based around an Object Resource Broker; 
Examples of the Invention 
FIG. 3 depicts a distributed agent system based around a 

facilitator agent; 
FIG. 4 presents a structure typical of one small system of 

the present invention; 
FIG. 5 depicts an Automated Office system implemented 

in accordance with an example embodiment of the present 
invention supporting a mobile user with a laptop computer 
and a telephone; 

FIG. 6 schematically depicts an Automated Office system 
implemented as a network of agents in accordance with a 
preferred embodiment of the present invention; 

FIG. 7 schematically shows data structures internal to a 
facilitator in accordance with a preferred embodiment of the 
present invention; 

FIG. 8 depicts operations involved in instantiating a client 
agent with its parent facilitator in accordance with a pre
ferred embodiment of the present invention; 

FIG. 9 depicts operations involved in a client agent 
initiating a service request and receiving the response to that 
service request in accordance with a certain preferred 
embodiment of the present invention; 

FIG. 10 depicts operations involved in a client agent 
responding to a service request in accordance with another 
preferable embodiment of the present invention; 

FIG. 11 depicts operations involved in a facilitator agent 
response to a service request in accordance with a preferred 
embodiment of the present invention; 

FIG. 12 depicts an Open Agent Architecture™ based 
system of agents implementing a unified messaging appli
cation in accordance with a preferred embodiment of the 
present invention; 

10 

The system 300 of FIG. 3 can be expanded upon and 

15 modified in a variety of ways consistent with the present 
invention. For example, the agent system 300 can be dis
tributed across a computer network such as that illustrated in 
FIG. 1. The facilitator agent 310 may itself have its func
tionality distributed across several different computing plat-

20 forms. The agents 320 may engage in interagent communi
cation (also called peer to peer communications). Several 
different systems 300 may be coupled together for enhanced 
performance. These and a variety of other structural con
figurations are described below in greater detail. 

25 FIG. 4 presents the structure typical of a small system 400 
in one embodiment of the present invention, showing user 
interface agents 408, several application agents 404 and 
meta-agents 406, the system 400 organized as a community 
of peers by their common relationship to a facilitator agent 

30 402. As will be appreciated, FIG. 4 places more structure 
upon the system 400 than shown in FIG. 3, but both are valid 
representations of structures of the present invention. The 
facilitator 402 is a specialized server agent that is respon
sible for coordinating agent communications and coopera-

35 tive problem-solving. The facilitator 402 may also provide a 
global data store for its client agents, allowing them to adopt 
a blackboard style of interaction. Note that certain advan
tages are found in utilizing two or more facilitator agents 
within the system 400. For example, larger systems can be 

40 assembled from multiple facilitator/client groups, each hav
ing the sort of structure shown in FIG. 4. All agents that are 
not facilitators are referred to herein generically as client 
agents-so called because each acts (in some respects) as a 
client of some facilitator, which provides communication 

45 and other essential services for the client. 
The variety of possible client agents is essentially unlim

ited. Some typical categories of client agents would include 
application agents 404, meta-agents 406, and user interface 
agents 408, as depicted in FIG. 4. Application agents 404 

50 denote specialists that provide a collection of services of a 
particular sort. These services could be domain-independent 
technologies (such as speech recognition, natural language 
processing 410, email, and some forms of data retrieval and 

FIG. 13 depicts a map oriented graphical user interface 55 

display as might be displayed by a multi-modal map appli
cation in accordance with a preferred embodiment of the 
present invention; 

data mining) or user-specific or domain-specific (such as a 
travel planning and reservations agent). Application agents 
may be based on legacy applications or libraries, in which 
case the agent may be little more than a wrapper that calls 
a pre-existing API 412, for example. Meta-agents 406 are 
agents whose role is to assist the facilitator agent 402 in 
coordinating the activities of other agents. While the facili
tator 402 possesses domain-independent coordination 

FIG. 14 depicts a peer to peer multiple facilitator based 
agent system supporting distributed agents in accordance 60 

with a preferred embodiment of the present invention; 
FIG. 15 depicts a multiple facilitator agent system sup

porting at least a limited form of a hierarchy of facilitators 
strategies, meta-agents 406 can augment these by using 
domain- and application-specific knowledge or reasoning 
(including but not limited to rules, learning algorithms and in accordance with a preferred embodiment of the present 

invention; and 65 planning). 
FIG. 16 depicts a replicated facilitator architecture in 

accordance with one embodiment of the present invention. 
With further reference to FIG. 4, user interface agents 408 

can play an extremely important and interesting role in 

DISH, Exh. 1007, p. 21

Petitioner Microsoft Corporation - Ex. 1008, p. 1145



US 6,851,115 Bl 
7 8 

using typed, handwritten, or spoken (over the telephone) 
English sentences, without explicitly specifying which agent 
or agents should perform the task. 

For instance, if the question "What is my schedule?" is 

certain embodiments of the present invention. By way of 
explanation, in some systems, a user interface agent can be 
implemented as a collection of "micro-agents", each moni
toring a different input modality (point-and-click, 
handwriting, pen gestures, speech), and collaborating to 
produce the best interpretation of the current inputs. These 
micro-agents are depicted in FIG. 4, for example, as Modal-
ity Agents 414. While describing such subcategories of 
client agents is useful for purposes of illustration and 
understanding, they need not be formally distinguished 
within the system in preferred implementations of the 
present invention. 

5 written 420 in the user interface 408, this request will be sent 
422 by the UI 408 to the facilitator 402, which in turn will 
ask 424 a natural language (NL) agent 426 to translate the 
query into JCL 18. To accomplish this task, the NL agent 426 
may itself need to make requests of the agent community to 

The operation of one preferred embodiment of the present 
invention will be discussed in greater detail below, but may 

10 resolve unknown words such as "me" 428 (the UI agent 408 
can respond 430 with the name of the current user) or 
"schedule" 432 (the calendar agent 434 defines this word 
436). The resulting ICL expression is then routed by the 
facilitator 402 to appropriate agents (in this case, the calen-

15 dar agent 434) to execute the request. Results are sent back 
438 to the UI agent 408 for display. 

be briefly outlined as follows. When invoked, a client agent 
makes a connection to a facilitator, which is known as its 
parent facilitator. These connections are depicted as a double 
headed arrow between the client agent and the facilitator 
agent in FIGS. 3 and 4, for example. Upon connection, an 
agent registers with its parent facilitator a specification of 20 
the capabilities and services it can provide. For example, a 
natural language agent may register the characteristics of its 
available natural language vocabulary. (For more details 
regarding client agent connections, see the discussion of 
FIG. 8 below.) Later during task completion, when a facili- 25 
tator determines that the registered services 416 of one of its 
client agents will help satisfy a goal, the facilitator sends that 
client a request expressed in the Interagent Communication 
Language (ICL) 418. (See FIG. 11 below for a more detailed 
discussion of the facilitator operations involved.) The agent 30 
parses this request, processes it, and returns answers or 
status reports to the facilitator. In processing a request, the 
client agent can make use of a variety of infrastructure 
capabilities provided in the preferred embodiment. For 
example, the client agent can use ICL418 to request services 35 
of other agents, set triggers, and read or write shared data on 
the facilitator or other client agents that maintain shared 
data. (See the discussion of FIGS. 9-11 below for a more 
detailed discussion of request processing.) 

The functionality of each client agent are made available 40 

to the agent community through registration of the client 
agent's capabilities with a facilitator 402. A software "wrap
per" essentially surrounds the underlying application pro
gram performing the services offered by each client. The 
common infrastructure for constructing agents is preferably 45 

supplied by an agent library. The agent library is preferably 
accessible in the runtime environment of several different 
programming languages. The agent library preferably mini
mizes the effort required to construct a new system and 
maximizes the ease with which legacy systems can be 50 

"wrapped" and made compatible with the agent-based archi
tecture of the present invention. 

By way of further illustration, a representative application 
is now briefly presented with reference to FIGS. 5 and 6. In 
the Automated Office system depicted in FIG. 5, a mobile 55 

user with a telephone and a laptop computer can access and 
task commercial applications such as calendars, databases, 
and email systems running back at the office. A user interface 
(UI) agent 408, shown in FIG. 6, runs on the user's local 
laptop and is responsible for accepting user input, sending 60 

requests to the facilitator 402 for delegation to appropriate 
agents, and displaying the results of the distributed compu
tation. The user may interact directly with a specific remote 
application by clicking on active areas in the interface, 
calling up a form or window for that application, and making 65 

queries with standard interface dialog mechanisms. 
Conversely, a user may express a task to be executed by 

The spoken request "When mail arrives for me about 
security, notify me immediately." produces a slightly more 
complex example involving communication among all 
agents in the system. After translation into ICL as described 
above, the facilitator installs a trigger 440 on the mail agent 
442 to look for new messages about security. When one such 
message does arrive in its mail spool, the trigger fires, and 
the facilitator matches the action part of the trigger to 
capabilities published by the notification agent 446. The 
notification agent 446 is a meta-agent, as it makes use of 
rules concerning the optimal use of different output modali
ties (email, fax, speech generation over the telephone) plus 
information about an individual user's preferences 448 to 
determine the best way of relaying a message through 
available media transfer application agents. After some 
competitive parallelism to locate the user (the calendar agent 
434 and database agent 450 may have different guesses as to 
where to find the user) and some cooperative parallelism to 
produce required information (telephone number of 
location, user password, and an audio file containing a 
text-to-speech representation of the email message), a tele
phone agent 452 calls the user, verifying its identity through 
touchtones, and then play the message. 

The above example illustrates a number of inventive 
features. As new agents connect to the facilitator, registering 
capability specifications and natural language vocabulary, 
what the user can say and do dynamically changes; in other 
words, the ICL is dynamically expandable. For example, 
adding a calendar agent to the system in the previous 
example and registering its capabilities enables users to ask 
natural language questions about their "schedule" without 
any need to revise code for the facilitator, the natural 
language agents, or any other client agents. In addition, the 
interpretation and execution of a task is a distributed 
process, with no single agent defining the set of possible 
inputs to the system. Further, a single request can produce 
cooperation and flexible communication among many 
agents, written in different programming languages and 
spread across multiple machines. 
Design Philosophy and Considerations 

One preferred embodiment provides an integration 
mechanism for heterogeneous applications in a distributed 
infrastructure, incorporating some of the dynamism and 
extensibility of blackboard approaches, the efficiency asso
ciated with mobile objects, plus the rich and complex 
interactions of communicating agents. Design goals for 
preferred embodiments of the present invention may be 
categorized under the general headings of interoperation and 
cooperation, user interfaces, and software engineering. 
These design goals are not absolute requirements, nor will 
they necessarily be satisfied by all embodiments of the 
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present invention, but rather simply reflect the inventor's 
currently preferred design philosophy. 
Versatile Mechanisms of Interoperation and Cooperation 

10 
Provide conceptually natural interaction mechanisms with 

multiple distributed components. When there are numerous 
disparate agents, and/or complex tasks implemented by the 
system, the user should be able to express requests without 

5 having detailed knowledge of the individual agents. With 
speech recognition, handwriting recognition, and natural 
language technologies becoming more mature, agent archi
tectures should preferably support these forms of input 

Interoperation refers to the ability of distributed software 
components-agents-to communicate meaningfully. 
While every system-building framework must provide 
mechanisms of interoperation at some level of granularity, 
agent-based frameworks face important new challenges in 
this area. This is true primarily because autonomy, the 
hallmark of individual agents, necessitates greater flexibility 

10 
in interactions within communities of agents. Coordination 
refers to the mechanisms by which a community of agents 
is able to work together productively on some task. In these 
areas, the goals for our framework are to provide flexibility 
in assembling communities of autonomous service 
providers, provide flexibility in structuring cooperative 15 

interactions, impose the right amount of structure, as well as 
include legacy and "owned-elsewhere" applications. 

Provide flexibility in assembling communities of autono
mous service providers-both at development time and at 
runtime. Agents that conform to the linguistic and ontologi- 20 

cal requirements for effective communication should be able 
to participate in an agent community, in various 
combinations, with minimal or near minimal prerequisite 
knowledge of the characteristics of the other players. Agents 
with duplicate and overlapping capabilities should be able to 25 
coexist within the same community, with the system making 
optimal or near optimal use of the redundancy. 

Provide flexibility in structuring cooperative interactions 
among the members of a community of agents. A framework 
preferably provides an economical mechanism for setting up 

30 a variety of interaction patterns among agents, without 
requiring an inordinate amount of complexity or infrastruc
ture within the individual agents. The provision of a service 
should be independent or minimally dependent upon a 
particular configuration of agents. 

Impose the right amount of structure on individual agents. 35 

Different approaches to the construction of multi-agent 
systems impose different requirements on the individual 
agents. For example, because KQML is neutral as to the 
content of messages, it imposes minimal structural require
ments on individual agents. On the other hand, the EDI 40 

paradigm tends to impose much more demanding 
requirements, by making assumptions about the nature of 
the programming elements that are meaningful to individual 
agents. Preferred embodiments of the present invention 
should fall somewhere between the two, providing a rich set 45 

of interoperation and coordination capabilities, without pre
cluding any of the software engineering goals defined below. 

Include legacy and "owned-elsewhere" applications. 

playing increased roles in the tasking of agent communities. 
Preferably treat users as privileged members of the agent 

community by providing an appropriate level of task speci
fication within software agents, and reusable translation 
mechanisms between this level and the level of human 
requests, supporting constructs that seamlessly incorporate 
interactions between both human-interface and software 
types of agents. 

Preferably support collaboration (simultaneous work over 
shared data and processing resources) between users and 
agents. 
Realistic Software Engineering Requirements 

System-building frameworks should preferably address 
the practical concerns of real-world applications by the 
specification of requirements which preferably include: 
Minimize the effort required to create new agents, and to 
wrap existing applications. Encourage reuse, both of 
domain-independent and domain-specific components. The 
concept of agent orientation, like that of object orientation, 
provides a natural conceptual framework for reuse, so long 
as mechanisms for encapsulation and interaction are struc
tured appropriately. Support lightweight mobile platforms. 
Such platforms should be able to serve as hosts for agents, 
without requiring the installation of a massive environment. 
It should also be possible to construct individual agents that 
are relatively small and modest in their processing require
ments. Minimize platform and language barriers. Creation of 
new agents, as well as wrapping of existing applications, 
should not require the adoption of a new language or 
environment. 
Mechanisms of Cooperation 

Cooperation among agents in accordance with the present 
invention is preferably achieved via messages expressed in 
a common language, ICL. Cooperation among agent is 
further preferably structured around a three-part approach: 
providers of services register capabilities specifications with 
a facilitator, requesters of services construct goals and relay 
them to a facilitator, and facilitators coordinate the efforts of 
the appropriate service providers in satisfying these goals. 
The Interagent Communication Language (ICL) 

Interagent Communication Language ("ICL") 418 refers 
to an interface, communication, and task coordination lan
guage preferably shared by all agents, regardless of what 
platform they run on or what computer language they are 
programmed in. ICL may be used by an agent to task itself 
or some subset of the agent community. Preferably, ICL 
allows agents to specify explicit control parameters while 
simultaneously supporting expression of goals in an 
underspecified, loosely constrained manner. In a further 
preferred embodiment, agents employ ICL to perform 
queries, execute actions, exchange information, set triggers, 

Whereas legacy usually implies reuse of an established 
system fully controlled by the agent-based system 50 

developer, owned-elsewhere refers to applications to which 
the developer has partial access, but no control. Examples of 
owned-elsewhere applications include data sources and ser
vices available on the World Wide Web, via simple form
based interfaces, and applications used cooperatively within 55 

a virtual enterprise, which remain the properties of separate 
corporate entities. Both classes of application must prefer
ably be able to interoperate, more or less as full-fledged 
members of the agent community, without requiring an 
overwhelming integration effort. 60 and manipulate data in the agent community. 
Human-Oriented User Interfaces 

Systems composed of multiple distributed components, 
and possibly dynamic configurations of components, require 
the crafting of intuitive user interfaces to provide concep
tually natural interaction mechanisms, treat users as privi
leged members of the agent community and support col
laboration. 

In a further preferred embodiment, a program element 
expressed in ICL is the event. The activities of every agent, 
as well as communications between agents, are preferably 
structured around the transmission and handling of events. 

65 In communications, events preferably serve as messages 
between agents; in regulating the activities of individual 
agents, they may preferably be thought of as goals to be 
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Providing Services: Specifying "Solvables" 
In a preferred embodiment of the present invention, every 

participating agent defines and publishes a set of capability 
declarations, expressed in ICL, describing the services that 

satisfied. Each event preferably has a type, a set of 
parameters, and content. For example, the agent library 
procedure oaa_Solve can be used by an agent to request 
services of other agents. A call to oaa_Solve, within the 
code of agent A, results in an event having the form 

ev _post_solve( Goal, Params) 
going from A to the facilitator, where ev _post_solve is the 
type, Goal is the content, and Params is a list of parameters. 
The allowable content and parameters preferably vary 

5 it provides. These declarations establish a high-level inter
face to the agent. This interface is used by a facilitator in 
communicating with the agent, and, most important, in 
delegating service requests (or parts of requests) to the 

according to the type of the event. 
10 

The ICL preferably includes a layer of conversational 
protocol and a content layer. The conversational layer ofICL 
is defined by the event types, together with the parameter 
lists associated with certain of these event types. The content 
layer consists of the specific goals, triggers, and data ele-
ments that may be embedded within various events. 15 

The ICL conversational protocol is preferably specified 
using an orthogonal, parameterized approach, where the 
conversational aspects of each element of an interagent 
conversation are represented by a selection of an event type 
and a selection of values from at least one orthogonal set of 20 

parameters. This approach offers greater expressiveness than 
an approach based solely on a fixed selection of speech acts, 
such as embodied in KQML. For example, in KQML, a 
request to satisfy a query can employ either of the perfor
matives ask_all or ask_one. In ICL, on the other hand, this 25 

type of request preferably is expressed by the event type 
evost solve, together with the solution_limit(N) 
parameter-where N can be any positive integer. (A request 
for all solutions is indicated by the omission of the solution_ 
limit parameter.) The request can also be accompanied by 30 

other parameters, which combine to further refine its seman
tics. In KQML, then, this example forces one to choose 
between two possible conversational options, neither of 
which may be precisely what is desired. In either case, the 
performative chosen is a single value that must capture the 35 

entire conversational characterization of the communica
tion. This requirement raises a difficult challenge for the 
language designer, to select a set of performatives that 
provides the desired functionality without becoming unman
ageably large. Consequently, the debate over the right set of 40 

performatives has consumed much discussion within the 
KQML community. 

The content layer of the ICL preferably supports unifica
tion and other features found in logic programming language 
environments such as PROLOG. In some embodiments, the 45 

content layer of the I CL is simply an extension of at least one 
programming language. For example, the Applicants have 
found that PROLOG is suitable for implementing and 
extending into the content layer of the ICL. The agent 
libraries preferably provide support for constructing, 50 

parsing, and manipulating ICL expressions. It is possible to 
embed content expressed in other languages within an ICL 
event. However, expressing content in ICL simplifies the 
facilitator's access to the content, as well as the conversa
tional layer, in delegating requests. This gives the facilitator 55 

more information about the nature of a request and helps the 
facilitator decompose compound requests and delegate the 
sub-requests. 

Further, I CL expressions preferably include, in addition to 
events, at least one of the following: capabilities 60 

declarations, requests for services, responses to requests, 
trigger specifications, and shared data elements. A further 
preferred embodiment of the present invention incorporates 
I CL expressions including at least all of the following: 
events, capabilities declarations, requests for services, 65 

responses to requests, trigger specifications, and shared data 
elements. 

agent. Partly due to the use of PRO LOG as a preferred basis 
for ICL, these capability declarations are referred as solv
ables. The agent library preferably provides a set of proce-
dures allowing an agent to add, remove, and modify its 
solvables, which it may preferably do at any time after 
connecting to its facilitator. 

There are preferably at least two major types of solvables: 
procedure solvables and data solvables. Intuitively, a pro
cedure solvable performs a test or action, whereas a data 
solvable provides access to a collection of data. For 
example, in creating an agent for a mail system, procedure 
solvables might be defined for sending a message to a 
person, testing whether a message about a particular subject 
has arrived in the mail queue, or displaying a particular 
message onscreen. For a database wrapper agent, one might 
define a distinct data solvable corresponding to each of the 
relations present in the database. Often, a data solvable is 
used to provide a shared data store, which may be not only 
queried, but also updated, by various agents having the 
required permissions. 

There are several primary technical differences between 
these two types of solvables. First, each procedure solvable 
must have a handler declared and defined for it, whereas this 
is preferably not necessary for a data solvable. The handling 
of requests for a data solvable is preferably provided trans
parently by the agent library. Second, data solvables are 
preferably associated with a dynamic collection of facts (or 
clauses), which may be further preferably modified at 
runtime, both by the agent providing the solvable, and by 
other agents (provided they have the required permissions). 
Third, special features, available for use with data solvables, 
preferably facilitate maintaining the associated facts. In spite 
of these differences, it should be noted that the mechanism 
of use by which an agent requests a service is the same for 
the two types of solvables. 

In one embodiment, a request for one of an agent's 
services normally arrives in the form of an event from the 
agent's facilitator. The appropriate handler then deals with 
this event. The handler may be coded in whatever fashion is 
most appropriate, depending on the nature of the task, and 
the availability of task-specific libraries or legacy code, if 
any. The only hard requirement is that the handler return an 
appropriate response to the request, expressed in ICL. 
Depending on the nature of the request, this response could 
be an indication of success or failure, or a list of solutions 
(when the request is a data query). 

A solvable preferably has three parts: a goal, a list of 
parameters, and a list of permissions, which are declared 
using the format: 

solvable( Goal, Parameters, Permissions) 
The goal of a solvable, which syntactically takes the 

preferable form of an ICL structure, is a logical representa
tion of the service provided by the solvable. (An ICL 
structure consists of a functor with 0 or more arguments. For 
example, in the structure a(b,c), 'a' is the functor, and 'b' and 
'c' the arguments.) As with a PROLOG structure, the goal's 
arguments themselves may preferably be structures. 

Various options can be included in the parameter list, to 
refine the semantics associated with the solvable. The type 
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parameter is preferably used to say whether the solvable is 
data or procedure. When the type is procedure, another 
parameter may be used to indicate the handler to be asso
ciated with the solvable. Some of the parameters appropriate 
for a data solvable are mentioned elsewhere in this appli- 5 
cation. In either case (procedure or data solvable), the 
private parameter may be preferably used to restrict the use 

ized for email, not by modifying the names of the services, 
but rather by the use of the 'email' parameter, which serves 
during the execution of an ICL request to select (or not) a 
specific type of message. 

Actions are generally written using an imperative verb as 
the functor of the solvable in a preferred embodiment of the 
present invention, the direct object (or item class) as the first 
argument of the predicate, required arguments following, 
and then an extensible parameter list as the last argument. 

of a solvable to the declaring agent when the agent intends 
the solvable to be solely for its internal use but wishes to take 
advantage of the mechanisms in accordance with the present 
invention to access it, or when the agent wants the solvable 
to be available to outside agents only at selected times. In 
support of the latter case, it is preferable for the agent to 
change the status of a solvable from private to non-private 
at any time. 

The permissions of a solvable provide mechanisms by 
which an agent may preferably control access to its services 
allowing the agent to restrict calling and writing of a 
solvable to itself and/or other selected agents. (Calling 
means requesting the service encapsulated by a solvable, 
whereas Writing means modifying the collection of facts 
associated with a data solvable.) The default permission for 
every solvable in a further preferred embodiment of the 
present invention is to be callable by anyone, and for data 
solvables to be writable by anyone. Asolvable's permissions 
can preferably be changed at any time, by the agent provid
ing the solvable. 

For example, the solvables of a simple email agent might 
include: 

solvable(send_message( email, +To Person, +Params), 
[ type(procedure ), callback(send_mail) ], 

[ ] 
solvable(last_message( email, -Messageid), 

[type( data), single_ value( true)], 
[write( true)]), 

solvable (get_message (email, +Messageid, -Msg), 
[ type(procedure ), callback(get_mail) ], [ ]) 

The symbols '+' and '-', indicating input and output 
arguments, are at present used only for purposes of docu
mentation. Most parameters and permissions have default 
values, and specifications of default values may be omitted 
from the parameters and permissions lists. 

10 The parameter list can hold optional information usable by 
the function. The ICL expression generated by a natural 
language parser often makes use of this parameter list to 
store prepositional phrases and adjectives. 

As an illustration of the above two points, "Send mail to 
15 Bob about lunch" will be translated into an ICL request send 

message(email, 'Bob Jones', [subject(lunch)]), whereas 
"Remind Bob about lunch" would leave the transport 
unspecified (send_message(KIND, 'Bob Jones', [subject 
(lunch)])), enabling an available message transfer agents 

20 (e.g., fax, phone, mail, pager) to compete for the opportunity 
to carry out the request. 
Requesting Services 

An agent preferably requests services of the community 
of agent by delegating tasks or goals to its facilitator. Each 

25 request preferably contains calls to one or more agent 
solvables, and optionally specifies parameters containing 
advice to help the facilitator determine how to execute the 
task. Calling a solvable preferably does not require that the 
agent specify (or even know of) a particular agent or agents 

30 to handle the call. While it is possible to specify one or more 
agents using an address parameter (and there are situations 
in which this is desirable), in general it is advantageous to 
leave this delegation to the facilitator. This greatly reduces 
the hard-coded component dependencies often found in 

35 other distributed frameworks. The agent libraries of a pre
ferred embodiment of the present invention provide an agent 
with a single, unified point of entry for requesting services 
of other agents: the library procedure oaa_Solve. In the 
style of logic programming, oaa_Solve may preferably be 

40 used both to retrieve data and to initiate actions, so that 
calling a data solvable looks the same as calling a procedure 
solvable. 

Defining an agent's capabilities in terms of solvable 
declarations effectively creates a vocabulary with which 
other agents can communicate with the new agent. Ensuring 45 

that agents will speak the same language and share a 
common, unambiguous semantics of the vocabulary 
involves ontology. Agent development tools and services 
(automatic translations of solvables by the facilitator) help 
address this issue; additionally, a preferred embodiment of 50 

the present invention will typically rely on vocabulary from 
either formally engineered ontologies for specific domains 

Complex Goal Expressions 
A powerful feature provided by preferred embodiments of 

the present invention is the ability of a client agent (or a user) 
to submit compound goals of an arbitrarily complex nature 
to a facilitator. A compound goal is a single goal expression 
that specifies multiple sub-goals to be performed. In speak
ing of a "complex goal expression" we mean that a single 
goal expression that expresses multiple sub-goals can poten
tially include more than one type of logical connector (e.g., 
AND, OR, NOT), and/or more than one level of logical 
nesting (e.g., use of parentheses), or the substantive equiva
lent. By way of further clarification, we note that when 
speaking of an "arbitrarily complex goal expression" we 
mean that goals are expressed in a language or syntax that 

or from ontologies constructed during the incremental devel
opment of a body of agents for several applications or from 
both specific domain ontologies and incrementally devel- 55 

oped ontologies. Several example tools and services are 
described in Cheyer et al.'s paper entitled "Development 
Tools for the Open Agent Architecture," as presented at the 
Practical Application of Intelligent Agents and Multi-Agent 
Technology (PAAM 96), London, April 1996. 60 

Although the present invention imposes no hard restric
tions on the form of solvable declarations, two common 
usage conventions illustrate some of the utility associated 
with solvables. 

allows expression of such complex goals when appropriate 
or when desired, not that every goal is itself necessarily 
complex. 

It is contemplated that this ability is provided through an 
interagent communication language having the necessary 
syntax and semantics. In one example, the goals may take 
the form of compound goal expressions composed using 
operators similar to those employed by PROLOG, that is, 

Classes of services are often preferably tagged by a 
particular type. For instance, in the example above, the 
"last_message" and "get_message" solvables are special-

65 the comma for conjunction, the semicolon for disjunction, 
the arrow for conditional execution, etc. The present inven
tion also contemplates significant extensions to PROLOG 
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syntax and semantics. For example, one embodiment incor
porates a "parallel disjunction" operator indicating that the 
disjuncts are to be executed by different agents concurrently. 
A further embodiment supports the specification of whether 
a given sub-goal is to be executed breadth-first or depth-first. 

A further embodiment supports each sub-goal of a com
pound goal optionally having an address and/or a set of 
parameters attached to it. Thus, each sub-goal takes the form 

Address: Goal: :Parameters 
where both Address and Parameters are optional. 

An address, if present, preferably specifies one or more 
agents to handle the given goal, and may employ several 
different types of referring expression: unique names, sym
bolic names, and shorthand names. Every agent has prefer
ably a unique name, assigned by its facilitator, which relies 
upon network addressing schemes to ensure its global 
uniqueness. Preferably, agents also have self-selected sym
bolic names (for example, "mail"), which are not guaranteed 
to be unique. When an address includes a symbolic name, 
the facilitator preferably takes this to mean that all agents 
having that name should be called upon. Shorthand names 
include 'self' and 'parent' (which refers to the agent's 
facilitator). The address associated with a goal or sub-goal is 
preferably always optional. When an address is not present, 
it is the facilitator's job to supply an appropriate address. 

The distributed execution of compound goals becomes 
particularly powerful when used in conjunction with natural 
language or speech-enabled interfaces, as the query itself 
may specify how functionality from distinct agents will be 
combined. As a simple example, the spoken utterance "Fax 
it to Bill Smith's manager." can be translated into the 
following compound I CL request: 

oaa_Solve((manager('Bill Smith', M), fax(it,M,[ ])), 
[strategy( action)]) 

16 
goal. For example, a solution_limit parameter preferably 
allows the requester to say how many solutions it is inter
ested in; the facilitator and/or service providers are free to 
use this information in optimizing their efforts. Similarly, a 

5 time_limit is preferably used to say how long the requester 
is willing to wait for solutions to its request, and, in a 
multiple facilitator system, a level_limit may preferably be 
used to say how remote the facilitators may be that are 
consulted in the search for solutions. A priority parameter is 

10 preferably used to indicate that a request is more urgent than 
previous requests that have not yet been satisfied. Other 
preferred advice parameters include but are not limited to 
parameters used to tell the facilitator whether parallel sat
isfaction of the parts of a goal is appropriate, how to 

15 combine and filter results arriving from multiple solver 
agents, and whether the requester itself may be considered 
a candidate solver of the sub-goals of a request. 

Advice parameters preferably provide an extensible set of 
low-level, orthogonal parameters capable of combining with 

20 the ICL goal language to fully express how information 
should flow among participants. In certain preferred 
embodiments of the present invention, multiple parameters 
can be grouped together and given a group name. The 
resulting high-level advice parameters can preferably be 

25 used to express concepts analogous to KQML's 
performatives, as well as define classifications of problem 
types. For instance, KQML's "ask_all" and "ask_one" 
performatives would be represented as combinations of 
values given to the parameters reply, parallel ok, and 

30 solution_limit. As an example of a higher-level problem 
type, the strategy "math_problem" might preferably send 
the query to all appropriate math solvers in parallel, collect 
their responses, and signal a conflict if different answers are 
returned. The strategy "essay_question" might preferably Note that in this ICL request there are two sub-goals, 

"manager(' Bill Smith' ,M)" and "fax(it,M,[ ])," and a single 
global parameter "strategy(action)." According to the 
present invention, the facilitator is capable of mapping 
global parameters in order to apply the constraints or advice 
across the separate sub-goals in a meaningful way. In this 
instance, the global parameter strategy( action) implies a 40 

parallel constraint upon the first sub-goal; i.e., when there 

35 send the request to all appropriate participants, and signal a 
problem (i.e., cheating) if any of the returned answers are 
identical. 
Facilitation 

In a preferred embodiment of the present invention, when 
a facilitator receives a compound goal, its job is to construct 
a goal satisfaction plan and oversee its satisfaction in an 
optimal or near optimal manner that is consistent with the 
specified advice. The facilitator of the present invention 
maintains a knowledge base that records the capabilities of 
a collection of agents, and uses that knowledge to assist 
requesters and providers of services in making contact. 

are multiple agents that can respond to the manager sub
goal, each agent should receive a request for service. In 
contrast, for the second sub-goal, parallelism should not be 
inferred from the global parameter strategy( action) because 45 

such an inference would possibly result in the transmission 
of duplicate facsimiles. 
Refining Service Requests 

FIG. 7 schematically shows data structures 700 internal to 
a facilitator in accordance with one embodiment of the 

In a preferred embodiment of the present invention, 
parameters associated with a goal (or sub-goal) can draw on 
useful features to refine the request's meaning. For example, 

present invention. Consider the function of a Agent Registry 
50 702 in the present invention. Each registered agent may be 

seen as associated with a collection of fields found within its 
it is frequently preferred to be able to specify whether or not 
solutions are to be returned synchronously; this is done 
using the reply parameter, which can take any of the values 
synchronous, asynchronous, or none. As another example, 55 

when the goal is a non-compound query of a data solvable, 
the cache parameter may preferably be used to request local 
caching of the facts associated with that solvable. 

parent facilitator such as shown in the figure. Each registered 
agent may optionally possess a Symbolic Name which 
would be entered into field 704. As mentioned elsewhere, 
Symbolic Names need not be unique to each instance of an 
agent. Note that an agent may in certain preferred embodi-
ments of the present invention possess more than one 
Symbolic Name. Such Symbolic Names would each be 
found through their associations in the Agent Registry 
entries. Each agent, when registered, must possess a Unique 
Address, which is entered into the Unique Address field 706. 

Many of the remaining parameters fall into two catego
ries: feedback and advice. Feedback parameters allow a 60 

service requester to receive information from the facilitator 
about how a goal was handled. This feedback can include 
such things as the identities of the agents involved in 
satisfying the goal, and the amount of time expended in the 
satisfaction of the goal. 

With further reference to FIG. 7, each registered agent 
may be optionally associated with one or more capabilities, 
which have associated Capability Declaration fields 708 in 

65 the parent facilitator Agent Registry 702. These capabilities 
may define not just functionality, but may further provide a 
utility parameter indicating, in some manner (e.g., speed, 

Advice parameters preferably give constraints or guid
ance to the facilitator in completing and interpreting the 
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accuracy, etc), how effective the agent is at providing the 
declared capability. Each registered agent may be optionally 
associated with one or more data components, which have 
associated Data Declaration fields 710 in the parent facili
tator Agent Registry 702. Each registered agent may be 5 

optionally associated with one or more triggers, which 
preferably could be referenced through their associated 
Trigger Declaration fields 712 in the parent facilitator Agent 
Registry 702. Each registered agent may be optionally 
associated with one or more tasks, which preferably could be 10 

referenced through their associated Task Declaration fields 
714 in the parent facilitator Agent Registry 702. Each 
registered agent may be optionally associated with one or 
more Process Characteristics, which preferably could be 
referenced through their associated Process Characteristics 15 

Declaration fields 716 in the parent facilitator Agent Reg
istry 702. Note that these characteristics in certain preferred 
embodiments of the present invention may include one or 
more of the following: Machine Type (specifying what type 

of the present invention. The method of FIG. 9 begins in a 
step 900, wherein any initialization or other such procedures 
may be performed. Then, in a step 902, the client agent 
determines a goal to be achieved (or solved). This goal is 
then translated in a step 904 into I CL, if it is not already 
formulated in it. The goal, now stated in ICL, is then 
transmitted to the client agent's parent facilitator in a step 
906. The parent facilitator responds to this service request 
and at a later time, the client agent receives the results of the 
request in a step 908, operations of FIG. 9 being complete 
in a done step 910. 

FIG. 10 depicts operations involved in a client agent 
responding to a service request in accordance with a pre
ferred embodiment of the present invention. Once started in 
a step 1000, the client agent receives the service request in 
a step 1002. In a next step 1004, the client agent parses the 
received request from ICL. The client agent then determines 
if the service is available in a step 1006. If it is not, the client 
agent returns a status report to that effect in a step 1008. If 
the service is available, control is passed to a step 1010 
where the client performs the requested service. Note that in 
completing step 1010 the client may form complex goal 

of computer may run the agent), Language (both computer 20 

and human interface). 
expressions, requesting results for these solvables from the 
facilitator agent. For example, a fax agent might fax a 
document to a certain person only after requesting and 
receiving a fax number for that person. Subsequently, the 
client agent either returns the results of the service and/or a 
status report in a step 1012. The operations of FIG. 10 are 
complete in a done step 1014. 

FIG. 11 depicts operations involved in a facilitator agent 

A facilitator agent in certain preferred embodiments of the 
present invention further includes a Global Persistent Data
base 720. The database 720 is composed of data elements 
which do not rely upon the invocation or instantiation of 25 

client agents for those data elements to persist. Examples of 
data elements which might be present in such a database 
include but are not limited to the network address of the 
facilitator agent's server, facilitator agent's server accessible 
network port list, firewalls, user lists, and security options 
regarding the access of server resources accessible to the 
facilitator agent. 

30 response to a service request in accordance with a preferred 
embodiment of the present invention. The start of such 
operations in step 1100 leads to the reception of a goal 
request in a step 1102 by the facilitator. This request is then 
parsed and interpreted by the facilitator in a step 1104. The 

A simplified walk through of operations involved in 
creating a client agent, a client agent initiating a service 
request, a client agent responding to a service request and a 
facilitator agent responding to a service request are includ
ing hereafter by way of illustrating the use of such a system. 
These figures and their accompanying discussion are pro
vided by way of illustration of one preferred embodiment of 
the present invention and are not intended to limit the scope 
of the present invention. 

FIG. 8 depicts operations involved in instantiating a client 
agent with its parent facilitator in accordance with a pre
ferred embodiment of the present invention. The operations 
begin with starting the Agent Registration in a step 800. In 
a next step 802, the Installer, such as a client or facilitator 
agent, invokes a new client agent. It will be appreciated that 
any computer entity is capable of invoking a new agent. The 
system then instantiates the new client agent in a step 804. 
This operation may involve resource allocations somewhere 
in the network on a local computer system for the client 
agent, which will often include memory as well as place
ment of references to the newly instantiated client agent in 
internal system lists of agents within that local computing 
system. Once instantiated, the new client and its parent 
facilitator establish a communications link in a step 806. In 
certain preferred embodiments, this communications link 
involves selection of one or more physical transport mecha
nisms for this communication. Once established, the client 
agent transmits it profile to the parent facilitator in a step 
808. When received, the parent facilitator registers the client 
agent in a step 810. Then, at a step 812, a client agent has 
been instantiated in accordance with one preferred embodi
ment of the present invention. 

FIG. 9 depicts operations involved in a client agent 
initiating a service request and receiving the response to that 
service request in accordance with a preferred embodiment 

35 facilitator then proceeds to construct a goal satisfaction plan 
in a next step 1106. In steps 1108 and 1110, respectively, the 
facilitator determines the required sub-goals and then selects 
agents suitable for performing the required sub-goals. The 
facilitator then transmits the sub-goal requests to the 

40 selected agents in a step 1112 and receives the results of 
these transmitted requests in a step 1114. It should be noted 
that the actual implementation of steps 1112 and 1114 are 
dependent upon the specific goal satisfaction plan. For 
instance, certain sub-goals may be sent to separate agents in 

45 parallel, while transmission of other sub-goals may be 
postponed until receipt of particular answers. Further, cer
tain requests may generate multiple responses that generate 
additional sub-goals. Once the responses have been 
received, the facilitator determines whether the original 

50 requested goal has been completed in a step 1118. If the 
original requested goal has not been completed, the facili
tator recursively repeats the operations 1106 through 1116. 
Once the original requested goal is completed, the facilitator 
returns the results to the requesting agent 1118 and the 

55 operations are done at 1120. 
A further preferred embodiment of the present invention 

incorporates transparent delegation, which means that a 
requesting agent can generate a request, and a facilitator can 
manage the satisfaction of that request, without the requester 

60 needing to have any knowledge of the identities or locations 
of the satisfying agents. In some cases, such as when the 
request is a data query, the requesting agent may also be 
oblivious to the number of agents involved in satisfying a 
request. Transparent delegation is possible because agents' 

65 capabilities (solvables) are treated as an abstract description 
of a service, rather than as an entry point into a library or 
body of code. 
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a data solvable requires only that it be declared. Querying a 
data solvable, as with access to any solvable, is done using 
oaa_Solve. 

A further preferred embodiment of the present invention 
incorporates facilitator handling of compound goals, pref
erably involving three types of processing: delegation, opti
mization and interpretation. 

Delegation processing preferably supports facilitator 
determination of which specific agents will execute a com
pound goal and how such a compound goal's sub-goals will 

A data solvable is conceptually similar to a relation in a 
5 relational database. The facts associated with each solvable 

be combined and the sub-goal results routed. Delegation 
involves selective application of global and local constraint 
and advice parameters onto the specific sub-goals. Delega- 10 

tion results in a goal that is unambiguous as to its meaning 
and as to the agents that will participate in satisfying it. 

Optimization processing of the completed goal preferably 
includes the facilitator using sub-goal parallelization where 
appropriate. Optimization results in a goal whose interpre- 15 

tation will require as few exchanges as possible, between the 
facilitator and the satisfying agents, and can exploit parallel 
efforts of the satisfying agents, wherever this does not affect 
the goal's meaning. 

Interpretation processing of the optimized goal. Complet- 20 

ing the addressing of a goal involves the selection of one or 
more agents to handle each of its sub-goals (that is, each 
sub-goal for which this selection has not been specified by 
the requester). In doing this, the facilitator uses its knowl
edge of the capabilities of its client agents (and possibly of 25 

other facilitators, in a multi-facilitator system). It may also 
use strategies or advice specified by the requester, as 
explained below. The interpretation of a goal involves the 
coordination of requests to the satisfying agents, and assem
bling their responses into a coherent whole, for return to the 30 

requester. 

are maintained by the agent library, which also handles 
incoming messages containing queries of data solvables. 
The default behavior of an agent library in managing these 
facts may preferably be refined, using parameters specified 
with the solvable's declaration. For example, the parameter 
single_value preferably indicates that the solvable should 
only contain a single fact at any given point in time. The 
parameter unique_ values preferably indicates that no dupli
cate values should be stored. 

Other parameters preferably allow data solvables use of 
the concepts of ownership and persistence. For implement
ing shared repositories, it is often preferable to maintain a 
record of which agent created each fact of a data solvable 
with the creating agent being preferably considered the 
fact's owner. In many applications, it is preferable to remove 
an agent's facts when that agent goes offline (for instance, 
when the agent is no longer participating in the agent 
community, whether by deliberate termination or by 
malfunction). When a data solvable is declared to be non
persistent, its facts are automatically maintained in this way, 
whereas a persistent data solvable preferably retains its facts 
until they are explicitly removed. 

A further preferred embodiment of present invention 
supports an agent library through procedures by which 
agents can update (add, remove, and replace) facts belong
ing to data solvables, either locally or on other agents, given 
that they have preferably the required permissions. These 
procedures may preferably be refined using many of the 
same parameters that apply to service requests. For example, 

A further preferred embodiment of present invention 
extends facilitation so the facilitator can employ strategies 
and advice given by the requesting agent, resulting in a 
variety of interaction patterns that may be instantiated in the 
satisfaction of a request. 

A further preferred embodiment of present invention 
handles the distribution of both data update requests and 
requests for installation of triggers, preferably using some of 
the same strategies that are employed in the delegation of 
service requests. 

35 the address parameter preferably specifies one or more 
particular agents to which the update request applies. In its 
absence, just as with service requests, the update request 
preferably goes to all agents providing the relevant data 
solvable. This default behavior can be used to maintain 

40 coordinated "mirror" copies of a data set within multiple 
agents, and can be useful in support of distributed, collabo-

Note that the reliance on facilitation is not absolute; that 
is, there is no hard requirement that requests and services be 
matched up by the facilitator, or that interagent communi
cations go through the facilitator. There is preferably support 45 

in the agent library for explicit addressing of requests. 
However, a preferred embodiment of the present invention 
encourages employment the paradigm of agent 
communities, minimizing their development effort, by tak
ing advantage of the facilitator's provision of transparent 50 

delegation and handling of compound goals. 

rative activities. 
Similarly, the feedback parameters, described in connec

tion with oaa_Solve, are preferably available for use with 
data maintenance requests. 

A further preferred embodiment of present invention 
supports ability to provide data solvables not just to client 
agents, but also to facilitator agents. Data solvables can 
preferably created, maintained and used by a facilitator. The 
facilitator preferably can, at the request of a client of the 
facilitator, create, maintain and share the use of data solv-
ables with all the facilitator's clients. This can be useful with 
relatively stable collections of agents, where the facilitator's 
workload is predictable. 
Using a Blackboard Style of Communication 

In a further preferred embodiment of present invention, 
when a data solvable is publicly readable and writable, it 
acts essentially as a global data repository and can be used 
cooperatively by a group of agents. In combination with the 
use of triggers, this allows the agents to organize their efforts 
around a "blackboard" style of communication. 

A facilitator is preferably viewed as a coordinator, not a 
controller, of cooperative task completion. A facilitator 
preferably never initiates an activity. A facilitator preferably 
responds to requests to manage the satisfaction of some goal, 55 

the update of some data repository, or the installation of a 
trigger by the appropriate agent or agents. All agents can 
preferably take advantage of the facilitator's expertise in 
delegation, and its up-to-date knowledge about the current 
membership of a dynamic community. The facilitator's 60 

coordination services often allows the developer to lessen 
the complexity of individual agents, resulting in a more 
manageable software development process, and enabling the 
creation of lightweight agents. 

As an example, the "DCG-NL" agent (one of several 
existing natural language processing agents), provides natu
ral language processing services for a variety of its peer 

65 agents, expects those other agents to record, on the 
facilitator, the vocabulary to which they are prepared to 
respond, with an indication of each word's part of speech, 

Maintaining Data Repositories 
The agent library supports the creation, maintenance, and 

use of databases, in the form of data solvables. Creation of 
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and of the logical form (ICL sub-goal) that should result 
from the use of that word. In a further preferred embodiment 
of present invention, the NL agent, preferably when it comes 
online, preferably installs a data solvable for each basic part 
of speech on its facilitator. For instance, one such solvable 5 
would be: 

solvable(noun(Meaning, Syntax), [ ], [ ]) 

22 
which flights will arrive later than scheduled. An example 
task trigger is: "When mail arrives for me about security, 
notify me immediately." 

Time triggers preferably monitor time conditions. For 
instance, an alarm trigger can be set to fire at a single fixed 
point in time (e.g., "On December 23rd at 3 pm"), or on a 
recurring basis (e.g., "Every three minutes from now until 
noon"). 

Triggers are preferably implemented as data solvables, 
Note that the empty lists for the solvable's permissions and 
parameters are acceptable here, since the default permis
sions and parameters provide appropriate functionality. 

A further preferred embodiment of present invention 
incorporating an Office Assistant system as discussed herein 

10 declared implicitly for every agent. When requesting that a 
trigger be installed, an agent may use many of the same 
parameters that apply to service and data maintenance 
requests. or similar to the discussion here supports several agents 

making use of these or similar services. For instance, the 
database agent uses the following call, to library procedure 15 

oaa_AddData, to post the noun 'boss', and to indicate that 
the "meaning" of boss is the concept 'manager': 

oaa_AddData(noun(manager, atom(boss )), [address 
(parent)]) 

A further preferred embodiment of present invention 
incorporates semantic support, in contrast with most pro
gramming methodologies, of the agent on which the trigger 
is installed only having to know how to evaluate the con
ditional part of the trigger, not the consequence. When the 
trigger fires, the action is delegated to the facilitator for 

Autonomous Monitoring with Triggers 20 execution. Whereas many commercial mail programs allow 
rules of the form "When mail arrives about XXX, [forward 
it, delete it, archive it]", the possible actions are hard-coded 
and the user must select from a fixed set. 

A further preferred embodiment of present invention 
includes support for triggers, providing a general mecha
nism for requesting some action be taken when a set of 
conditions is met. Each agent can preferably install triggers 
either locally, for itself, or remotely, on its facilitator or peer 25 

agents. There are preferably at least four types of triggers: 
communication, data, task, and time. In addition to a type, 
each trigger preferably specifies at least a condition and an 
action, both preferably expressed in ICL. The condition 
indicates under what circumstances the trigger should fire, 30 

and the action indicates what should happen when it fires. In 
addition, each trigger can be set to fire either an unlimited 
number of times, or a specified number of times, which can 
be any positive integer. 

Triggers can be used in a variety of ways within preferred 35 

embodiments of the present invention. For example, triggers 
can be used for monitoring external sensors in the execution 
environment, tracking the progress of complex tasks, or 
coordinating communications between agents that are essen
tial for the synchronization of related tasks. The installation 40 

of a trigger within an agent can be thought of as a repre
sentation of that agent's commitment to carry out the 
specified action, whenever the specified condition holds 
true. 

A further preferred embodiment of present invention, the 
consequence of a trigger may be any compound goal execut
able by the dynamic community of agents. Since new agents 
preferably define both functionality and vocabulary, when 
an unanticipated agent (for example, a fax agent) joins the 
community, no modifications to existing code is required for 
a user to make use of it-"When mail arrives, fax it to Bill 
Smith." 
The Agent Library 

In a preferred embodiment of present invention, the agent 
library provides the infrastructure for constructing an agent
based system. The essential elements of protocol (involving 
the details of the messages that encapsulate a service request 
and its response) are preferably made transparent to simplify 
the programming applications. This enables the developer to 
focus functionality, rather than message construction details 
and communication details. For example, to request a ser
vice of another agent, an agent preferably calls the library 
procedure oaa_Solve. This call results in a message to a 
facilitator, which will exchange messages with one or more 
service providers, and then send a message containing the 

Communication triggers preferably allow any incoming 
or outgoing event (message) to be monitored. For instance, 
a simple communication trigger may say something like: 
"Whenever a solution to a goal is returned from the 
facilitator, send the result to the presentation manager to be 
displayed to the user." 

45 desired results to the requesting agent. These results are 
returned via one of the arguments of oaa_Solve. None of the 
messages involved in this scenario is explicitly constructed 
by the agent developer. Note that this describes the synchro
nous use of oaa_Solve. 

Data triggers preferably monitor the state of a data 
repository (which can be maintained on a facilitator or a 
client agent). Data triggers' conditions may be tested upon 
the addition, removal, or replacement of a fact belonging to 

50 

a data solvable. An example data trigger is: "When 15 users 55 

are simultaneously logged on to a machine, send an alert 
message to the system administrator." 

Task triggers preferably contain conditions that are tested 
after the processing of each incoming event and whenever a 
timeout occurs in the event polling. These conditions may 60 

specify any goal executable by the local I CL interpreter, and 
most often are used to test when some solvable becomes 
satisfiable. Task triggers are useful in checking for task
specific internal conditions. Although many cases such 
conditions are captured by solvables, in other cases they may 65 

not be. For example, a mail agent might watch for new 
incoming mail, or an airline database agent may monitor 

In another preferred embodiment of present invention, an 
agent library provides both intraagent and interagent infra
structure; that is, mechanisms supporting the internal struc
ture of individual agents, on the one hand, and mechanisms 
of cooperative interoperation between agents, on the other. 
Note that most of the infrastructure cuts across this boundary 
with many of the same mechanisms supporting both agent 
internals and agent interactions in an integrated fashion. For 
example, services provided by an agent preferably can be 
accessed by that agent through the same procedure ( oaa_ 
Solve) that it would employ to request a service of another 
agent (the only difference being in the address parameter 
accompanying the request). This helps the developer to 
reuse code and avoid redundant entry points into the same 
functionality. 

Both of the preferred characteristics described above 
(transparent construction of messages and integration of 
intraagent with interagent mechanisms) apply to most other 
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library functionality as well, including but not limited to data 
management and temporal control mechanisms. 
Source Code Appendix 

Source code for version 2.0 of the OAA software product 

24 
producing responses to queries using either simple or list
based multimedia utterances. 
1.3 FIND FRIDAY'S WEATHER IN BOSTON. 

The weather in Boston for Friday is as follows: 
Sunny in the morning. Partly cloudy in the afternoon 

with a 20 
percent chance of thunderstorms late. Highs in the mid 

70s. 
In addition to data accessible from legacy applications, 

content may be retrieved by web-reading agents which 
provide wrappers around useful websites. 
1.4 FIND ALL NEW MAIL MESSAGES. 

There are 2 messages available. 

is included as an appendix hereto, and is incorporated herein 5 
by reference. The code includes an agent library, which 
provides infrastructure for constructing an agent-based sys
tem. The library's several families of procedures provide the 
functionalities discussed above, as well as others that have 
not been discussed here but that will be sufficiently clear to 
the interested practitioner. For example, declarations of an 10 

agent's solvables, and their registration with a facilitator, are 
managed using procedures such as oaa_Declare, oaa_ 
Undeclare, and oaa_Redeclare. Updates to data solvables 
can be accomplished with a family of procedures including 
oaa_AddData, oaa_RemoveData, and oaa_ReplaceData. 
Similarly, triggers are maintained using procedures such as 
oaa_AddTrigger, oaa_RemoveTrigger, and oaa_ 
ReplaceTrigger. The provided source code also includes 
source code for an OAA Facilitator Agent. 

Message 1, from Mark Tierny, entitled "OAA meeting." 
15 1.5 NEXT MESSAGE 

Message 2, from Jennifer Schwefier, entitled "Presenta
tion Summary." 

1.6 PLAY IT. 
The source code appendix is offered solely as a means of 

further helping practitioners to construct a preferred embodi
ment of the invention. By no means is the source code 
intended to limit the scope of the present invention. 
Illustrative Applications 

20 
This message is a multipart MIME-encoded message. 

There are two parts. 
Part 1. (Voicemail message, not text-to speech): 

Thanks for taking part as a speaker in our conference. 

To further illustrate the technology of the preferred 
embodiment, we will next present and discuss two sample 
applications of the present inventions. 

The schedule will be posted soon on our homepage. 
25 1.7 NEXT PART 

Unified Messaging 
A further preferred embodiment of present invention 

incorporates a Unified Messaging application extending the 
Automated Office application presented previously herein 30 

with an emphasis on ubiquitous access and dynamic pre
sentation of the information and services supported by the 
agent community. The agents used in this application are 
depicted in FIG. 12. 

A hypothetical example of realistic dialog using a pre- 35 

ferred embodiment of the present invention can provide 
insight into how systems may preferably be built using the 
present invention. In this scenario, the user, with only a 
telephone as an interface, is planning a trip to Boston where 
he will soon give a presentation. Capitalized sentences are 40 
phrases spoken by the user into the telephone and processed 
by a phone agent 452. 

Responses, unless otherwise indicated, are spoken by the 
system using text-to-speech generation agent 454. 
1.1 Welcome to SRI International. Please enter your user ID 

and password. 45 

<User enters touchtone ID and password> 
Good to see you again Adam Cheyer. I am listening to 

you. 
Every user interface agent 408, including the telephone 

50 
agent 452, should know the identify of its user. This infor
mation is used in resolving anaphoric references such as 
"Me" and "I", and allows multiple user interfaces operated 
by the same user to work together. 
1.2 WHAT IS TODAY'S SCHEDULE? 

Here is today's schedule for Adam Cheyer: 55 

At 10 am for 1 hour, meeting with Dave. 
At 3 pm for 1 hour, presentation about software agents. 

End of schedule. 
If the user is operating both a graphical user interface and 

a telephone, as described in conjunction with the Automated 60 

Office application, the result of this spoken request is to 
display a calendar window containing the current schedule. 

Part 2. (read using text-to-speech): 

The presentation home page is http://www ... 
1.8 PRINT MESSAGE 

Command executed. 
Mail messages are no longer just simple text documents, 

but often consist of multiple subparts containing audio files, 
pictures, webpages, attachments and so forth. When a user 
asks to play a complex email message over the telephone, 
many different agents may be implicated in the translation 
process, which would be quite different given the request 
"print it." The challenge is to develop a system which will 
enable agents to cooperate in an extensible, flexible manner 
that alleviates explicit coding of agent interactions for every 
possible input/output combination. 

In a preferred embodiment of the present invention, each 
agent concentrates only on what it can do and on what it 
knows, and leaves other work to be delegated to the agent 
community. For instance, a printer agent 1204, defining the 
solvable print(Object,Parameters), can be defined by the 
following pseudo-code, which basically says, "If someone 
can get me a document, in either POSTSCRIPT or text form, 
I can print it.". 
print(Object, Parameters) { 

' If Object is reference to "it", find an appropriate docu
ment 

if (Object ="ref(it)") 
oaa_Solve(resolve_reference(the, document, Params, 

Object),[ ]); 
' Given a reference to some document, ask for the 

document in POSTSCRIPT 

if (Object ="id(Pointer)") 
oaa_Solve(resolve_id_as(id(Pointer), postscript, [ ], 

Object), [ ]); 
' If Object is of type text or POSTSCRIPT, we can print 

it. 

if ((Object is of type 
Postscript)) 
do print (Object); 

Text) or (Object is of type 

In this case, with no graphical display available, the GEN_ 
NL agent 1202 is tasked to produce a spoken response that 
can be played over the phone. GEN_NL shares the same 65 } 

dynamic vocabulary and phrasal rules as the natural lan
guage parser DCG_NL 426, and contains strategies for 

In the above example, since an email message is the 
salient document, the mail agent 442 will receive a request 

DISH, Exh. 1007, p. 30

Petitioner Microsoft Corporation - Ex. 1008, p. 1154



US 6,851,115 Bl 
25 

to produce the message as POSTSCRIPT. Whereas the mail 
agent 442 may know how to save a text message as 
POSTSCRIPT, it will not know what to do with a webpage 
or voicemail message. For these parts of the message, it will 
simply send oaa_Solve requests to see if another agent 5 

knows how to accomplish the task. 
Until now, the user has been using only a telephone as 

user interface. Now, he moves to his desktop, starts a web 
browser 436, and accesses the URL referenced by the mail 
message. 
1.9 RECORD MESSAGE 

Recording voice message. Start speaking now. 
1.10 THIS IS THE UPDATED WEB PAGE CONTAINING 

THE PRESENTATION SCHEDULE. 

10 

26 
Hotel disappears 

2.6 [Speaking and circling] Show me a photo of this hotel. 

Photo appears. 
2.7 (Points to another hotel] 

Photo appears. 
2.8 [Speaking] Price of the other hotel? 

Price appears for previous hotel. 
2.9 [Speaking and drawing an arrow] Scroll down. 

Display adjusted. 
2.10 [Speaking and drawing an arrow toward a hotel] 

What is the distance from this hotel to Fisherman's 
Wharf? 

Distance displayed. 

Message one recorded. 
1.11 IF THIS WEB PAGE CHANGES, GET IT TO ME 

WITH NOTE ONE. 

15 2.11 [Pointing to another place and speaking] And the 
distance to here? 

Trigger added as requested. 

Distance displayed. 
Sara decides she could use some human advice. She picks 

up the phone, calls Bob, her travel agent, and writes Start In this example, a local agent 436 which interfaces with 
the web browser can return the current page as a solution to 
the request "oaa_Solve(resolve_reference(this, web_page, 
[ ], Ref),[ ])",sent by the NL agent 426. A trigger is installed 

20 collaboration to synchronize his display with hers. At this 
point, both are presented with identical maps, and the input 
and actions of one will be remotely seen by the other. 

on a web agent 436 to monitor changes to the page, and 
when the page is updated, the notify agent 446 can find the 

25 
user and transmit the webpage and voicemail message using 
the most appropriate media transfer mechanism. 

This example based on the Unified Messaging application 
is intended to show how concepts in accordance with the 
present invention can be used to produce a simple yet 

30 
extensible solution to a multi-agent problem that would be 
difficult to implement using a more rigid framework. The 
application supports adaptable presentation for queries 
across dynamically changing, complex information; shared 
context and reference resolution among applications; and 

35 
flexible translation of multimedia data. In the next section, 
we will present an application which highlights the use of 
parallel competition and cooperation among agents during 
multi-modal fusion. 
Multimodal Map 

40 
A further preferred embodiment of present invention 

incorporates the Multimodal Map application. This applica
tion demonstrates natural ways of communicating with a 
community of agents, providing an interactive interface on 
which the user may draw, write or speak. In a travel-

45 
planning domain illustrated by FIG. 13, available informa
tion includes hotel, restaurant, and tourist-site data retrieved 
by distributed software agents from commercial Internet 
sites. Some preferred types of user interactions and multi
modal issues handled by the application are illustrated by a 

50 
brief scenario featuring working examples taken from the 
current system. 

3.1 [Sara speaks and circles two hotels] 
Bob, I'm trying to choose between these two hotels. 
Any opinions? 

3.2 [Bob draws an arrow, speaks, and points] 
Well, this area is really nice to visit. You can walk there 

from 
this hotel. 
Map scrolls to indicated area. Hotel selected. 

3.3 [Sara speaks] Do you think I should visit Alcatraz? 
3.4 [Bob speaks] Map, show video of Alcatraz. 

Video appears. 
3.5 [Bob speaks] Yes, Alcatraz is a lot of fun. 

A further preferred embodiment of present invention 
generates the most appropriate interpretation for the incom
ing streams of multimodal input. Besides providing a user 
interface to a dynamic set of distributed agents, the appli
cation is preferably built using an agent framework. The 
present invention also contemplates aiding the coordinate 
competition and cooperation among information sources, 
which in turn works in parallel to resolve the ambiguities 
arising at every level of the interpretation process: low-level 
processing of the data stream, anaphora resolution, cross
modality influences and addressee. 

Low-level processing of the data stream: Pen input may 
be preferably interpreted as a gesture (e.g., 2.5: cross-out) by 
one algorithm, or as handwriting by a separate recognition 
process (e.g., 2.3: "info?"). Multiple hypotheses may pref
erably be returned by a modality recognition component. 

Anaphora resolution: When resolving anaphoric 
references, separate information sources may contribute to 
resolving the reference: context by object type, deictic, 

Sara is planning a business trip to San Francisco, but 
would like to schedule some activities for the weekend while 
she is there. She turns on her laptop PC, executes a map 
application, and selects San Francisco. 
2.1 [Speaking] Where is downtown? 

Map scrolls to appropriate area. 
2.2 [Speaking and drawing region] Show me all hotels near 
here. 

55 visual context, database queries, discourse analysis. An 
example of information provided through context by object 
type is found in interpreting an utterance such as "show 
photo of the hotel", where the natural language component 
can return a list of the last hotels talked about. Deictic 

Icons representing hotels appear. 
2.3 [Writes on a hotel] Info? 

A textual description (price, attributes, etc.) appears. 
2.4 [Speaking] I only want hotels with a pool. Some hotels 

disappear. 
2.5 [Draws a crosscut on a hotel that is too close to a 

highway) 

60 information in combination with a spoken utterance like 
"show photo of this hotel" may preferably include pointing, 
circling, or arrow gestures which might indicate the desired 
object (e.g., 2.7). Deictic references may preferably occur 
before, during, or after an accompanying verbal command. 

65 Information provided in a visual context, given for the 
request "display photo of the hotel" may preferably include 
the user interface agent might determine that only one hotel 
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communications bottleneck and may also represent a single, 
critical point for system failure. 

Multiple facilitator systems as disclosed in the preferred 
embodiments to this point can be used to construct peer-to-

is currently visible on the map, and therefore this might be 
the desired reference object. Database queries preferably 
involving information from a database agent combined with 
results from other resolution strategies. Examples are "show 
me a photo of the hotel in Menlo Park" and 2.2. Discourse 
analysis preferably provides a source of information for 
phrases such as "No, the other one" (or 2.8). 

The above list of preferred anaphora resolution mecha
nisms is not exhaustive. Examples of other preferred reso
lution methods include but are not limited to spatial reason
ing ("the hotel between Fisherman's Wharf and Lombard 
Street") and user preferences ("near my favorite 
restaurant"). 

5 peer agent networks as illustrated in FIG. 14. While such 
embodiments are scalable, they do possess the potential for 
communication bottlenecks as discussed in the previous 
paragraph and they further possess the potential for reliabil
ity problems as central, critical points of vulnerability to 

10 systems failure. 
A further embodiment of present invention supports a 

facilitator implemented as an agent like any other, whereby 
multiple facilitator network topologies can be readily con
structed. One example configuration (but not the only 

15 possibility) is a hierarchical topology as depicted in FIG. 15, 
where a top level Facilitator manages collections of both 
client agents 1508 and other Facilitators, 1504 and 1506. 
Facilitator agents could be installed for individual users, for 

Cross-modality influences: When multiple modalities are 
used together, one modality may preferably reinforce or 
remove or diminish ambiguity from the interpretation of 
another. For instance, the interpretation of an arrow gesture 
may vary when accompanied by different verbal commands 
(e.g., "scroll left" vs. "show info about this hotel"). In the 
latter example, the system must take into account how 20 

accurately and unambiguously an arrow selects a single 
hotel. 

a group of users, or as appropriate for the task. 
Note further, that network work topologies of facilitators 

can be seen as graphs where each node corresponds to an 
instance of a facilitator and each edge connecting two or 
more nodes corresponds to a transmission path across one or 
more physical transport mechanisms. Some nodes may 

Addressee: With the addition of collaboration technology, 
humans and automated agents all share the same workspace. 
A pen doodle or a spoken utterance may be meant for either 
another human, the system (3.1), or both (3.2). 

25 represent facilitators and some nodes may represent clients. 

The implementation of the Multimodal Map application 
illustrates and exploits several preferred features of the 
present invention: reference resolution and task delegation 
by parallel parameters of oaa_Solve, basic multi-user col- 30 

laboration handled through built-in data management 
services, additional functionality readily achieved by adding 
new agents to the community, domain-specific code cleanly 
separated from other agents. 

A further preferred embodiment of present invention 35 

provides reference resolution and task delegation handled in 

Each node can be further annotated with attributes corre-
sponding to include triggers, data, capabilities but not lim
ited to these attributes. 

A further embodiment of present invention provides 
enhanced scalability and robustness by separating the plan
ning and execution components of the facilitator. In contrast 
with the centralized facilitation schemes described above, 
the facilitator system 1600 of FIG. 16 separates the registry/ 
planning component from the execution component. As a 
result, no single facilitator agent must carry all communi
cations nor does the failure of a single facilitator agent shut 
down the entire system. 

Turning directly to FIG. 16, the facilitator system 1600 
includes a registry/planner 1602 and a plurality of client 

a distributed fashion by the parallel parameters of oaa_ 
Solve, with meta-agents encoding rules to help the facilitator 
make context- or user-specific decisions about priorities 
among knowledge sources. 40 agents 1612-1616. The registry/planner 1604 is typically 

replicated in one or more locations accessible by the client 
agents. Thus if the registry/planner 1604 becomes 
unavailable, the client agents can access the replicated 

A further preferred embodiment of present invention 
provides basic multi-user collaboration handled through at 
least one built-in data management service. The map user 
interface preferably publishes data solvables for elements 
such as icons, screen position, and viewers, and preferably 45 

defines these elements to have the attribute "shareable". For 
every update to this public data, the changes are preferably 
automatically replicated to all members of the collaborative 
session, with associated callbacks producing the visible 
effect of the data change (e.g., adding or removing an icon). 50 

registry/planner(s ). 
This system operates, for example, as follows. An agent 

transmits a goal 1610 to the registry planner 1602. The 
registry/planner 1604 translates the goal into an unambigu
ous execution plan detailing how to accomplish any sub
goals developed from the compound goal, as well as speci
fying the agents selected for performing the sub-goals. This 
execution plan is provided to the requesting agent which in 
turn initiates peer-to-peer interactions 1618 in order to 
implement the detailed execution plan, routing and combin
ing information as specified within the execution plan. 

Functionality for recording and playback of a session is 
preferably implemented by adding agents as members of the 
collaborative community. These agents either record the data 
changes to disk, or read a log file and replicate the changes 
in the shared environment. 55 Communication is distributed thus decreasing sensitivity of 

the system to bandwidth limitations of a single facilitator 
agent. Execution state is likewise distributed thus enabling 
system operation even when a facilitator agent fails. 

The domain-specific code for interpreting travel planning 
dialog is preferably separated from the speech, natural 
language, pen recognition, database and map user interface 
agents. These components were preferably reused without 
modification to add multimodal map capabilities to other 60 

applications for activities such as crisis management, multi
robot control, and the MVIEWS tools for the video analyst. 
Improved Scalability and Fault Tolerance 

Implementations of a preferred embodiment of present 
invention which rely upon simple, single facilitator archi- 65 

tectures may face certain limitations with respect to 
scalability, because the single facilitator may become a 

Further embodiments of present invention incorporate 
into the facilitator functionality such as load-balancing, 
resource management, and dynamic configuration of agent 
locations and numbers, using (for example) any of the 
topologies discussed. Other embodiments incorporate into a 
facilitator the ability to aid agents in establishing peer-to-
peer communications. That is, for tasks requiring a sequence 
of exchanges between two agents, the facilitator assists the 
agents in finding one another and establishing 
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communication, stepping out of the way while the agents 
communicate peer-to-peer over a direct, perhaps dedicated 
channel. 

Further preferred embodiments of the present invention 
incorporate mechanisms for basic transaction management, 5 
such as periodically saving the state of agents (both facili
tator and client) and rolling back to the latest saved state in 
the event of the failure of an agent. 

What is claimed is: 
1. A computer-implemented method for communication 

and cooperative task completion among a plurality of dis
tributed electronic agents, comprising the acts of: 

10 

30 
5. A computer-implemented method as recited in claim 1 

further comprising the act of providing an agent registry data 
structure. 

6. A computer-implemented method as recited in claim 5 
wherein the agent registry data structure includes at least one 
symbolic name for each active agent. 

7. A computer-implemented method of recited in claim 5 
wherein the agent registry data structure includes at least one 
data declaration for each active agent. 

8. A computer-implemented method as recited in claim 5 
wherein the agent registry data structure includes at least one 
trigger declaration for one active agent. registering a description of each active client agent's 

functional capabilities as corresponding registered 
functional capabilities, using an expandable, platform
independent, inter-agent language, wherein the inter
agent language includes: 

9. A computer-implemented method as recited in claim 5 

15 
wherein the agent registry data structure includes at least one 
task declaration, and process characteristics for each active 
agent. 

a layer of conversational protocol defined by event 
types and parameter lists associated with one or more 
of the events, wherein the parameter lists further 
refine the one or more events; 

10. A computer-implemented method as recited in claim 
5 wherein the agent registry data structure includes at least 

20 
one process characteristic for each active agent. 

11. A computer-implemented method as recited in claim 1 
further comprising the act of establishing communication 
between the plurality of distributed agents. 

a content layer comprising one or more of goals, 
triggers and data elements associated with the 
events; 

receiving a request for service as a 
inter-agent language, in the form 
complex goal expression; and 

base goal in the 25 

of an arbitrarily 

dynamically interpreting the arbitrarily complex goal 
expression, said act of interpreting further comprising: 

generating one or more sub-goals expressed in the inter- 30 

agent language; 
constructing a goal satisfaction plan wherein the goal 

satisfaction plan includes: 
a suitable delegation of sub-goal requests to best complete 

the requested service request-by using reasoning that 35 

includes one or more of domain-independent coordi
nation strategies, domain-specific reasoning, and 
application-specific reasoning comprising rules and 
learning algorithms; and 

dispatching each of the sub-goals to a selected client agent 
40 

for performance, based on a match between the sub
goal being dispatched and the registered functional 
capabilities of the selected client agent. 

2. A computer-implemented method as recited in claim 1, 
further including the following acts of: 

45 

receiving a new request for service as a base goal using 
the inter-agent language, in the form of another arbi
trarily complex goal expression, from at least one of the 
selected client agents in response to the sub-goal dis- 50 
patched to said agent; and 

recursively applying the step of dynamically interpreting 
the arbitrarily complex goal expression in order to 
perform the new request for service. 

12. A computer-implemented method as recited in claim 
1 further comprising the acts of: 

receiving a request for service in a second language 
differing from the inter-agent language; 

selecting a registered agent capable of converting the 
second language into the inter-agent language; and 

forwarding the request for service in a second language to 
the registered agent capable of converting the second 
language into the inter-agent language, implicitly 
requesting that such a conversion be performed and the 
results returned. 

13. A computer-implemented method as recited in claim 
12 wherein the request include a natural language query, and 
the second registered agent capable of converting the second 
language into the inter-agent language service is a natural 
language agent. 

14. A computer-implemented method as recited in claim 
13 wherein the natural language query was generated by a 
user interface agent. 

15. A computer-implemented method as recited in claim 
1, wherein the base goal requires setting a trigger having 
conditional functionality and consequential functionality. 

16. A compute-implemented method as recited in claim 
15 wherein the trigger is an outgoing communications 
trigger, the computer implemented method further including 
the acts of: 

monitoring all outgoing communication events in order to 
determine whether a specific outgoing communication 
event has occurred; and 

in response to the occurrence of the specific outgoing 
communication event, performing the particular action 
defined by the trigger. 

3. A computer-implemented method as recited in claim 2 55 
wherein the act of registering a specific agent further 
includes: 17. A computer-implemented method as recited in claim 

15 wherein the trigger is an incoming communications 
trigger, the computer implemented method further including 

60 
the acts of: 

invoking the specific agent in order to activate the specific 
agent; 

instantiating an instance of the specific agent; and 
transmitting the new agent profile from the specific agent 

to a facilitator agent in response to the instantiation of 
the specific agent. 

4. A computer-implemented method as recited in claim 1 
further including the act of deactivating a specific client 65 

agent no longer available to provide services by deleting the 
registration of the specific client agent. 

monitoring all incoming communication events in order 
to determine whether a specific incoming communica
tion event has occurred; and 

in response to the occurrence of a specific incoming 
communication event satisfying the trigger conditional 
functionality, performing the particular consequential 
functionality defined by the trigger. 
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18. A computer-implemented method as recited in claim 
15 wherein the trigger is a data trigger, the computer 
implemented method further including the acts of: 

monitoring a state of a data repository; and 
in response to a particular state event satisfying the trigger 5 

conditional functionality, performing the particular 
consequential functionality defined by the trigger. 

19. A computer-implemented method as recited in claim 
15 wherein the trigger is a time trigger, the computer 
implemented method further including the acts of: 

monitoring for the occurrence of a particular time condi
tion; and 

10 

in response to the occurrence of a particular time condi
tion satisfying the trigger conditional functionality per
forming the particular consequential functionality 15 
defined by the trigger. 

20. A computer-implemented method as recited in claim 
15 wherein the trigger is installed and executed within the 
facilitator agent. 

21. A computer-implemented method as recited in claim 20 
15 wherein the trigger is installed and executed, within a first 
service-providing agent. 

22. A computer-implemented method as recited in claim 

32 
a content layer compnsmg one or more of goals, 

triggers and data elements associated with the 
events; 

the act of interpreting including the sub-acts of: 
determining any task completion advice provided by 

the base goal, and 
determining any task completion constraints provided 

by the base goal; 

constructing a base goal satisfaction plan including the 
sub-acts of: 
determining whether the request service is available, 
determining sub-goals required in completing the base 

goal by using reasoning that includes one or more of 
domain-independent coordination strategies, 
domain-specific reasoning, and application-specific 
reasoning comprising rules and learning algorithms, 

selecting service-providing electronic agents from the 
agent registry suitable for performing the determined 
sub-goals, and 

ordering a delegation of sub-goal requests complete the 
requested service; and 

implementing the base goal satisfaction plan. 
30. A computer program as recited in claim 29 wherein 15 wherein the conditional functionality of the trigger is 

installed on a facilitator agent. 
23. A computer-implemented method as recited in claim 

22 wherein the consequential functionality is installed on a 
specific service-providing agent other than a facilitator 
agent. 

25 
the computer executable instruction for providing an agent 
registry includes the following computer executable instruc
tions for registering a specific service-providing electronic 
agent into the agents registry 

24. A computer-implemented method as recited in claim 30 
15 wherein the conditional functionality of the trigger is 
installed on specific service-providing agent other than a 
facilitator agent. 

25. A computer-implemented method as recited in claim 
15 wherein the consequential functionality of the trigger is 35 
installed on a facilitator agent. 

26. A computer-method as recited in claim 1 wherein the 
base goal is a compound goal having sub-goals separated by 
operators. 

27. A computer-implemented method as recited in claim 40 
26 wherein the type of available operators includes a con
junction operator, a disjunction operator, and a conditional 
execution operator. 

28. A computer-implemented method as recited in claim 
27 wherein the type of available operators further includes 45 
a parallel disjunction operator that indicates that disjunct 
goals are to be performed by different agents. 

29. A computer program stored on a computer readable 
medium, the computer program executable to facilitate 
cooperative task completion within a distributed computing 50 
environment, the distributed computing environment includ
ing a plurality of autonomous electronic agents, the distrib
uted computing environment supporting an Interagent Com
munication Language, the computer program comprising 
computer executable instructions for: 55 

providing an agent registry that declares capabilities of 
service-providing electronic agents currently active 
within the distributed computing environment; 

interpreting a service request in order to determine a base 
goal that may be a compound, arbitrarily complex base 60 

goal, the service request adhering to an Interagent 
Communication Language (ICL), where in the ICL 
includes: 

establishing a bi-directional communication link between 
the specific agent and a facilitator agent controlling the 
agent registry; 

providing a new agent profile to the facilitator agent, the 
new agent profile defining publicly available capabili
ties of the specific agent; and 

registering the specific agent together with the new agent 
profile within the agent registry, thereby making avail
able to the facilitator agent the capabilities of the 
specific agent. 

31. A computer program as recited in claim 30 wherein 
the computer executable instruction for registering a specific 
agent further includes: 

invoking the specific agent in order to activate the specific 
agent; 

instating an instance of the specific agent; and 

transmitting the new agent profile from the specific agent 
to the facilitator agent in response to the instantiation of 
the specific agent. 

32. A computer program as recited in claim 29 wherein 
the computer executable instruction for providing an agent 
registry includes a computer executable instruction for 
removing a specific service-providing electronic agent from 
the registry upon determining that the specific agent is no 
longer available to provide services. 

33. A computer program as recited in claim 29 wherein 
the provided agent registry includes a symbolic name, a 
unique address, data declarations, trigger declarations, task 
declarations, and process characteristics for each active 
agent. 

34. Computer program as recited in claim 29 further 
including computer executable instructions for receiving the 
service request via a communications link established with 
a client. 

a layer of conversational protocol defined by event 
types and parameter lists associated with one or more 
of the events, wherein the parameter lists further 
refine the one or more events; and 

35. A computer program as recited in claim 29 wherein 

65 the computer executable instruction for providing a service 
request includes instructions for: 

receiving a non-ICL format service request; 
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selecting an active agent capable of converting the non
ICL format service request into an ICL format service 
request; 

forwarding the non-ICL format service request to the 
active agent capable of converting the non-ICL format 5 

service request, together with at request that such 
conversion be performed; and 

34 
46. A computer program as recited in claim 45 wherein 

the type of available operators includes a conjunction 
operator, a disjunction operator, and a conditional execution 
operator. 

47. A computer program as recited in claim 46 wherein 
the type of available operators further includes parallel 
disjunction operator that indicates that distinct goals are to 
be performed by different agents. 

48. An Interagent Communication Language (ICL) pro-receiving an ICL format service request corresponding to 
the non-ICL format service request. 

36. A computer program as recited in claim 35 wherein 
the non-ICL format service request includes a natural lan
guage query, and the active agent capable of converting the 
non-ICL format service request into an ICL format service 
request is a natural language agent. 

10 viding a basis for facilitated cooperative task completion 
within a distributed computing environment having a facili
tator agent and a plurality of autonomous service-providing 
electronic agents, wherein: 

37. A computer program as recited in claim 36 wherein 15 

the natural language query is generated by a user in the 
agent. 

38. A computer program as recited in claim 29, the 
computer program further including computer executable 
instructions for implementing a base goal that requires 20 

setting a trigger having conditional and consequential func
tionality. 

39. A computer program as recited in claim 38 wherein 
the trigger is an outgoing communications trigger, the com
puter program further including computer executable 25 

instructions for: 

monitoring all outgoing communication events in order to 
determine whether a specific outgoing communication 
event has occurred; and 

in response to the occurrence of the specific outgoing 
communication event, performing the particular action 
defined by the trigger. 

30 

the ICL having: 
a layer of conversational protocol defined by event 

types and parameter lists associated with one or more 
of the events, wherein the parameter lists further 
refine the one or more events; and 

a content layer comprising one or more of goals, 
triggers and data elements associated with the 
events; 

the ICL having one or more features from a set of features 
comprising: 
enabling agents perform queries of other agents; 
enabling agents to exchange information with other 

gents; and 
enabling agents to set triggers within other agents; and 

the ICL having a syntax supporting compound goal 
expressions wherein said compound goal expressions 
are such that goals within a single request provided 
according to the ICL syntax may be coupled by one or 
more operators from a set of operators comprising: 
a conditional execution operator; and 

a parallel disjunctive operation that indicates that disjunct 
goals are to be performed by different agents. 40. A computer program as recited in claim 38 wherein 

the trigger is an incoming communications trigger, the 
computer program further including computer executable 
instructions for; 

35 49. An ICL as recited in claim 48, wherein the ICL is 
computer platform independent. 

monitoring all incoming communication events in order 
to determine whether a specific incoming communica
tion event has occurred; and 

in response to the occurrence of the specific incoming 
communication event, performing the particular action 
defined by the trigger. 

50. An ICL as recited in claim 48 wherein the ICL is 
independent of computer programming languages which the 
plurality of agents are programmed in. 

51. An ICL as recited in claim 48 wherein the ICL syntax 
40 supports explicit task completion constraints include use of 

specific agent constraints and response time constraints. 
52. An ICL as recited in claim 51, wherein possible types 

of task completion constraints include use of specific agent 
constraints and response time constraints. 41. A computer program as recited in claim 38 wherein 

the trigger is a data trigger, the computer program further 45 

including computer executable instructions for: 
53. An ICL as recited in claim 51 wherein the ICL syntax 

supports explicit task completion advisory suggestions 
within goal expressions. monitoring a state of a data repository; and 

in response to a particular state event, performing the 
particular action defined by the trigger. 

42. A computer program as recited in claim 38 wherein 
the trigger is a time trigger, the computer program further 
including computer executable instructions for: 

54. An ICL as recited in claim 48 wherein the ICL syntax 
supports explicit task completion advisory suggestions 

50 within goal expressions. 
55. An ICL as recited in claim 48 wherein each autono-

mous service-providing electronic agent defines and pub
lishes a set of capability declarations or solvables, expressed 
in ICL, that describes services provided by such electronic monitoring for the occurrence of a particular time condi

tion; and 55 agent. 
in response to the occurrence of the particular time 

condition, performing the particular action defined by 
the trigger. 

43. A computer program as recited in claim 38 further 
including computer executable instructions for instating and 60 

executing the trigger within the facilitator agent. 
44. A computer program as recited in claim 38 further 

including computer executable instructions for instating and 
executing the trigger within a first service-providing agent. 

45. A computer program as recited in claim 29 further 65 

including computer executable instructions for interpreting 
compound goals having sub-goals separated by operators. 

56. An ICL as recited in claim 55 wherein an electronic 
agent's solvables define an interface for the electronic agent. 

57. An ICL as recited in claim 56 wherein the facilitator 
agent maintains an agent registry making available plurality 
of electronic agent interfaces. 

58. An ICL as recited in claim 57 wherein the possible 
types of solvables includes procedure solvables, a procedure 
solvable operable to implement a procedure such as a test or 
an action. 

59. An ICL as recited in claim 58 wherein the possible 
types of solvables further includes data solvables, a data 
solvable operable to provide access to a collection of data. 
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60. An ICL as recited in claim 58 wherein the possible 
types of solvables includes data solvables, a data solvable 
operable to provide access to a collection of data. 

61. A facilitator agent arranged to coordinate cooperative 
task completion within a distributed computing environment 5 
having a plurality of autonomous service-providing elec
tronic agents, the facilitator agent comprising: 

an agent registry that declares capabilities of service
providing electronic agents currently active within the 
distributed computing environment; and 

10 
a facilitating engine operable to parse a service requesting 

order to interpret a compound goal set forth therein, the 
compound goal including both local and global con
straints and control parameters, the service request 
formed according to an Interagent Communication 

15 Language (ICL), wherein the ICL includes: 
a layer of conversational protocol defined by event 

types and parameter lists associated with one or more 
of the events, wherein the parameter lists further 
refine the one or more events; and 

a content layer comprising one or more of goals, 20 

triggers and data elements associated with the 
events; and 

the facilitating engine further operable to construct a goal 
satisfaction plan by using reasoning that includes one 
or more of domain-independent coordination 25 

strategies, domain-specific reasoning, and application
specific reasoning comprising rules and learning algo
rithms. 

36 
a layer of conversational protocol defined by event 

types and parameter lists associated with one or more 
of the events, wherein the parameter lists further 
refine the one or more events; and 

a content layer comprising one or more of goals, 
triggers and data elements associated with the 
events; and 

a facilitator agent in bi-directional communications with 
the plurality of service-providing electronic agents, the 
facilitator agent including: 
an agent registry that declares capabilities of service

providing electronic agents currently active within 
the distributed computing environment; 

a facilitating engine operable to parse a service request 
in order to interpret an arbitrarily complex goal set 
forth therein, the facilitating engine further operable 
to construct a goal satisfaction plan including the 
coordination of a suitable delegation of sub-goal 
requests to best complete the requested service by 
using reasoning that includes one or more of domain
independent coordination strategies, domain-specific 
reasoning, and application-specific reasoning com-
prising rules and learning algorithms. 

72. A computer architecture as recited in claim 71, 
wherein the Interagent Communication Language (ICL) is 
for enabling agents to perform queries of other agents, 
exchange Information with other agents, and set triggers 
within other agents, the I CL further defined by an I CL syntax 
supporting compound goal expressions such that goals 
within single request provided according to the ICL syntax 62. A facilitator agent as recited in claim 61, wherein the 

facilitating engine is capable of modifying the goal satis
faction plan during execution, the modifying initiated by 
events such as new agent declarations within the agent 
registry, decisions made by remote agents, and information, 
provided to the facilitating engine by remote agents. 

30 may be coupled by a conjunctive operator, a disjunctive 
operator, a conditional execution operator, and a parallel 
disjunctive operator parallel disjunctive operator that indi
cates that disjunct goals are to be performed by different 

63. A facilitator agent as recited in claim 61 wherein the 35 
agent registry includes a symbolic name, a unique address, 
data declarations, trigger declarations, task declarations, and 
process characteristics for each active agent. 

agents. 
73. A computer architecture as recited in claim 72, 

wherein the ICL is computer platform independent. 
74. A computer architecture as recited in claim 73 wherein 

the I CL is independent of computer programming languages 
in which the plurality of agents are programmed. 64. A facilitator agent as recited in claim 61 wherein the 

facilitating engine is operable to install a trigger mechanism 40 
requesting that a certain action be taken when a certain set 

75. A computer architecture as recited in claim 73 wherein 
the I CL syntax supports explicit task completion constraints 
within goal expressions. of conditions are met. 

65. A facilitator agent as recited in claim 64 wherein the 
trigger mechanism is a communication trigger that monitors 
communication events and performs the certain action when 
a certain communication event occurs. 

66. A facilitator agent as recited in claim 64 wherein the 
trigger mechanism is a data trigger that monitors a state of 
a data repository and performs the certain action when a 
certain data state is obtained. 

67. A facilitator agent as recited in claim 66 wherein the 
data repository is local to the facilitator agent. 

68. A facilitator agent as recited in claim 66 wherein the 
data repository is remote from the facilitator agent. 

69. A facilitator agent as recited in claim 64 wherein the 
trigger mechanism is a task trigger having a set of condi
tions. 

70. A facilitator agent as recited in claim 61, the facilitator 
agent further including a global database accessible to at 
least one of the service-providing electronic agents. 

71. A software-based, flexible computer architecture for 
communication and cooperation among distributed elec
tronic agents, the architecture contemplating a distributed 
computing system comprising: 

a plurality of service-providing electronic agents; 
an Interagent Communication Language (ICL), wherein 

the inter-agent language includes: 

76. A computer architecture as recited in claim 75 wherein 
possible types of task completion constraints include use of 

45 specific agent constraints and response time constraints. 
77. A computer architecture as recited in claim 75 wherein 

the ICL syntax supports explicit task completion advisory 
suggestions within goal expressions. 

78. A computer architecture as recited in claim 73 wherein 
50 the ICL syntax supports explicit task completion advisory 

suggestions within goal expressions. 
79. A computer architecture as recited in claim 73 wherein 

each autonomous service-providing electronic agent defines 
and publishes a set of capability declarations or solvables, 

55 expressed in ICL, that describes services provided by such 
electronic agent. 

60 

80. A computer architecture as recited in claim 79 wherein 
an electronic agent's solvables define an interface for the 
electronic agent. 

81. A computer architecture as recited in claim 80 wherein 
the possible types of solvables includes procedure solvables, 
a procedure solvable operable to implement a procedure 
such as a test or an action. 

82. A computer architecture as recited in claim 81 wherein 
65 the possible types of solvables further includes data 

solvables, a data solvable operable to provide access to a 
collection of data. 
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83. A computer architecture as recited in claim 82 wherein 
the possible types of solvables includes a data solvable 
operable to provide access to modify a collection of data. 

84. A computer architecture as recited in claim 71 wherein 
a planning component of the facilitating engine are distrib
uted across at least two computer processes. 

85. A computer architecture as recited in claim 71 wherein 
an execution component of the facilitating engine is distrib
uted across at least two computer process. 

86. A data wave carrier providing a transport mechanism 
for information communication in a distributed computing 
environment having at least one facilitator agent and at least 
one active client agent, and an Interagent Communication 
Language (ICL), wherein the ICL includes: 

a layer of conversational protocol defined by event types 
and parameter lists associated with one or more of the 
events, wherein the parameter lists further refine the 
one or more events; and 

38 
includes one or more of domain-independent coordination 
strategies, domain-specific reasoning, and application
specific reasoning comprising rules and learning algorithms 
for satisfying one or more requests for service from said at 

s least one active client agent, the data wave carrier compris
ing a signal representation of an inter-agent language 
description of an active client agent's functional capabilities. 

87. A data wave carrier as recited in claim 86, the data 
wave carrier further comprising a corresponding signal 

10 representation of said one or more requests for service in the 
inter-agent language from a first agent to a second agent. 

88. A data wave carrier as recited in claim 86, the data 
wave carrier further comprising a signal representation of a 
goal dispatched to an agent for performance from a facili-

15 tator agent. 
89. A data wave carrier as recited in claim 88 wherein a 

a content layer comprising one or more of goals, triggers 
and data elements associated with the events; 20 

later state of the data wave carrier comprises a signal 
representation of a response to the dispatched goal including 
results and/or a status report from the agent for performance 
to the facilitator agent. 

wherein said at least one facilitator agent is operable to 
construct a goal satisfaction plan by using reasoning that * * * * * 
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Software-Based Architecture for Communication and Cooperation Among

Distributed Electronic Agents

5 By:

Adam J. Cheyer and David L. Martin

BACKGROUND OF THE INVENTION

10 Field of the Invention

The present invention is related to distributed computing environments and the

completion of tasks within such environments. In particular, the present invention

teaches a variety of software-based architectures for communication and cooperation

among distributed electronic agents. Certain embodiments teach interagent

15 communication languages enabling client agents to make requests in the form of

arbitrarily complex goal expressions that are solved through facilitation by a

facilitator agent.

Context and Motivation for Distributed Software Systems

20 The evolution of models for the design and construction of distributed

software systems is being driven forward by several closely interrelated trends: the

adoption of a networked computing model, rapidly rising expectations for smarter,

longer-lived, more autonomous software applications and an ever increasing demand

for more accessible and intuitive user interfaces.

25 Prior Art Figure 1 illustrates a networked computing model 100 having a

plurality of client and server computer systems 120 and 122 coupled together over a

physical transport mechanism 140. The adoption of the networked computing model

100 has lead to a greatly increased reliance on distributed sites for both data and

processing resources. Systems such as the networked computing model 100 are based

30 upon at least one physical transport mechanism 140 coupling the multiple computer

systems 120 and 122 to support the transfer of information between these computers.

Some of these computers basically support using the network and are known as client
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computers (clients). Some of these computers provide resources to other computers

and are known as server computers (servers). The servers 122 can vary greatly in the

resources they possess, access they provide and services made available to other

computers across a network. Servers may service other servers as well as clients.

5 The Internet is a computing system based upon this network computing model.

The Internet is continually growing, stimulating a paradigm shift for computing away

from requiring all relevant data and programs to reside on the user's desktop machine.

The data now routinely accessed from computers spread around the world has become

increasingly rich in format, comprising multimedia documents, and audio and video

10 streams. With the popularization of programming languages such as JAVA, data

transported between local and remote machines may also include programs that can

be downloaded and executed on the local machine. There is an ever increasing

reliance on networked computing, necessitating software design approaches that allow

for flexible composition of distributed processing elements in a dynamically changing

15 and relatively unstable environment.

In an increasing variety of domains, application designers and users are

coming to expect the deployment of smarter, longer-lived, more autonomous,

software applications. Push technology, persistent monitoring of information sources,

and the maintenance of user models, allowing for personalized responses and sharing

20 of preferences, are examples of the simplest manifestations of this trend. Commercial

enterprises are introducing significantly more advanced approaches, in many cases

employing recent research results from artificial intelligence, data mining, machine

learning, and other fields.

More than ever before, the increasing complexity of systems, the development

25 of new technologies, and the availability of multimedia material and environments are

creating a demand for more accessible and intuitive user interfaces. Autonomous,

distributed, multi-component systems providing sophisticated services will no longer

lend themselves to the familiar "direct manipulation" model of interaction, in which

an individual user masters a fixed selection of commands provided by a single

3o application. Ubiquitous computing, in networked environments, has brought about a

situation in which the typical user of many software services is likely to be a non-

expert, who may access a given service infrequently or only a few times.
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Accommodating such usage patterns calls for new approaches. Fortunately, input

modalities now becoming widely available, such as speech recognition and pen-based

handwriting/gesture recognition, and the ability to manage the presentation of

systems' responses by using multiple media provide an opportunity to fashion a style

5 of human-computer interaction that draws much more heavily on our experience with

human-human interactions.

PRIOR RELATED ART

Existing approaches and technologies for distributed computing include

i0 distributed objects, mobile objects, blackboard-style architectures, and agent-based

software engineering.

The Distributed Object Approach

Object-oriented languages, such as C++ or JAVA, provide significant

advances over standard procedural languages with respect to the reusability and

15 modularity of code: encapsulation, inheritance and polymorhpism. Encapsulation

encourages the creation of library interfaces that minimize dependencies on

underlying algorithms or data structures. Changes to programming internals can be

made at a later date with requiring modifications to the code that uses the library.

Inheritance permits the extension and modification of a library of routines and data

20 without requiring source code to the original library. Polymorphism allows one body

of code to work on an arbitrary number of data types. For the sake of simplicity

traditional objects may be seen to contain both methods and data. Methods provide

the mechanisms by which the internal state of an object may be modified or by which

communication may occur with another object or by which the instantiation or

25 removal of objects may be directed.

With reference to Figure 2, a distributed object technology based around an

Object Request Broker will now be described. Whereas "standard" object-oriented

programming (OOP) languages can be used to build monolithic programs out of many

object building blocks, distributed object technologies (DOOP) allow the creation of

30 programs whose components may be spread across multiple machines. As shown in

Figure 2, an object system 200 includes client objects 210 and server objects 220. To

implement a client-server relationship between objects, the distributed object system
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200 uses a registry mechanism (CORBA's registry is called an Object Request Broker,

or ORB) 230 to store the interface descriptions of available objects. Through the

services of the ORB 230, a client can transparently invoke a method on a remote

server object. The ORB 230 is then responsible for finding the object 220 that can

5 implement the request, passing it the parameters, invoking its method, and returning

the results. In the most sophisticated systems, the client 210 does not have to be aware

of where the object is located, its programming language, its operating system, or any

other system aspects that are not part of the server object's interface.

Although distributed objects offer a powerful paradigm for creating networked

10 applications, certain aspects of the approach are not perfectly tailored to the

constantly changing environment of the Internet. A major restriction of the DOOP

approach is that the interactions among objects are fixed through explicitly coded

instructions by the application developer. It is often difficult to reuse an object in a

new application without bringing along all its inherent dependencies on other objects

15 (embedded interface definitions and explicit method calls). Another restriction of the

DOOP approach is the result of its reliance on a remote procedure call (RPC) style of

communication. Although easy to debug, this single thread of execution model does

not facilitate programming to exploit the potential for parallel computation that one

would expect in a distributed environment. In addition, RPC uses a blocking

20 (synchronous) scheme that does not scale well for high-volume transactions.

Mobile Objects

Mobile objects, sometimes called mobile agents, are bits of code that can

move to another execution site (presumably on a different machine) under their own

programmatic control, where they can then interact with the local environment. For

25 certain types of problems, the mobile object paradigm offers advantages over more

traditional distributed object approaches. These advantages include network

bandwidth and parallelism. Network bandwidth advantages exist for some database

queries or electronic commerce applications, where it is more efficient to perform

tests on data by bringing the tests to the data than by bringing large amounts of data to

30 the testing program. Parallelism advantages include situations in which mobile agents

can be spawned in parallel to accomplish many tasks at once.
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Some of the disadvantages and inconveniences of the mobile agent approach

include the programmatic specificity of the agent interactions, lack of coordination

support between participant agents and execution environment irregularities regarding

specific programming languages supported by host processors upon which agents

5 reside. In a fashion similar to that of DOOP programming, an agent developer must

programmatically specify where to go and how to interact with the target

environment. There is generally little coordination support to encourage interactions

among multiple (mobile) participants. Agents must be written in the programming

language supported by the execution environment, whereas many other distributed

10 technologies support heterogeneous communities of components, written in diverse
programming languages.

Blackboard Architectures

Blackboard architectures typically allow multiple processes to communicate

by reading and writing tuples from a global data store. Each process can watch for

15 items of interest, perform computations based on the state of the blackboard, and then

add partial results or queries that other processes can consider. Blackboard

architectures provide a flexible framework for problem solving by a dynamic

community of distributed processes. A blackboard architecture provides one solution

to eliminating the tightly bound interaction links that some of the other distributed

20 technologies require during interprocess communication. This advantage can also be a

disadvantage: although a programmer does not need to refer to a specific process

during computation, the framework does not provide programmatic control for doing

so in cases where this would be practical.

Agent-based Software Engineering

25 Several research communities have approached distributed computing by

casting it as a problem of modeling communication and cooperation among

autonomous entities, or agents. Effective communication among independent agents

requires four components: (1) a transport mechanism carrying messages in an

asynchronous fashion, (2) an interaction protocol defining various types of

30 communication interchange and their social implications (for instance, a response is

expected of a question), (3) a content language permitting the expression and

interpretation of utterances, and (4) an agreed-upon set of shared vocabulary and

Attorney Docket No: SRI1PO16(3477)/BRC/EWJ Page 5 of 59
DISH, Exh. 1008, p. 7

Petitioner Microsoft Corporation - Ex. 1008, p. 1168



meaning for concepts (often called an ontology). Such mechanisms permit a much

richer style of interaction among participants than can be expressed using a distributed

object's RPC model or a blackboard architecture's centralized exchange approach.

Agent-based systems have shown much promise for flexible, fault-tolerant,

5 distributed problem solving. Several agent-based projects have helped to evolve the

notion of facilitation. However, existing agent-based technologies and architectures

are typically very limited in the extent to which agents can specify complex goals or

influence the strategies used by the facilitator. Further, such prior systems are not

sufficiently attuned to the importance of integrating human agents (i.e., users) through

10 natural language and other human-oriented user interface technologies.

The initial version of SRI International's Open Agent ArchitectureTM

("OAA' ') technology provided only a very limited mechanism for dealing with

compound goals. Fixed formats were available for specifying a flat list of either

conjoined (AND) sub-goals or disjoined (OR) sub-goals; in both cases, parallel goal

15 solving was hard-wired in, and only a single set of parameters for the entire list could

be specified. More complex goal expressions involving (for example) combinations

of different boolean connectors, nested expressions, or conditionally interdependent

("IF.. THEN") goals were not supported. Further, system scalability was not

adequately addressed in this prior work.

20

SUMMARY OF INVENTION

A first embodiment of the present invention discloses a highly flexible,

software-based architecture for constructing distributed systems. The architecture

25 supports cooperative task completion by flexible, dynamic configurations of

autonomous electronic agents. Communication and cooperation between agents are

brokered by one or more facilitators, which are responsible for matching requests,

from users and agents, with descriptions of the capabilities of other agents. It is not

generally required that a user or agent know the identities, locations, or number of

30 other agents involved in satisfying a request, and relatively minimal effort is involved

in incorporating new agents and "wrapping" legacy applications. Extreme flexibility

is achieved through an architecture organized around the declaration of capabilities by
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service-providing agents, the construction of arbitrarily complex goals by users and

service-requesting agents, and the role of facilitators in delegating and coordinating

the satisfaction of these goals, subject to advice and constraints that may accompany

them. Additional mechanisms and features include facilities for creating and

5 maintaining shared repositories of data; the use of triggers to instantiate commitments

within and between agents; agent-based provision of multi-modal user interfaces,

including natural language; and built-in support for including the user as a privileged

member of the agent community. Specific embodiments providing enhanced

scalability are also described.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Prior Art

Prior Art FIGURE 1 depicts a networked computing model;

15 Prior Art FIGURE 2 depicts a distributed object technology based around an

Object Resource Broker;

Examples of the Invention

FIGURE 3 depicts a distributed agent system based around a facilitator agent;

FIGURE 4 presents a structure typical of one small system of the present

20 invention;

FIGURE 5 depicts an Automated Office system implemented in accordance

with an example embodiment of the present invention supporting a mobile user with a

laptop computer and a telephone;

FIGURE 6 schematically depicts an Automated Office system implemented as

25 a network of agents in accordance with a preferred embodiment of the present

invention;

FIGURE 7 schematically shows data structures internal to a facilitator in

accordance with a preferred embodiment of the present invention;

FIGURE 8 depicts operations involved in instantiating a client agent with its

30 parent facilitator in accordance with a preferred embodiment of the present invention;
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FIGURE 9 depicts operations involved in a client agent initiating a service

request and receiving the response to that service request in accordance with a certain

preferred embodiment of the present invention;

FIGURE 10 depicts operations involved in a client agent responding to a

5 service request in accordance with another preferable embodiment of the present

invention;

FIGURE 11 depicts operations involved in a facilitator agent response to a

service request in accordance with a preferred embodiment of the present invention;

FIGURE 12 depicts an Open Agent ArchitectureTM based system of agents

10 implementing a unified messaging application in accordance with a preferred

embodiment of the present invention;

FIGURE 13 depicts a map oriented graphical user interface display as might

be displayed by a multi-modal map application in accordance with a preferred

embodiment of the present invention;

15 FIGURE 14 depicts a peer to peer multiple facilitator based agent system

supporting distributed agents in accordance with a preferred embodiment of the

present invention;

FIGURE 15 depicts a multiple facilitator agent system supporting at least a

limited form of a hierarchy of facilitators in accordance with a preferred embodiment

20 of the present invention; and

FIGURE 16 depicts a replicated facilitator architecture in accordance with one

embodiment of the present invention.

BRIEF DESCRIPTION OF THE APPENDICES

25 The Appendices provide source code for an embodiment of the present

invention written in the PROLOG programming language.

APPENDIX A: Source code file named compound.pl.

APPENDIX B: Source code file named fac.pl.

APPENDIX C: Source code file named libcomtep.pl.
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APPENDIX D: Source code file named liboaa.pl.

APPENDIX E: Source code file named translations.pl.

DETAILED DESCRIPTION OF THE INVENTION

5 Figure 3 illustrates a distributed agent system 300 in accordance with one

embodiment of the present invention. The agent system 300 includes a facilitator

agent 310 and a plurality of agents 320. The illustration of Figure 3 provides a high

level view of one simple system structure contemplated by the present invention. The

facilitator agent 310 is in essence the "parent" facilitator for its "children" agents 320.

10 The agents 320 forward service requests to the facilitator agent 310. The facilitator

agent 310 interprets these requests, organizing a set of goals which are then delegated

to appropriate agents for task completion.

The system 300 of Figure 3 can be expanded upon and modified in a variety of

ways consistent with the present invention. For example, the agent system 300 can be

15 distributed across a computer network such as that illustrated in Figure 1. The

facilitator agent 310 may itself have its functionality distributed across several

different computing platforms. The agents 320 may engage in interagent

communication (also called peer to peer communications). Several different systems

300 may be coupled together for enhanced performance. These and a variety of other

20 structural configurations are described below in greater detail.

Figure 4 presents the structure typical of a small system 400 in one

embodiment of the present invention, showing user interface agents 408, several

application agents 404 and meta-agents 406, the system 400 organized as a

community of peers by their common relationship to a facilitator agent 402. As will

25 be appreciated, Figure 4 places more structure upon the system 400 than shown in

Figure 3, but both are valid representations of structures of the present invention. The

facilitator 402 is a specialized server agent that is responsible for coordinating agent

communications and cooperative problem-solving. The facilitator 402 may also

provide a global data store for its client agents, allowing them to adopt a blackboard

30 style of interaction. Note that certain advantages are found in utilizing two or more

facilitator agents within the system 400. For example, larger systems can be

assembled from multiple facilitator/client groups, each having the sort of structure
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shown in Figure 4. All agents that are not facilitators are referred to herein

generically as client agents -- so called because each acts (in some respects) as a client

of some facilitator, which provides communication and other essential services for the

client.

5 The variety of possible client agents is essentially unlimited. Some typical

categories of client agents would include application agents 404, meta-agents 406,

and user interface agents 408, as depicted in Figure 4. Application agents 404 denote

specialists that provide a collection of services of a particular sort. These services

could be domain-independent technologies (such as speech recognition, natural

10 language processing 410, email, and some forms of data retrieval and data mining) or

user-specific or domain-specific (such as a travel planning and reservations agent).

Application agents may be based on legacy applications or libraries, in which case the

agent may be little more than a wrapper that calls a pre-existing API 412, for

example. Meta-agents 406 are agents whose role is to assist the facilitator agent 402

15 in coordinating the activities of other agents. While the facilitator 402 possesses

domain-independent coordination strategies, meta-agents 406 can augment these by

using domain- and application-specific knowledge or reasoning (including but not

limited to rules, learning algorithms and planning).

With further reference to Figure 4, user interface agents 408 can play an

20 extremely important and interesting role in certain embodiments of the present

invention. By way of explanation, in some systems, a user interface agent can be

implemented as a collection of "micro-agents", each monitoring a different input

modality (point-and-click, handwriting, pen gestures, speech), and collaborating to

produce the best interpretation of the current inputs. These micro-agents are depicted

25 in Figure 4, for example, as Modality Agents 414. While describing such

subcategories of client agents is useful for purposes of illustration and understanding,

they need not be formally distinguished within the system in preferred

implementations of the present invention.

The operation of one preferred embodiment of the present invention will be

30 discussed in greater detail below, but may be briefly outlined as follows. When

invoked, a client agent makes a connection to a facilitator, which is known as its

parent facilitator. These connections are depicted as a double headed arrow between
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the client agent and the facilitator agent in Figure 3 and 4, for example. Upon

connection, an agent registers with its parent facilitator a specification of the

capabilities and services it can provide. For example, a natural language agent may

register the characteristics of its available natural language vocabulary. (For more

5 details regarding client agent connections, see the discussion of Figure 8 below.)

Later during task completion, when a facilitator determines that the registered services

416 of one of its client agents will help satisfy a goal, the facilitator sends that client a

request expressed in the Interagent Communication Language (ICL) 418. (See Figure

11 below for a more detailed discussion of the facilitator operations involved.) The

10 agent parses this request, processes it, and returns answers or status reports to the

facilitator. In processing a request, the client agent can make use of a variety of

infrastructure capabilities provided in the preferred embodiment. For example, the

client agent can use ICL 418 to request services of other agents, set triggers, and read

or write shared data on the facilitator or other client agents that maintain shared data.

15 (See the discussion of Figures 9-11 below for a more detailed discussion of request

processing.)

The functionality of each client agent are made available to the agent

community through registration of the client agent's capabilities with a facilitator 402.

A software "wrapper" essentially surrounds the underlying application program

20 performing the services offered by each client. The common infrastructure for

constructing agents is preferably supplied by an agent library. The agent library is

preferably accessible in the runtime environment of several different programming

languages. The agent library preferably minimizes the effort required to construct a

new system and maximizes the ease with which legacy systems can be "wrapped" and

25 made compatible with the agent-based architecture of the present invention.

By way of further illustration, a representative application is now briefly

presented with reference to Figures 5 and 6. In the Automated Office system depicted

in Figure 5, a mobile user with a telephone and a laptop computer can access and task

commercial applications such as calendars, databases, and email systems running

30 back at the office. A user interface (UT) agent 408, shown in Figure 6, runs on the

user's local laptop and is responsible for accepting user input, sending requests to the

facilitator 402 for delegation to appropriate agents, and displaying the results of the
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distributed computation. The user may interact directly with a specific remote

application by clicking on active areas in the interface, calling up a form or window

for that application, and making queries with standard interface dialog mechanisms.

Conversely, a user may express a task to be executed by using typed, handwritten, or

5 spoken (over the telephone) English sentences, without explicitly specifying which

agent or agents should perform the task.

For instance, if the question "What is my schedule?" is written 420 in the user

interface 408, this request will be sent 422 by the U1 408 to the facilitator 402, which

in turn will ask 424 a natural language (NL) agent 426 to translate the query into ICL

10 18. To accomplish this task, the NL agent 426 may itself need to make requests of the

agent community to resolve unknown words such as "me" 428 (the UI agent 408 can

respond 430 with the name of the current user) or "schedule" 432 (the calendar agent

434 defines this word 436). The resulting ICL expression is then routed by the

facilitator 402 to appropriate agents (in this case, the calendar agent 434) to execute

15 the request. Results are sent back 438 to the UI agent 408 for display.

The spoken request "When mail arrives for me about security, notify me

immediately." produces a slightly more complex example involving communication

among all agents in the system. After translation into ICL as described above, the

facilitator installs a trigger 440 on the mail agent 442 to look for new messages about

20 security. When one such message does arrive in its mail spool, the trigger fires, and

the facilitator matches the action part of the trigger to capabilities published by the

notification agent 446. The notification agent 446 is a meta-agent, as it makes use of

rules concerning the optimal use of different output modalities (email, fax, speech

generation over the telephone) plus information about an individual user's preferences

25 448 to determine the best way of relaying a message through available media transfer

application agents. After some competitive parallelism to locate the user (the

calendar agent 434 and database agent 450 may have different guesses as to where to

find the user) and some cooperative parallelism to produce required information

(telephone number of location, user password, and an audio file containing a text-to-

30 speech representation of the email message), a telephone agent 452 calls the user,

verifying its identity through touchtones, and then play the message.

Attorney Docket No: SRI 1 P01 6(3477)/BRC/EWJ Pa e 12 of 59DISH, Exh. 1008, p. 14

Petitioner Microsoft Corporation - Ex. 1008, p. 1175



The above example illustrates a number of inventive features. As new agents

connect to the facilitator, registering capability specifications and natural language

vocabulary, what the user can say and do dynamically changes; in other words, the

ICL is dynamically expandable. For example, adding a calendar agent to the system

5 in the previous example and registering its capabilities enables users to ask natural

language questions about their "schedule" without any need to revise code for the

facilitator, the natural language agents, or any other client agents. In addition, the

interpretation and execution of a task is a distributed process, with no single agent

defining the set of possible inputs to the system. Further, a single request can produce

10 cooperation and flexible communication among many agents, written in different

programming languages and spread across multiple machines.

Design Philosophy and Considerations

One preferred embodiment provides an integration mechanism for

15 heterogeneous applications in a distributed infrastructure, incorporating some of the

dynamism and extensibility of blackboard approaches, the efficiency associated with

.mobile objects, plus the rich and complex interactions of communicating agents.

Design goals for preferred embodiments of the present invention may be categorized

under the general headings of interoperation and cooperation, user interfaces, and

20 software engineering. These design goals are not absolute requirements, nor will they

necessarily be satisfied by all embodiments of the present invention, but rather simply

reflect the inventor's currently preferred design philosophy.

Versatile mechanisms of interoperation and cooperation

Interoperation refers to the ability of distributed software components - agents

25 - to communicate meaningfully. While every system-building framework must

provide mechanisms of interoperation at some level of granularity, agent-based

frameworks face important new challenges in this area. This is true primarily because

autonomy, the hallmark of individual agents, necessitates greater flexibility in

interactions within communities of agents. Coordination refers to the mechanisms by

30 which a community of agents is able to work together productively on some task. In

these areas, the goals for our framework are to provide flexibility in assembling
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communities of autonomous service providers, provide flexibility in structuring

cooperative interactions, impose the right amount of structure, as well as include

legacy and "owned-elsewhere" applications.

Provide flexibility in assembling communities of autonomous service providers

5 -- both at development time and at runtime. Agents that conform to the linguistic and

ontological requirements for effective communication should be able to participate in

an agent community, in various combinations, with minimal or near minimal

prerequisite knowledge of the characteristics of the other players. Agents with

duplicate and overlapping capabilities should be able to coexist within the same

10 community, with the system making optimal or near optimal use of the redundancy.

Provide flexibility in structuring cooperative interactions among the members

of a community of agents. A framework preferably provides an economical

mechanism for setting up a variety of interaction patterns among agents, without

requiring an inordinate amount of complexity or infrastructure within the individual

15 agents. The provision of a service should be independent or minimally dependent

upon a particular configuration of agents.

Impose the right amount of structure on individual agents. Different

approaches to the construction of multi-agent systems impose different requirements

on the individual agents. For example, because KQML is neutral as to the content of

20 messages, it imposes minimal structural requirements on individual agents. On the

other hand, the BDI paradigm tends to impose much more demanding requirements,

by making assumptions about the nature of the programming elements that are

meaningful to individual agents. Preferred embodiments of the present invention

should fall somewhere between the two, providing a rich set of interoperation and

25 coordination capabilities, without precluding any of the software engineering goals

defined below.

Include legacy and "owned-elsewhere" applications. Whereas legacy usually

implies reuse of an established system fully controlled by the agent-based system

developer, owned-elsewhere refers to applications to which the developer has partial

30 access, but no control. Examples of owned-elsewhere applications include data

sources and services available on the World Wide Web, via simple form-based
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interfaces, and applications used cooperatively within a virtual enterprise, which

remain the properties of separate corporate entities. Both classes of application must

preferably be able to interoperate, more or less as full-fledged members of the agent

community, without requiring an overwhelming integration effort.

5 Human-oriented user interfaces

Systems composed of multiple distributed components, and possibly dynamic

configurations of components, require the crafting of intuitive user interfaces to

provide conceptually natural interaction mechanisms, treat users as privileged

members of the agent community and support collaboration.

10 Provide conceptually natural interaction mechanisms with multiple

distributed components. When there are numerous disparate agents, and/or complex

tasks implemented by the system, the user should be able to express requests without

having detailed knowledge of the individual agents. With speech recognition,

handwriting recognition, and natural language technologies becoming more mature,

15 agent architectures should preferably support these forms of input playing increased

roles in the tasking of agent communities.

Preferably treat users as privileged members of the agent community by

providing an appropriate level of task specification within software agents, and

reusable translation mechanisms between this level and the level of human requests,

20 supporting constructs that seamlessly incorporate interactions between both human-

interface and software types of agents.

Preferably support collaboration (simultaneous work over shared data and

processing resources) between users and agents.

Realistic software engineering requirements

25 System-building frameworks should preferably address the practical concerns

of real-world applications by the specification of requirements which preferably

include: Minimize the effort required to create new agents, and to wrap existing

applications. Encourage reuse, both of domain-independent and domain-specific

components. The concept of agent orientation, like that of object orientation, provides

30 a natural conceptual framework for reuse, so long as mechanisms for encapsulation
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and interaction are structured appropriately. Support lightweight, mobile platforms.

Such platforms should be able to serve as hosts for agents, without requiring the

installation of a massive environment. It should also be possible to construct

individual agents that are relatively small and modest in their processing

5 requirements. Minimize platform and language barriers. Creation of new agents, as

well as wrapping of existing applications, should not require the adoption of a new

language or environment.

Mechanisms of Cooperation

Cooperation among agents in accordance with the present invention is

10 preferably achieved via messages expressed in a common language, ICL.

Cooperation among agent is further preferably structured around a three-part

approach: providers of services register capabilities specifications with a facilitator,

requesters of services construct goals and relay them to a facilitator, and facilitators

coordinate the efforts of the appropriate service providers in satisfying these goals.

* 15 The Interagent Communication Language (ICL)

Interagent Communication Language ("ICL") 418 refers to an interface,

communication, and task coordination language preferably shared by all agents,

regardless of what platform they run on or what computer language they are

programmed in. ICL may be used by an agent to task itself or some subset of the

20 agent community. Preferably. ICL allows agents to specify explicit control

parameters while simultaneously supporting expression of goals in an underspecified,

loosely constrained manner. In a further preferred embodiment, agents employ ICL to

perform queries, execute actions, exchange information, set triggers, and manipulate

data in the agent community.

25 In a further preferred embodiment, a program element expressed in ICL is the

event. The activities of every agent, as well as communications between agents, are

preferably structured around the transmission and handling of events. In

communications, events preferably serve as messages between agents; in regulating

the activities of individual agents, they may preferably be thought of as goals to be

30 satisfied. Each event preferably has a type, a set of parameters, and content. For

example, the agent library procedure oaaSolve can be used by an agent to request
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services of other agents. A call to oaaSolve, within the code of agent A, results in an

event having the form

evpostsolve(Goal, Params)

going from A to the facilitator, where ev-postsolve is the type, Goal is the content,

5 and Params is a list of parameters. The allowable content and parameters preferably

vary according to the type of the event.

The ICL preferably includes a layer of conversational protocol and a content

layer. The conversational layer of ICL is defined by the event types, together with the

parameter lists associated with certain of these event types. The content layer consists

10 of the specific goals, triggers, and data elements that may be embedded within various

events.

The ICL conversational protocol is preferably specified using an orthogonal,

parameterized approach, where the conversational aspects of each element of an

interagent conversation are represented by a selection of an event type and a selection

15 of values from at least one orthogonal set of parameters. This approach offers greater

expressiveness than an approach based solely on a fixed selection of speech acts, such

as embodied in KQML. For example, in KQML, a request to satisfy a query can

employ either of the performatives ask-all or askone. In ICL, on the other hand, this

type of request preferably is expressed by the event type ev-postsolve, together with

20 the solutionlimit(N) parameter - where N can be any positive integer. (A request for

all solutions is indicated by the omission of the solutionlimit parameter.) The request

can also be accompanied by other parameters, which combine to further refine its

semantics. In KQML, then, this example forces one to choose between two possible

conversational options, neither of which may be precisely what is desired. In either

25 case, the performative chosen is a single value that must capture the entire

conversational characterization of the communication. This requirement raises a

difficult challenge for the language designer, to select a set of performatives that

provides the desired functionality without becoming unmanageably large.

Consequently, the debate over the right set of performatives has consumed much

30 discussion within the KQML community.

The content layer of the ICL preferably supports unification and other features

found in logic programming language environments such as PROLOG. In some
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embodiments, the content layer of the ICL is simply an extension of at least one

programming language. For example, the Applicants have found that PROLOG is

suitable for implementing and extending into the content layer of the ICL. The agent

libraries preferably provide support for constructing, parsing, and manipulating ICL

5 expressions. It is possible to embed content expressed in other languages within an

ICL event. However, expressing content in ICL simplifies the facilitator's access to

the content, as well as the conversational layer, in delegating requests. This gives the

facilitator more information about the nature of a request and helps the facilitator

decompose compound requests and delegate the sub-requests.

10 Further, ICL expressions preferably include, in addition to events, at least one

of the following: capabilities declarations, requests for services, responses to requests,

trigger specifications, and shared data elements. A further preferred embodiment of

the present invention incorporates ICL expressions including at least all of the

following: events, capabilities declarations, requests for services, responses to

15 requests, trigger specifications, and shared data elements.

Providing Services: Specifying "Solvables"

In a preferred embodiment of the present invention, every participating agent

defines and publishes a set of capability declarations, expressed in ICL, describing the

services that it provides. These declarations establish a high-level interface to the

20 agent. This interface is used by a facilitator in communicating with the agent, and,

most important, in delegating service requests (or parts of requests) to the agent.

Partly due to the use of PROLOG as a preferred basis for ICL, these capability

declarations are referred as solvables. The agent library preferably provides a set of

procedures allowing an agent to add, remove, and modify its solvables, which it may

25 preferably do at any time after connecting to its facilitator.

There are preferably at least two major types of solvables: procedure solvables

and data solvables. Intuitively, a procedure solvable performs a test or action,

whereas a data solvable provides access to a collection of data. For example, in

creating an agent for a mail system, procedure solvables might be defined for sending

30 a message to a person, testing whether a message about a particular subject has

arrived in the mail queue, or displaying a particular message onscreen. For a database
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wrapper agent, one might define a distinct data solvable corresponding to each of the

relations present in the database. Often, a data solvable is used to provide a shared

data store, which may be not only queried, but also updated, by various agents having

the required permissions.

5 There are several primary technical differences between these two types of

solvables. First, each procedure solvable must have a handler declared and defined

for it, whereas this is preferably not necessary for a data solvable. The handling of

requests for a data solvable is preferably provided transparently by the agent library.

Second, data solvables are preferably associated with a dynamic collection of facts (or

10 clauses), which may be further preferably modified at runtime, both by the agent

providing the solvable, and by other agents (provided they have the required

permissions). Third, special features, available for use with data solvables, preferably

facilitate maintaining the associated facts. In spite of these differences, it should be

noted that the mechanism of use by which an agent requests a service is the same for

15 the two types of solvables.

In one embodiment, a request for one of an agent's services normally arrives in

the form of an event from the agent's facilitator. The appropriate handler then deals

with this event. The handler may be coded in whatever fashion is most appropriate,

depending on the nature of the task, and the availability of task-specific libraries or

20 legacy code, if any. The only hard requirement is that the handler return an

appropriate response to the request, expressed in 1CL. Depending on the nature of the

request, this response could be an indication of success or failure, or a list of solutions

(when the request is a data query).

A solvable preferably has three parts: a goal, a list of parameters, and a list of

25 permissions, which are declared using the format:

solvable(Goal, Parameters, Permissions)

The goal of a solvable, which syntactically takes the preferable form of an ICL

structure, is a logical representation of the service provided by the solvable. (An ICL

structure consists of afunctor with 0 or more arguments. For example, in the structure

30 a(b,c), 'a' is the functor, and 'b' and 'c' the arguments.) As with a PROLOG structure,

the goal's arguments themselves may preferably be structures.
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Various options can be included in the parameter list, to refine the semantics

associated with the solvable. The type parameter is preferably used to say whether the

solvable is data or procedure. When the type is procedure, another parameter may be

used to indicate the handler to be associated with the solvable. Some of the

5 parameters appropriate for a data solvable are mentioned elsewhere in this

application. In either case (procedure or data solvable), the private parameter may be

preferably used to restrict the use of a solvable to the declaring agent when the agent

intends the solvable to be solely for its internal use but wishes to take advantage of the

mechanisms in accordance with the present invention to access it, or when the agent

10 wants the solvable to be available to outside agents only at selected times. In support

of the latter case, it is preferable for the agent to change the status of a solvable from

private to non-private at any time.

The permissions of a solvable provide mechanisms by which an agent may

preferably control access to its services allowing the agent to restrict calling and

15 writing of a solvable to itself andlor other selected agents. (Calling means requesting

the service encapsulated by a solvable, whereas writing means modifying the

collection of facts associated with a data solvable.) The default permission for every

solvable in a further preferred embodiment of the present invention is to be callable

by anyone, and for data solvables to be writable by anyone. A solvable's permissions

20 can preferably be changed at any time, by the agent providing the solvable.

For example, the solvables of a simple email agent might include:

solvable(sendmessage(email, +ToPerson, +Params),
[type (procedure), callback(sendmail)],

[1)
25 solvable(lastmessage(email, -MessageId),

[type(data), single-value (true)],
[write(true)]),

solvable (getmessage(email, +Messageid, -
Msg) ,

30 [type (procedure), callback(getmail)],

[1)

The symbols '+' and '-', indicating input and output arguments, are at present

used only for purposes of documentation. Most parameters and permissions have

default values, and specifications of default values may be omitted from the

35 parameters and permissions lists.
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Defining an agent's capabilities in terms of solvable declarations effectively

creates a vocabulary with which other agents can communicate with the new agent.

Ensuring that agents will speak the same language and share a common, unambiguous

semantics of the vocabulary involves ontology. Agent development tools and services

5 (automatic translations of solvables by the facilitator) help address this issue;

additionally, a preferred embodiment of the present invention will typically rely on

vocabulary from either formally engineered ontologies for specific domains or from

ontologies constructed during the incremental development of a body of agents for

several applications or from both specific domain ontologies and incrementally

10 developed ontologies. Several example tools and services are described in Cheyer et

al.'s paper entitled "Development Tools for the Open Agent Architecture," as

presented at the Practical Application of Intelligent Agents and Multi-Agent

Technology (PAAM 96), London, April 1996.

Although the present invention imposes no hard restrictions on the form of

15 solvable declarations, two common usage conventions illustrate some of the utility

associated with solvables.

Classes of services are often preferably tagged by a particular type. For

instance, in the example above, the "last-message" and "get-message" solvables are

specialized for email, not by modifying the names of the services, but rather by the

20 use of the 'email' parameter, which serves during the execution of an ICL request to

select (or not) a specific type of message.

Actions are generally written using an imperative verb as the functor of the

solvable in a preferred embodiment of the present invention, the direct object (or item

class) as the first argument of the predicate, required arguments following, and then

25 an extensible parameter list as the last argument. The parameter list can hold optional

information usable by the function. The ICL expression generated by a natural

language parser often makes use of this parameter list to store prepositional phrases

and adjectives.

As an illustration of the above two points, "Send mail to Bob about lunch" will

30 be translated into an ICL request sendmessage(email, 'Bob Jones', [subject(lunch)]),

whereas "Remind Bob about lunch" would leave the transport unspecified
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(send-message(KIND, 'Bob Jones', [subject(lunch)])), enabling all available message

transfer agents (e.g., fax, phone, mail, pager) to compete for the opportunity to carry

out the request.

Requesting Services

5 An agent preferably requests services of the community of agent by delegating

tasks or goals to its facilitator. Each request preferably contains calls to one or more

agent solvables, and optionally specifies parameters containing advice to help the

facilitator determine how to execute the task. Calling a solvable preferably does not

require that the agent specify (or even know of) a particular agent or agents to handle

10 the call. While it is possible to specify one or more agents using an address parameter

(and there are situations in which this is desirable), in general it is advantageous to

leave this delegation to the facilitator. This greatly reduces the hard-coded

component dependencies often found in other distributed frameworks. The agent

libraries of a preferred embodiment of the present invention provide an agent with a

15 single, unified point of entry for requesting services of other agents: the library
procedure oaaSolve. In the style of logic programming, oaa_Solve may preferably

be used both to retrieve data and to initiate actions, so that calling a data solvable

looks the same as calling a procedure solvable.

Complex Goal Expressions

20 A powerful feature provided by preferred embodiments of the present

invention is the ability of a client agent (or a user) to submit compound goals of an

arbitrarily complex nature to a facilitator. A compound goal is a single goal

expression that specifies multiple sub-goals to be performed. In speaking of a

"complex goal expression" we mean that a single goal expression that expresses

25 multiple sub-goals can potentially include more than one type of logical connector

(e.g., AND, OR, NOT), and/or more than one level of logical nesting (e.g., use of

parentheses), or the substantive equivalent. By way of further clarification, we note

that when speaking of an "arbitrarily complex goal expression" we mean that goals

are expressed in a language or syntax that allows expression of such complex goals

30 when appropriate or when desired, not that every goal is itself necessarily complex.
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It is contemplated that this ability is provided through an interagent

communication language having the necessary syntax and semantics. In one example,

the goals may take the form of compound goal expressions composed using operators

similar to those employed by PROLOG, that is, the comma for conjunction, the

5 semicolon for disjunction, the arrow for conditional execution, etc. The present

invention also contemplates significant extensions to PROLOG syntax and semantics.

For example, one embodiment incorporates a "parallel disjunction" operator

indicating that the disjuncts are to be executed by different agents concurrently. A

further embodiment supports the specification of whether a given sub-goal is to be

10 executed breadth-first or depth-first.

A further embodiment supports each sub-goal of a compound goal optionally

having an address and/or a set of parameters attached to it. Thus, each sub-goal takes

the form

Address:Goal: :Parameters

15 where both Address and Parameters are optional.

An address, if present, preferably specifies one or more agents to handle the

given goal, and may employ several different types of referring expression: unique

names, symbolic names, and shorthand names. Every agent has preferably a unique

name, assigned by its facilitator, which relies upon network addressing schemes to

20 ensure its global uniqueness. Preferably, agents also have self-selected symbolic

names (for example, "mail"), which are not guaranteed to be unique. When an

address includes a symbolic name, the facilitator preferably takes this to mean that all

agents having that name should be called upon. Shorthand names include 'self and

parent' (which refers to the agent's facilitator). The address associated with a goal or

25 sub-goal is preferably always optional. When an address is not present, it is the

facilitator's job to supply an appropriate address.

The distributed execution of compound goals becomes particularly powerful

when used in conjunction with natural language or speech-enabled interfaces, as the

query itself may specify how functionality from distinct agents will be combined. As

30 a simple example, the spoken utterance "Fax it to Bill Smith's manager." can be

translated into the following compound ICL request:

oaaSolve((manager('Bill Smith', M), fax(it,M,[])), [strategy(action)])
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Note that in this ICL request there are two sub-goals, "manager('Bill

Smith',M)" and "fax(it,M,[])," and a single global parameter "strategy(action)."

According to the present invention, the facilitator is capable of mapping global

parameters in order to apply the constraints or advice across the separate sub-goals in

5 a meaningful way. In this instance, the global parameter strategy(action) implies a

parallel constraint upon the first sub-goal; i.e., when there are multiple agents that

can respond to the manager sub-goal, each agent should receive a request for service.

In contrast, for the second sub-goal, parallelism should not be inferred from the global

parameter strategy(action) because such an inference would possibly result in the

10 transmission of duplicate facsimiles.

Refining Service Requests

In a preferred embodiment of the present invention, parameters associated

with a goal (or sub-goal) can draw on useful features to refine the request's meaning.

For example, it is frequently preferred to be able to specify whether or not solutions

15 are to be returned synchronously; this is done using the reply parameter, which can

take any of the values synchronous, asynchronous, or none. As another example,

when the goal is a non-compound query of a data solvable, the cache parameter may

preferably be used to request local caching of the facts associated with that solvable.

Many of the remaining parameters fall into two categories: feedback and advice.

20 Feedback parameters allow a service requester to receive information from

the facilitator about how a goal was handled. This feedback can include such things as

the identities of the agents involved in satisfying the goal, and the amount of time

expended in the satisfaction of the goal.

Advice parameters preferably give constraints or guidance to the facilitator in

25 completing and interpreting the goal. For example, a solution-limit parameter

preferably allows the requester to say how many solutions it is interested in; the

facilitator and/or service providers are free to use this information in optimizing their

efforts. Similarly, a time-limit is preferably used to say how long the requester is

willing to wait for solutions to its request, and, in a multiple facilitator system, a

30 level-limit may preferably be used to say how remote the facilitators may be that are

consulted in the search for solutions. A priority parameter is preferably used to
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indicate that a request is more urgent than previous requests that have not yet been

satisfied. Other preferred advice parameters include but are not limited to parameters

used to tell the facilitator whether parallel satisfaction of the parts of a goal is

appropriate, how to combine and filter results arriving from multiple solver agents,

5 and whether the requester itself may be considered a candidate solver of the sub-goals

of a request.

Advice parameters preferably provide an extensible set of low-level,

orthogonal parameters capable of combining with the ICL goal language to fully

express how information should flow among participants. In certain preferred

10 embodiments of the present invention, multiple parameters can be grouped together

and given a group name. The resulting high-level advice parameters can preferably

be used to express concepts analogous to KQML's performatives, as well as define

classifications of problem types. For instance, KQML's "askall" and "askone"

performatives would be represented as combinations of values given to the parameters

15 reply, parallelok, and solutionlimit. As an example of a higher-level problem type,

the strategy "math-problem" might preferably send the query to all appropriate math

solvers in parallel, collect their responses, and signal a conflict if different answers are

returned. The strategy "essay-question" might preferably send the request to all

appropriate participants, and signal a problem (i.e., cheating) if any of the returned

20 answers are identical.

Facilitation

In a preferred embodiment of the present invention, when a facilitator receives

a compound goal, its job is to construct a goal satisfaction plan and oversee its

satisfaction in an optimal or near optimal manner that is consistent with the specified

25 advice. The facilitator of the present invention maintains a knowledge base that

records the capabilities of a collection of agents, and uses that knowledge to assist

requesters and providers of services in making contact.

Figure 7 schematically shows data structures 700 internal to a facilitator in

accordance with one embodiment of the present invention. Consider the function of a

30 Agent Registry 702 in the present invention. Each registered agent may be seen as

associated with a collection of fields found within its parent facilitator such as shown

in the figure. Each registered agent may optionally possess a Symbolic Name which
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would be entered into field 704. As mentioned elsewhere, Symbolic Names need not

be unique to each instance of an agent. Note that an agent may in certain preferred

embodiments of the present invention possess more than one Symbolic Name. Such

Symbolic Names would each be found through their associations in the Agent

5 Registry entries. Each agent, when registered, must possess a Unique Address, which

is entered into the Unique Address field 706.

With further reference to Figure 7, each registered agent may be optionally

associated with one or more capabilities, which have associated Capability

Declaration fields 708 in the parent facilitator Agent Registry 702. These capabilities

10 may define not just functionality, but may further provide a utility parameter

indicating, in some manner (e.g., speed, accuracy, etc), how effective the agent is at

providing the declared capability. Each registered agent may be optionally associated

with one or more data components, which have associated Data Declaration fields 710

in the parent facilitator Agent Registry 702. Each registered agent may be optionally

15 associated with one or more triggers, which preferably could be referenced through

their associated Trigger Declaration fields 712 in the parent facilitator Agent Registry

702. Each registered agent may be optionally associated with one or more tasks,

which preferably could be referenced through their associated Task Declaration fields

714 in the parent facilitator Agent Registry 702. Each registered agent may be

20 optionally associated with one or more Process Characteristics, which preferably

could be referenced through their associated Process Characteristics Declaration fields

716 in the parent facilitator Agent Registry 702. Note that these characteristics in

certain preferred embodiments of the present invention may include one or more of

the following: Machine Type (specifying what type of computer may run the agent),

25 Language (both computer and human interface).

A facilitator agent in certain preferred embodiments of the present invention

further includes a Global Persistent Database 720. The database 720 is composed of

data elements which do not rely upon the invocation or instantiation of client agents

for those data elements to persist. Examples of data elements which might be present

30 in such a database include but are not limited to the network address of the facilitator

agent's server, facilitator agent's server accessible network port list, firewalls, user
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lists, and security options regarding the access of server resources accessible to the

facilitator agent.

A simplified walk through of operations involved in creating a client agent, a

client agent initiating a service request, a client agent responding to a service request

5 and a facilitator agent responding to a service request are including hereafter by way

of illustrating the use of such a system. These figures and their accompanying

discussion are provided by way of illustration of one preferred embodiment of the

present invention and are not intended to limit the scope of the present invention.

Figure 8 depicts operations involved in instantiating a client agent with its

10 parent facilitator in accordance with a preferred embodiment of the present invention.

The operations begin with starting the Agent Registration in a step 800. In a next step

802, the Installer, such as a client or facilitator agent, invokes a new client agent. It

will be appreciated that any computer entity is capable of invoking a new agent. The

system then instantiates the new client agent in a step 804. This operation may

15 involve resource allocations somewhere in the network on a local computer system

for the client agent, which will often include memory as well as placement of

references to the newly instantiated client agent in internal system lists of agents

within that local computing system. Once instantiated, the new client and its parent

facilitator establish a communications link in a step 806. In certain preferred

20 embodiments, this communications link involves selection of one or more physical

transport mechanisms for this communication. Once established, the client agent

transmits it profile to the parent facilitator in a step 808. When received, the parent

facilitator registers the client agent in a step 810. Then, at a step 812, a client agent

has been instantiated in accordance with one preferred embodiment of the present

25 invention.

Figure 9 depicts operations involved in a client agent initiating a service

request and receiving the response to that service request in accordance with a

preferred embodiment of the present invention. The method of Figure 9 begins in a

step 900, wherein any initialization or other such procedures may be performed.

30 Then, in a step 902, the client agent determines a goal to be achieved (or solved).

This goal is then translated in a step 904 into ICL, if it is not already formulated in it.

The goal, now stated in ICL, is then transmitted to the client agent's parent facilitator
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in a step 906. The parent facilitator responds to this service request and at a later

time, the client agent receives the results of the request in a step 908, operations of

Figure 9 being complete in a done step 910.

FIGURE 10 depicts operations involved in a client agent responding to a

5 service request in accordance with a preferred embodiment of the present invention.

Once started in a step 1000, the client agent receives the service request in a step

1002. In a next step 1004, the client agent parses the received request from ICL. The

client agent then determines if the service is available in a step 1006. If it is not, the

client agent returns a status report to that effect in a step 1008. If the service is

10 available, control is passed to a step 1010 where the client perforns the requested

service. Note that in completing step 1010 the client may form complex goal

expressions, requesting results for these solvables from the facilitator agent. For

example, a fax agent might fax a document to a certain person only after requesting

and receiving a fax number for that person. Subsequently, the client agent either

15 returns the results of the service and/or a status report in a step 1012. The operations

of Figure 10 are complete in a done step 1014.

FIGURE 11 depicts operations involved in a facilitator agent response to a

service request in accordance with a preferred embodiment of the present invention.

The start of such operations in step 1100 leads to the reception of a goal request in a

20 step 1102 by the facilitator. This request is then parsed and interpreted by the

facilitator in a step 1104. The facilitator then proceeds to construct a goal satisfaction

plan in a next step 1106. In steps 1108 and 1110, respectively, the facilitator

determines the required sub-goals and then selects agents suitable for performing the

required sub-goals. The facilitator then transmits the sub-goal requests to the selected

25 agents in a step 1112 and receives the results of these transmitted requests in a step

1114. It should be noted that the actual implementation of steps 1112 and 1114 are

dependent upon the specific goal satisfaction plan. For instance, certain sub-goals

may be sent to separate agents in parallel, while transmission of other sub-goals may

be postponed until receipt of particular answers. Further, certain requests may

30 generate multiple responses that generate additional sub-goals. Once the responses

have been received, the facilitator determines whether the original requested goal has

been completed in a step 1118. If the original requested goal has not been completed,
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the facilitator recursively repeats the operations 1106 through 1116. Once the original

requested goal is completed, the facilitator returns the results to the requesting agent

1118 and the operations are done at 1120.

A further preferred embodiment of the present invention incorporates

5 transparent delegation, which means that a requesting agent can generate a request,

and a facilitator can manage the satisfaction of that request, without the requester

needing to have any knowledge of the identities or locations of the satisfying agents.

In some cases, such as when the request is a data query, the requesting agent may also

be oblivious to the number of agents involved in satisfying a request. Transparent

10 delegation is possible because agents' capabilities (solvables) are treated as an abstract

description of a service, rather than as an entry point into a library or body of code.

A further preferred embodiment of the present invention incorporates

facilitator handling of compound goals, preferably involving three types of

processing: delegation, optimization and interpretation.

15 Delegation processing preferably supports facilitator determination of which

specific agents will execute a compound goal and how such a compound goal's sub-

goals will be combined and the sub-goal results routed. Delegation involves selective

application of global and local constraint and advice parameters onto the specific sub-

goals. Delegation results in a goal that is unambiguous as to its meaning and as to the

20 agents that will participate in satisfying it.

Optimization processing of the completed goal preferably includes the

facilitator using sub-goal parallelization where appropriate. Optimization results in a

goal whose interpretation will require as few exchanges as possible, between the

facilitator and the satisfying agents, and can exploit parallel efforts of the satisfying

25 agents, wherever this does not affect the goal's meaning.

Interpretation processing of the optimized goal. Completing the addressing of

a goal involves the selection of one or more agents to handle each of its sub-goals

(that is, each sub-goal for which this selection has not been specified by the

requester). In doing this, the facilitator uses its knowledge of the capabilities of its

30 client agents (and possibly of other facilitators, in a multi-facilitator system). It may

also use strategies or advice specified by the requester, as explained below. The
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interpretation of a goal involves the coordination of requests to the satisfying agents,

and assembling their responses into a coherent whole, for return to the requester.

A further preferred embodiment of present invention extends facilitation so the

facilitator can employ strategies and advice given by the requesting agent, resulting in

5 a variety of interaction patterns that may be instantiated in the satisfaction of a

request.

A further preferred embodiment of present invention handles the distribution

of both data update requests and requests for installation of triggers, preferably using

some of the same strategies that are employed in the delegation of service requests.

10 Note that the reliance on facilitation is not absolute; that is, there is no hard

requirement that requests and services be matched up by the facilitator, or that

interagent communications go through the facilitator. There is preferably support in

the agent library for explicit addressing of requests. However, a preferred

embodiment of the present invention encourages employment the paradigm of agent

15 communities, minimizing their development effort, by taking advantage of the

facilitator's provision of transparent delegation and handling of compound goals.

A facilitator is preferably viewed as a coordinator, not a controller, of

cooperative task completion. A facilitator preferably never initiates an activity. A

facilitator preferably responds to requests to manage the satisfaction of some goal, the

20 update of some data repository, or the installation of a trigger by the appropriate agent

or agents. All agents can preferably take advantage of the facilitator's expertise in

delegation, and its up-to-date knowledge about the current membership of a dynamic

community. The facilitator's coordination services often allows the developer to

lessen the complexity of individual agents, resulting in a more manageable software

25 development process, and enabling the creation of lightweight agents.

Maintaining Data Repositories

The agent library supports the creation, maintenance, and use of databases, in

the form of data solvables. Creation of a data solvable requires only that it be

declared. Querying a data solvable, as with access to any solvable, is done using

30 oaaSolve.
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A data solvable is conceptually similar to a relation in a relational database.

The facts associated with each solvable are maintained by the agent library, which

also handles incoming messages containing queries of data solvables. The default

behavior of an agent library in managing these facts may preferably be refined, using

5 parameters specified with the solvable's declaration. For example, the parameter

single-value preferably indicates that the solvable should only contain a single fact at

any given point in time. The parameter unique-yalues preferably indicates that no

duplicate values should be stored.

Other parameters preferably allow data solvables use of the concepts of

10 ownership and persistence. For implementing shared repositories, it is often

preferable to maintain a record of which agent created each fact of a data solvable

with the creating agent being preferably considered the fact's owner. In many

applications, it is preferable to remove an agent's facts when that agent goes offline

(for instance, when the agent is no longer participating in the agent community,

15 whether by deliberate termination or by malfunction). When a data solvable is

declared to be non-persistent, its facts are automatically maintained in this way,

whereas a persistent data solvable preferably retains its facts until they are explicitly

removed.

A further preferred embodiment of present invention supports an agent library

20 through procedures by which agents can update (add, remove, and replace) facts

belonging to data solvables, either locally or on other agents, given that they have

preferably the required permissions. These procedures may preferably be refined

using many of the same parameters that apply to service requests. For example, the

address parameter preferably specifies one or more -particular agents to which the

25 update request applies. In its absence, just as with service requests, the update request

preferably goes to all agents providing the relevant data solvable. This default

behavior can be used to maintain coordinated "mirror" copies of a data set within

multiple agents, and can be useful in support of distributed, collaborative activities.

Similarly, the feedback parameters., described in connection with oaaSolve,

30 are preferably available for use with data maintenance requests.
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A further preferred embodiment of present invention supports ability to

provide data solvables not just to client agents, but also to facilitator agents. Data

solvables can preferably created, maintained and used by a facilitator. The facilitator

preferably can, at the request of a client of the facilitator, create, maintain and share

5 the use of data solvables with all the facilitator's clients. This can be useful with

relatively stable collections of agents, where the facilitator's workload is predictable.

Using a Blackboard Style of Communication

In a further preferred embodiment of present invention, when a data solvable

10 is publicly readable and writable, it acts essentially as a global data repository and can

be used cooperatively by a group of agents. In combination with the use of triggers,

this allows the agents to organize their efforts around a "blackboard" style of

communication.

As an example, the "DCG-NL" agent (one of several existing natural language

15 processing agents), provides natural language processing services for a variety of its

peer agents, expects those other agents to record, on the facilitator, the vocabulary to

which they are prepared to respond, with an indication of each word's part of speech,

and of the logical form (ICL sub-goal) that should result from the use of that word. In

a further preferred embodiment of present invention, the NL agent, preferably when it

20 comes online, preferably installs a data solvable for each basic part of speech on its

facilitator. For instance, one such solvable would be:

solvable(noun(Meaning, Syntax), [], [])

Note that the empty lists for the solvable's permissions and parameters are acceptable

here, since the default permissions and parameters provide appropriate functionality.

25 A further preferred embodiment of present invention incorporating an Office

Assistant system as discussed herein or similar to the discussion here supports several

agents making use of these or similar services. For instance, the database agent uses

the following call, to library procedure oaaAddData, to post the noun 'boss', and to

indicate that the "meaning" of boss is the concept 'manager':

30 oaaAddData(noun(manager, atom(boss)), [address(parent)])
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Autonomous Monitoring with Triggers

A further preferred embodiment of present invention includes support for

triggers, providing a general mechanism for requesting some action be taken when a

set of conditions is met. Each agent can preferably install triggers either locally, for

5 itself, or remotely, on its facilitator or peer agents. There are preferably at least four

types of triggers: communication, data, task, and time. In addition to a type, each

trigger preferably specifies at least a condition and an action, both preferably

expressed in ICL. The condition indicates under what circumstances the trigger should

fire, and the action indicates what should happen when it fires. In addition, each

10 trigger can be set to fire either an unlimited number of times, or a specified number of

times, which can be any positive integer.

Triggers can be used in a variety of ways within preferred embodiments of the

present invention. For example, triggers can be used for monitoring external sensors

in the execution environment, tracking the progress of complex tasks, or coordinating

15 communications between agents that are essential for the synchronization of related

tasks. The installation of a trigger within an agent can be thought of as a

representation of that agent's commitment to carry out the specified action, whenever

the specified condition holds true.

Communication triggers preferably allow any incoming or outgoing event

20 (message) to be monitored. For instance, a simple communication trigger may say

something like: "Whenever a solution to a goal is returned from the facilitator, send

the result to the presentation manager to be displayed to the user."

Data triggers preferably monitor the state of a data repository (which can be

maintained on a facilitator or a client agent). Data triggers' conditions may be tested

25 upon the addition, removal, or replacement of a fact belonging to a data solvable. An

example data trigger is: "When 15 users are simultaneously logged on to a machine,

send an alert message to the system administrator."

Task triggers preferably contain conditions that are tested after the processing

of each incoming event and whenever a timeout occurs in the event polling. These

30 conditions may specify any goal executable by the local ICL interpreter, and most

often are used to test when some solvable becomes satisfiable. Task triggers are
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useful in checking for task-specific internal conditions. Although in many cases such

conditions are captured by solvables, in other cases they may not be. For example, a

mail agent might watch for new incoming mail, or an airline database agent may

monitor which flights will arrive later than scheduled. An example task trigger is:

5 "When mail arrives for me about security, notify me immediately."

Time triggers preferably monitor time conditions. For instance, an alarm

trigger can be set to fire at a single fixed point in time (e.g., "On December 23rd at

3pm"), or on a recurring basis (e.g., "Every three minutes from now until noon").

Triggers are preferably implemented as data solvables, declared implicitly for

10 every agent. When requesting that a trigger be installed, an agent may use many of the

same parameters that apply to service and data maintenance requests.

A further preferred embodiment of present invention incorporates semantic

support, in contrast with most programming methodologies, of the agent on which the

trigger is installed only having to know how to evaluate the conditional part of the

15 trigger, not the consequence. When the trigger fires, the action is delegated to the

facilitator for execution. Whereas many commercial mail programs allow rules of the

form "When mail arrives about XXX, [forward it, delete it, archive it]", the possible

actions are hard-coded and the user must select from a fixed set.

A further preferred embodiment of present invention, the consequence of a

20 trigger may be any compound goal executable by the dynamic community of agents.

Since new agents preferably define both functionality and vocabulary, when an

unanticipated agent (for example, a fax agent) joins the community, no modifications

to existing code is required for a user to make use of it - "When mail arrives, fax it to

Bill Smith."

25

The Agent Library

In a preferred embodiment of present invention, the agent library provides the

infrastructure for constructing an agent-based system. The essential elements of

protocol (involving the details of the messages that encapsulate a service request and

30 its response) are preferably made transparent to simplify the programming

applications. This enables the developer to focus functionality, rather than message
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construction details and communication details. For example, to request a service of

another agent, an agent preferably calls the library procedure oaaSolve. This call

results in a message to a facilitator, which will exchange messages with one or more

service providers, and then send a message containing the desired results to the

5 requesting agent. These results are returned via one of the arguments of oaaSolve.

None of the messages involved in this scenario is explicitly constructed by the agent

developer. Note that this describes the synchronous use of oaaSolve.

In another preferred embodiment of present invention, an agent library

provides both intraagent and interagent infrastructure; that is, mechanisms supporting

10 the internal structure of individual agents, on the one hand, and mechanisms of

cooperative interoperation between agents, on the other. Note that most of the

infrastructure cuts across this boundary with many of the same mechanisms

supporting both agent internals and agent interactions in an integrated fashion. For

example, services provided by an agent preferably can be accessed by that agent

15 through the same procedure (oaaSol'e) that it would employ to request a service of

another agent (the only difference being in the address parameter accompanying the

request). This helps the developer to reuse code and avoid redundant entry points into

the same functionality.

Both of the preferred characteristics described above (transparent construction

20 of messages and integration of intraagent with interagent mechanisms) apply to most

other library functionality as well, including but not limited to data management and

temporal control mechanisms.

Source Code Appendix

Source code for version 2.0 of theOAA software product is included as an

25 appendix hereto, and is incorporated herein by reference. The code includes an agent

library, which provides infrastructure for constructing an agent-based system. The

library's several families of procedures provide the functionalities discussed above, as

well as others that have not been discussed here but that will be sufficiently clear to

the interested practitioner. For example, declarations of an agent's solvables, and their

30 registration with a facilitator, are managed using procedures such as oaaDeclare,

oaaUndeclare, and oaaRedeclare. Updates to data solvables can be accomplished

with a family of procedures including oaa AddData, oaa RemoveData, and
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oaaReplaceData. Similarly, triggers are maintained using procedures such as

oaaAddTrigger, oaaRemoveTrigger, and oaajReplaceTrigger. The provided

source code also includes source code for an OAA Facilitator Agent.

The source code appendix is offered solely as a means of further helping

5 practitioners to construct a preferred embodiment of the invention. By no means is

the source code intended to limit the scope of the present invention.

Illustrative Applications

To further illustrate the technology of the preferred embodiment, we will next

present and discuss two sample applications of the present inventions.

io Unified Messaging

A further preferred embodiment of present invention incorporates a Unified

Messaging application extending the Automated Office application presented

previously herein with an emphasis on ubiquitous access and dynamic presentation of

the information and services supported by the agent community. The agents used in

15 this application are depicted in Figure 12.

A hypothetical example of realistic dialog using a preferred embodiment of

the present invention can provide insight into how systems may preferably be built

using the present invention. In this scenario, the user, with only a telephone as an

interface, is planning a trip to Boston where he will soon give a presentation.

20 Capitalized sentences are phrases spoken by the user into the telephone and processed

by a phone agent 452.

Responses, unless otherwise indicated, are spoken by the system using text-to-
speech generation agent 454.

25 1.1 Welcome to SRI International. Please enter your
user ID and password.

<User enters touchtone ID and password>

Good to see you again Adam Cheyer. I am

listening to you.

30 Every user interface agent 408, including the telephone agent 452, should

know the identify of its user. This information is used in resolving anaphoric
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references such as "me" and "I", and allows multiple user interfaces operated by the

same user to work together.

1.2 WHAT IS TODAY'S SCHEDULE?
Here is today's schedule for Adam Cheyer:

5 At 10am for 1 hour, meeting with Dave.
At 3pm for 1 hour, presentation about software

agents.

End of schedule.

If the user is operating both a graphical user interface and a telephone, as

10 described in conjunction with the Automated Office application, the result of this

spoken request is to display a calendar window containing the current schedule. In

this case, with no graphical display available, the GENNL agent 1202 is tasked to

produce a spoken response that can be played over the phone. GENNL shares the

same dynamic vocabulary and phrasal rules as the natural language parser DCGNL

15 426, and contains strategies for producing responses to queries using either simple or

list-based multimedia utterances.

1.3 FIND FRIDAY'S WEATHER IN BOSTON.
The weather in Boston for Friday is as follows:

Sunny in the morning. Partly cloudy in the
20 afternoon with a 20

percent chance of thunderstorms late. Highs in the
mid 70s.

In addition to data accessible from legacy applications, content may be

retrieved by web-reading agents which provide wrappers around useful websites.

25 1.4 FIND ALL NEW MAIL MESSAGES.
There are 2 messages available.
Message 1, from Mark Tierny, entitled "OAA meeting."

1.5 NEXT MESSAGE
Message 2, from Jennifer Schwefler, entitled

30 "Presentation Summary."
1.6 PLAY IT.

This message is a multipart MIME-encoded message.
There are two parts.

Part 1. (Voicemail message, not text-to speech):
35 Thanks for taking part as a speaker in our

conference.
The schedule will be posted soon on our homepage.

1.7 NEXT PART
Part 2. (read using text-to-speech):

40 The presentation home page is http://www....
1.8 PRINT MESSAGE

Command executed.
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Mail messages are no longer just simple text documents, but often consist of

multiple subparts containing audio files, pictures, webpages, attachments and so forth.

When a user asks to play a complex email message over the telephone, many different

agents may be implicated in the translation process, which would be quite different

5 given the request "print it." The challenge is to develop a system which will enable

agents to cooperate in an extensible, flexible manner that alleviates explicit coding of

agent interactions for every possible input/output combination.

In a preferred embodiment of the present invention, each agent concentrates

only on what it can do and on what it knows, and leaves other work to be delegated to

10 the agent community. For instance, a printer agent 1204, defining the solvable

print(Object,Parameters), can be defined by the following pseudo-code, which

basically says, "If someone can get me a document, in either POSTSCRIPT or text

form, I can print it.".

15 print (Object, Parameters) {
I If Object is reference to "it", find an appropriate

document
if (Object = "ref (it)")

oaaSolve(resolve reference(the, document, Params,
20 Object) , (I) ;

' Given a reference to some document, ask for the
document in POSTSCRIPT

if (Object = "id(Pointer)")
oaaSolve(resolve id as(id(Pointer), postscript,

25 [], Object), [1);
I If Object is of type text or POSTSCRIPT, we can

print it.
if ((Object is of type Text) or (Object is of type

Postscript) )
30 do-print (Object);

In the above example, since an email message is the salient document, the

mail agent 442 will receive a request to produce the message as POSTSCRIPT.

Whereas the mail agent 442 may know how to save a text message as POSTSCRIPT,

35 it will not know what to do with a webpage or voicemail message. For these parts of

the message, it will simply send oaaSolve requests to see if another agent knows

how to accomplish the task.
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Until now, the user has been using only a telephone as user interface. Now, he

moves to his desktop, starts a web browser 436, and accesses the URL referenced by

the mail message.

1.9 RECORD MESSAGE
5 Recording voice message. Start speaking now.

1.10 THIS IS THE UPDATED WEB PAGE CONTAINING THE
PRESENTATION SCHEDULE.

Message one recorded.
1.11 IF THIS WEB PAGE CHANGES, GET IT TO ME WITH NOTE

10 ONE.
Trigger added as requested.

In this example, a local agent 436 which interfaces with the web browser can

return the current page as a solution to the request "oaaSolve(resolvereference(this,

webpage, [], Ref),[])", sent by the NL agent 426. A trigger is installed on a web

15 agent 436 to monitor changes to the page, and when the page is updated, the notify

agent 446 can find the user and transmit the webpage and voicemail message using

the most appropriate media transfer mechanism.

This example based on the Unified Messaging application is intended to show

how concepts in accordance with the present invention can be used to produce a

20 simple yet extensible solution to a multi-agent problem that would be difficult to

implement using a more rigid framework. The application supports adaptable

presentation for queries across dynamically changing, complex information; shared

context and reference resolution among applications; and flexible translation of

multimedia data. In the next section, we will present an application which highlights

25 the use of parallel competition and cooperation among agents during multi-modal

fusion.

Multimodal Map

A further preferred embodiment of present invention incorporates the

Multimodal Map application. This application demonstrates natural ways of

30 communicating with a community of agents, providing an interactive interface on

which the user may draw, write or speak. In a travel-planning domain illustrated by

Figure 13, available information includes hotel, restaurant, and tourist-site data

retrieved by distributed software agents from commercial Internet sites. Some

preferred types of user interactions and multimodal issues handled by the application
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are illustrated by a brief scenario featuring working examples taken from the current

system.

Sara is planning a business trip to San Francisco, but would like to schedule

some activities for the weekend while she is there. She turns on her laptop PC,

5 executes a map application, and selects San Francisco.

2.1 [Speaking] Where is downtown?
Map scrolls to appropriate area.

2.2 [Speaking and drawing region] Show me all hotels
near here.

10 Icons representing hotels appear.
2.3 [Writes on a hotel] Info?

A textual description (price, attributes, etc.)
appears.
2.4 [Speaking] I only want hotels with a pool.

15 Some hotels disappear.
2.5 [Draws a crossout on a hotel that is too close to a
highway]

Hotel disappears
2.6 [Speaking and circling] Show me a photo of this

20 hotel.
Photo appears.

2.7 [Points to another hotel]
Photo appears.

2.8 [Speaking] Price of the other hotel?
25 Price appears for previous hotel.

2.9 [Speaking and drawing an arrow] Scroll down.
Display adjusted.

2.10 [Speaking and drawing an arrow toward a hotel]
What is the distance from this hotel to Fisherman's

30 Wharf?
Distance displayed.

2.11 [Pointing to another place and speaking] And the
distance to here?

Distance displayed.

35 Sara decides she could use some human advice. She picks up the phone, calls

Bob, her travel agent, and writes Start collaboration to synchronize his display with

hers. At this point, both are presented with identical maps, and the input and actions

of one will be remotely seen by the other.

40 3.1 [Sara speaks and circles two hotels]
Bob, I'm trying to choose between these two hotels.

Any opinions?
3.2 [Bob draws an arrow, speaks, and points]

Well, this area is really nice to visit. You can
45 walk there from
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this hotel.
Map scrolls to indicated area. Hotel selected.

3.3 [Sara speaks] Do you think I should visit Alcatraz?
3.4 [Bob speaks] Map, show video of Alcatraz.

5 Video appears.
3.5 [Bob speaks] Yes, Alcatraz is a lot of fun.

A further preferred embodiment of present invention generates the most

appropriate interpretation for the incoming streams of multimodal input. Besides

providing a user interface to a dynamic set of distributed agents, the application is

10 preferably built using an agent framework. The present invention also contemplates

aiding the coordinate competition and cooperation among information sources, which

in turn works in parallel to resolve the ambiguities arising at every level of the

interpretation process: low-level processing of the data stream, anaphora resolution,

cross-modality influences and addressee.

15 Low-level processing of the data stream: Pen input may be preferably

interpreted as a gesture (e.g., 2.5: cross-out) by one algorithm, or as handwriting by a

separate recognition process (e.g., 2.3: "info?"). Multiple hypotheses may preferably

be returned by a modality recognition component.

Anaphora resolution: When resolving anaphoric references, separate

20 information sources may contribute to resolving the reference: context by object type,

deictic, visual context, database queries, discourse analysis. An example of

information provided through context by object type is found in interpreting an

utterance such as "show photo of the hotel", where the natural language component

can return a list of the last hotels talked about. Deictic information in combination

25 with a spoken utterance like "show photo of this hotel" may preferably include

pointing, circling, or arrow gestures which might indicate the desired object (e.g.,

2.7). Deictic references may preferably occur before, during, or after an

accompanying verbal command. Information provided in a visual context, given for

the request "display photo of the hotel" may preferably include the user interface

30 agent might determine that only one hotel is currently visible on the map, and

therefore this might be the desired reference object. Database queries preferably

involving information from a database agent combined with results from other

resolution strategies. Examples are "show me a photo of the hotel in Menlo Park" and
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2.2. Discourse analysis preferably provides a source of information for phrases such

as "No, the other one" (or 2.8).

The above list of preferred anaphora resolution mechanisms is not exhaustive.

Examples of other preferred resolution methods include but are not limited to spatial

5 reasoning ("the hotel between Fisherman's Wharf and Lombard Street") and user

preferences ("near my favorite restaurant").

Cross-modality influences: When multiple modalities are used together, one

modality may preferably reinforce or remove or diminish ambiguity from the

interpretation of another. For instance, the interpretation of an arrow gesture may vary

10 when accompanied by different verbal commands (e.g., "scroll left" vs. "show info

about this hotel"). In the latter example, the system must take into account how

accurately and unambiguously an arrow selects a single hotel.

Addressee: With the addition of collaboration technology, humans and

automated agents all share the same workspace. A pen doodle or a spoken utterance

15 may be meant for either another human, the system (3. 1), or both (3.2).

The implementation of the Multimodal Map application illustrates and

exploits several preferred features of the present invention: reference resolution and

task delegation by parallel parameters of oaa_Solve, basic multi-user collaboration

handled through built-in data management services, additional functionality readily

20 achieved by adding new agents to the community, domain-specific code cleanly

separated from other agents.

A further preferred embodiment of present invention provides reference

resolution and task delegation handled in a distributed fashion by the parallel

parameters of oaaSolve, with meta-agents encoding rules to help the facilitator make

25 context- or user-specific decisions about priorities among knowledge sources.

A further preferred embodiment of present invention provides basic multi-user

collaboration handled through at least one built-in data management service. The

map user interface preferably publishes data solvables for elements such as icons,

screen position, and viewers, and preferably defines these elements to have the

3o attribute "shareable". For every update to this public data, the changes are preferably
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automatically replicated to all members of the collaborative session, with associated

callbacks producing the visible effect of the data change (e.g., adding or removing an

icon).

Functionality for recording and playback of a session is preferably

5 implemented by adding agents as members of the collaborative community. These

agents either record the data changes to disk, or read a log file and replicate the

changes in the shared environment.

The domain-specific code for interpreting travel planning dialog is preferably

separated from the speech, natural language, pen recognition, database and map user

10 interface agents. These components were preferably reused without modification to

add multimodal map capabilities to other applications for activities such as crisis

management, multi-robot control, and the MVIEWS tools for the video analyst.

Improved Scalability and Fault Tolerance

Implementations of a preferred embodiment of present invention which rely

15 upon simple, single facilitator architectures may face certain limitations with respect

to scalability, because the single facilitator may become a communications bottleneck

and may also represent a single, critical point for system failure.

Multiple facilitator systems as disclosed in the preferred embodiments to this

point can be used to construct peer-to-peer agent networks as illustrated in Figure 14.

20 While such embodiments are scalable, they do possess the potential for

communication bottlenecks as discussed in the previous paragraph and they further

possess the potential for reliability problems as central, critical points of vulnerability

to systems failure.

A further embodiment of present invention supports a facilitator implemented

25 as an agent like any other, whereby multiple facilitator network topologies can be

readily constructed. One example configuration (but not the only possibility) is a

hierarchical topology as depicted in Figure 15, where a top level Facilitator manages

collections of both client agents 1508 and other Facilitators, 1504 and 1506.

Facilitator agents could be installed for individual users, for a group of users, or as

30 appropriate for the task.
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Note further, that network work topologies of facilitators can be seen as

graphs where each node corresponds to an instance of a facilitator and each edge

connecting two or more nodes corresponds to a transmission path across one or more

physical transport mechanisms. Some nodes may represent facilitators and some

5 nodes may represent clients. Each node can be further annotated with attributes

corresponding to include triggers, data, capabilities but not limited to these attributes.

A further embodiment of present invention provides enhanced scalability and

robustness by separating the planning and execution components of the facilitator. In

contrast with the centralized facilitation schemes described above, the facilitator

10 system 1600 of Figure 16 separates the registry/planning component from the

execution component. As a result, no single facilitator agent must carry all

communications nor does the failure of a single facilitator agent shut down the entire

system.

Turning directly to Figure 16, the facilitator system 1600 includes a

15 registry/planner 1602 and a plurality of client agents 1612-1616. The registry/planner

1604 is typically replicated in one or more locations accessible by the client agents.

Thus if the registry/planner 1604 becomes unavailable, the client agents can access

the replicated registry/planner(s).

This system operates, for example, as follows. An agent transmits a goal 1610

20 to the registry planner 1602. The registry/planner 1604 translates the goal into an

unambiguous execution plan detailing how to accomplish any sub-goals developed

from the compound goal, as well as specifying the agents selected for performing the

sub-goals. This execution plan is provided to the requesting agent which in turn

initiates peer-to-peer interactions 1618 in order to implement the detailed execution

25 plan, routing and combining information as specified within the execution plan.

Communication is distributed thus decreasing sensitivity of the system to bandwidth

limitations of a single facilitator agent. Execution state is likewise distributed thus

enabling system operation even when a facilitator agent fails.

Further embodiments of present invention incorporate into the facilitator

30 functionality such as load-balancing, resource management, and dynamic

configuration of agent locations and numbers, using (for example) any of the

topologies discussed. Other embodiments incorporate into a facilitator the ability to

aid agents in establishing peer-to-peer communications. That is, for tasks requiring a
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sequence of exchanges between two agents, the facilitator assist the agents in finding

one another and establishing communication, stepping out of the way while the agents

communicate peer-to-peer over a direct, perhaps dedicated channel.

Further preferred embodiments of the present invention incorporate

5 mechanisms for basic transaction management, such as periodically saving the state of

agents (both facilitator and client) and rolling back to the latest saved state in the

event of the failure of an agent.
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IN THE CLAIMS:

1. A computer-implemented method for communication and cooperative task

completion among a plurality of distributed electronic agents, comprising the

acts of:

registering a description of each active client agent's functional capabilities, using an

expandable, platform-independent, inter-agent language;

receiving a request for service as a base goal in the inter-agent language, in the form

of an arbitrarily complex goal expression; and

dynamically interpreting the goal expression, said act of interpreting further

comprising:

generating one or more sub-goals using the inter-agent language; and

dispatching each of the sub-goals to a selected client agent for performance,

based on a match between the sub-goal being dispatched and the

registered functional capabilities of the selected client agent.

2. A computer-implemented method as recited in claim 1, further including the

following acts of:

receiving a new request for service as a base goal using the inter-agent language, in

the form of another arbitrarily complex goal expression, from at least one of

the selected client agents in response to the sub-goal dispatched to said agent;

and

recursively applying the last step of claim 1 in order to perform the new request for

service.

3. A computer implemented method as recited in claim 2 wherein the act

of registering a specific agent further includes:

invoking the specific agent in order to activate the specific agent;

instantiating an instance of the specific agent; and

transmitting the new agent profile from the specific agent to the facilitator

agent in response to the instantiation of the specific agent.

4. A computer implemented method as recited in claim 1 further

including the act of deactivating a specific client agent no longer available to provide

services by deleting the registration of the specific client agent.

5. A computer implemented method as recited in claim 1 further

comprising the act of providing an agent registry data structure.
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1 6. A computer implemented method as recited in claim 5 wherein the

2 agent registry data structure includes at least one symbolic name for each active agent.

1 7. A computer implemented method as recited in claim 5 wherein the

2 agent registry data structure includes at least one data declaration for each active

3 agent.

1 8. A computer implemented method as recited in claim 5 wherein the

2 agent registry data structure includes at least one trigger declaration for one active

3 agent.

1 9. A computer implemented method as recited in claim 5 wherein the

2 agent registry data structure includes at least one task declaration, and process

3 characteristics for each active agent.

1 10. A computer implemented method as recited in claim 5 wherein the

2 agent registry data structure includes at least one process characteristic for each active

3 agent.

1 11. A computer implemented method as recited in claim 1 further

2 comprising the act of establishing communication between the plurality of distributed

3 agents.

1 12. A computer implemented method as recited in claim 1 further

2 comprising the acts of:

3 receiving a request for service in a second language differing from the inter-

4 agent language;

5 selecting a registered agent capable of converting the second language into the
6 inter-agent language; and

7 forwarding the request for service in a second language to the registered agent

8 capable of converting the second language into the inter-agent language, implicitly

9 requesting that such a conversion be performed and the results returned.

1 13. A computer implemented method as recited in claim 12 wherein the

2 request includes a natural language query, and the registered agent capable of

3 converting the second language into the inter-agent language service is a natural

4 language agent.

1 14. A computer implemented method as recited in claim 13 wherein the

2 natural language query was generated by a user interface agent.
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1 15. A computer implemented method as recited in claim 1, wherein the

2 base goal requires setting a trigger having conditional functionality and consequential

3 functionality.

1 16. A computer implemented method as recited in claim 15 wherein the

2 trigger is an outgoing communications trigger, the computer implemented method

3 further including the acts of:

4 monitoring all outgoing communication events in order to determine whether a

5 specific outgoing communication event has occurred; and

6 in response to the occurrence of the specific outgoing communication event,

7 performing the particular action defined by the trigger.

1 17. A computer implemented method as recited in claim 15 wherein the

2 trigger is an incoming communications trigger, the computer implemented method

3 further including the acts of:

4 monitoring all incoming communication events in order to determine whether

5 a specific incoming communication event has occurred; and

6 in response to the occurrence of a specific incoming communication event

7 satisfying the trigger conditional functionality, performing the particular

8 consequential functionality defined by the trigger.

1 18. A computer implemented method as recited in claim 15 wherein the

2 trigger is a data trigger, the computer implemented method further including the acts

3 of:

4 monitoring a state of a data repository; and

5 in response to a particular state event satisfying the trigger conditional

6 functionality, performing the particular consequential functionality defined by the

7 trigger.

1 19. A computer implemented method as recited in claim 15 wherein the

2 trigger is a time trigger, the computer implemented method further including the acts

3 of:

4 monitoring for the occurrence of a particular time condition; and

5 in response to the occurrence of a particular time condition satisfying the

6 trigger conditional functionality, performing the particular consequential functionality

7 defined by the trigger.

1 20. A computer implemented method as recited in claim 15 wherein the

2 trigger is installed and executed within the facilitator agent.
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1 21. A computer implemented method as recited in claim 15 wherein the

2 trigger is installed and executed within a first service-providing agent.

1 22. A computer implemented method as recited in claim 15 wherein the

2 conditional functionality of the trigger is installed on a facilitator agent.

1 23. A computer implemented method as recited in claim 22 wherein the

2 consequential functionality is installed on a specific service-providing agent other

3 than a facilitator agent.

1 24. A computer implemented method as recited in claim 15 wherein the

2 conditional functionality of the trigger is installed on a specific service-providing

3 agent other than a facilitator agent.

1 25. A computer implemented method as recited in claim 15 wherein the

2 consequential functionality of the trigger is installed on a facilitator agent.

1 26. A computer implemented method as recited in claim 1 wherein the

2 base goal is a compound goal having sub-goals separated by operators.

1 27. A computer implemented method as recited in claim 26 wherein the

2 type of available operators includes a conjunction operator, a disjunction operator,

3 and a conditional execution operator.
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28. A computer implemented method as recited in claim 27 wherein the type

of available operators further includes a parallel disjunction operator that indicates that

disjunct goals are to be performed by different agents.
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1 29. A computer program stored on a computer readable medium, the

2 computer program executable to facilitate cooperative task completion within a

3 distributed computing environment, the distributed computing environment including

4 a plurality of autonomous electronic agents, the distributed computing environment

5 supporting an Interagent Communication Language, the computer program

6 comprising computer executable instructions for:

7 providing an agent registry that declares capabilities of service-providing

8 electronic agents currently active within the distributed computing environment;

9 interpreting a service request in order to determine a base goal that may be a

10 compound, arbitrarily complex base goal, the service request adhering to an

11 Interagent Communication Language (ICL), the act of interpreting including the sub-

12 acts of:

13 determining any task completion advice provided by the base goal, and

14 determining any task completion constraints provided by the base goal;

15 constructing a base goal satisfaction plan including the sub-acts of:

16 determining whether the requested service is available,

17 determining sub-goals required in completing the base goal,

18 selecting service-providing electronic agents from the agent registry

19 suitable for performing the determined sub-goals, and

20 ordering a delegation of sub-goal requests to best complete the

21 requested service; and

22 implementing the base goal satisfaction plan.

1 30. A computer program as recited in claim 29 wherein the computer

2 executable instruction for providing an agent registry includes the following computer

3 executable instructions for registering a specific service-providing electronic agent

4 into the agent registry:

5 establishing a bi-directional communications link between the specific agent

6 and a facilitator agent controlling the agent registry;

7 providing a new agent profile to the facilitator agent, the new agent profile

8 defining publicly available capabilities of the specific agent; and

9 registering the specific agent together with the new agent profile within the

10 agent registry, thereby making available to the facilitator agent the capabilities of the

II specific agent.
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1 31. A computer program as recited in claim 30 wherein the computer

2 executable instruction for registering a specific agent further includes:

3 invoking the specific agent in order to activate the specific agent;

4 instantiating an instance of the specific agent; and

5 transmitting the new agent profile from the specific agent to the facilitator

6 agent in response to the instantiation of the specific agent.

1 32. A computer program as recited in claim 29 wherein the computer

2 executable instruction for providing an agent registry includes a computer executable

3 instruction for removing a specific service-providing electronic agent from the

4 registry upon determining that the specific agent is no longer available to provide

5 services.

1 33. A computer program as recited in claim 29 wherein the provided agent

2 registry includes a symbolic name, a unique address, data declarations, trigger

3 declarations, task declarations, and process characteristics for each active agent.

1 34. A computer program as recited in claim 29 further including computer

2 executable instructions for receiving the service request via a communications link

3 established with a client.

1 35. A computer program as recited in claim 29 wherein the computer

2 executable instruction for providing a service request includes instructions for:

3 receiving a non-ICL format service request;

4 selecting an active agent capable of converting the non-ICL formal service

5 request into an ICL format service request;

6 forwarding the non-ICL format service request to the active agent capable of

7 converting the non-ICL format service request, together with a request that such

8 conversion be performed; and

9 receiving an ICL format service request corresponding to the non-ICL format

10 service request.

1 36. A computer program as recited in claim 35 wherein the non-ICL

2 format service request includes a natural language query, and the active agent capable

3 of converting the non-ICL formal service request into an ICL format service request is

4 a natural language agent.

1 37. A computer program as recited in claim 36 wherein the natural

2 language query is generated by a user interface agent.
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1 38. A computer program as recited in claim 29, the computer program

2 further including computer executable instructions for implementing a base goal that

3 requires setting a trigger having conditional and consequential functionality.

1 39. A computer program as recited in claim 38 wherein the trigger is an

2 outgoing communications trigger, the computer program further including computer

3 executable instructions for:

4 monitoring all outgoing communication events in order to determine whether a

5 specific outgoing communication event has occurred; and

6 in response to the occurrence of the specific outgoing communication event,

7 performing the particular action defined by the trigger. '

1 40. A computer program as recited in claim 38 wherein the trigger is an

2 incoming communications trigger, the computer program further including computer

3 executable instructions for:

4 monitoring all incoming communication events in order to determine whether

5 a specific incoming communication event has occurred; and

6 in response to the occurrence of the specific incoming communication event,

7 performing the particular action defined by the trigger.

1 41. A computer program as recited in claim 38 wherein the trigger is a data

2 trigger, the computer program further including computer executable instructions for:

3 monitoring a state of a data repository; and

4 in response to a particular state event, performing the particular action defined

5 by the trigger.

1 42. A computer program as recited in claim 38 wherein the trigger is a

2 time trigger, the computer program further including computer executable instructions

3 for:

4 monitoring for the occurrence of a particular time condition; and

5 in response to the occurrence of the particular time condition, performing the

6 particular action defined by the trigger.

1 43. A computer program as recited in claim 38 further including computer

2 executable instructions for installing and executing the trigger within the facilitator

3 agent.

1 44. A computer program as recited in claim 38 further including computer

2 executable instructions for installing and executing the trigger within a first service-

3 providing agent.
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1 45. A computer program as recited in claim 29 further including computer

2 executable instructions for interpreting compound goals having sub-goals separated

3 by operators.

1 46. A computer program as recited in claim 45 wherein the type of

2 available operators includes a conjunction operator, a disjunction operator, and a

3 conditional execution operator.

1 47. A computer program as recited in claim 46 wherein the type of

2 available operators further includes a parallel disjunction operator that indicates that

3 disjunct goals are to be performed by different agents.

1 48. An Interagent Communication Language (ICL) providing a basis for

2 facilitated cooperative task completion within a distributed computing environment

3 having a facilitator agent and a plurality of autonomous service-providing electronic

4 agents, the ICL enabling agents to perform queries of other agents, exchange

5 information with other agents, set triggers within other agents, an ICL syntax

6 supporting compound goal expressions such that goals within a single request

7 provided according to the ICL syntax may be coupled by a conjunctive operator, a

8 disjunctive operator, a conditional execution operator, and a parallel disjunctive

9 operator parallel disjunctive operator that indicates that disjunct goals are to be

10 performed by different agents.

1 49. An ICL as recited in claim 48, wherein the ICL is computer platform

2 independent.

1 50. An ICL as recited in claim 48 wherein the ICL is independent of

2 computer programming languages which the plurality of agents are programmed in.

1 51. An ICL as recited in claim 48 wherein the ICL syntax supports explicit

2 task completion constraints within goal expressions.

1 52. An ICL as recited in claim 51 wherein possible types of task

2 completion constraints include use of specific agent constraints and response time

3 constraints.

1 53. An ICL as recited in claim 51 wherein the ICL syntax supports explicit

2 task completion advisory suggestions within goal expressions.

1 54. An ICL as recited in claim 48 wherein the ICL syntax supports explicit

2 task completion advisory suggestions within goal expressions.
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1 55. An ICL as recited in claim 48 wherein each autonomous service-

2 providing electronic agent defines and publishes a set of capability declarations or

3 solvables, expressed in ICL, that describes services provided by such electronic agent.

1 56. An ICL as recited in claim 55 wherein an electronic agent's solvables

2 define an interface for the electronic agent.

1 57. An ICL as recited in claim 56 wherein the facilitator agent maintains

2 an agent registry making available a plurality of electronic agent interfaces.

1 58. An ICL as recited in claim 57 wherein the possible types of solvables

2 includes procedure solvables, a procedure solvable operable to implement a procedure

3 such as a test or an action.

1 59. An ICL as recited in claim 58 wherein the possible types of solvables

2 further includes data solvables, a data solvable operable to provide access to a

3 collection of data.

1 60. An ICL as recited in claim 58 wherein the possible types of solvables

2 includes data solvables, a data solvable operable to provide access to a collection of

3 data.

1 61. A facilitator agent arranged to coordinate cooperative task completion

2 within a distributed computing environment having a plurality of autonomous service-

3 providing electronic agents, the facilitator agent comprising:

4 an agent registry that declares capabilities of service-providing electronic

5 agents currently active within the distributed computing environment; and

6 a facilitating engine operable to parse a service request in order to interpret a

7 compound goal set forth therein, the compound goal including both local and global

8 constraints and control parameters, the service request formed according to an

9 Interagent Communication Language (ICL), the facilitating engine further operable to

10 construct a goal satisfaction plan specifying the coordination of a suitable delegation

11 of sub-goal requests to complete the requested service satisfying both the local and

12 global constraints and control parameters.

1 62. A facilitator agent as recited in claim 61, wherein the facilitating

2 engine is capable of modifying the goal satisfaction plan during execution, the

3 modifying initiated by events such as new agent declarations within the agent registry,

4 decisions made by remote agents, and information provided to the facilitating engine

5 by remote agents.
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1 63. A facilitator agent as recited in claim 61 wherein the agent registry

2 includes a symbolic name, a unique address, data declarations, trigger declarations,

3 task declarations, and process characteristics for each active agent.

1 64. A facilitator agent as recited in claim 61 wherein the facilitating engine

2 is operable to install a trigger mechanism requesting that a certain action be taken

3 when a certain set of conditions are met.

1 65. A facilitator agent as recited in claim 64 wherein the trigger

2 mechanism is a communication trigger that monitors communication events and

3 performs the certain action when a certain communication event occurs.

1 66. A facilitator agent as recited in claim 64 wherein the trigger

2 mechanism is a data trigger that monitors a state of a data repository and performs the

3 certain action when a certain data state is obtained.

1 67. A facilitator agent as recited in claim 66 wherein the data repository is

2 local to the facilitator agent.

1 68. A facilitator agent as recited in claim 66 wherein the data repository is

2 remote from the facilitator agent.

1 69. A facilitator agent as recited in claim 64 wherein the trigger

2 mechanism is a task trigger having a set of conditions.

1 70. A facilitator agent as recited in claim 61, the facilitator agent further

2 including a global database accessible to at least one of the service-providing

3 electronic agents.

1 71. A software-based, flexible computer architecture for communication

2 and cooperation among distributed electronic agents, the architecture contemplating a

3 distributed computing system comprising:

4 a plurality of service-providing electronic agents; and

5 a facilitator agent in bi-directional communications with the plurality of

6 service-providing electronic agents, the facilitator agent including:

7 an agent registry that declares capabilities of service-providing

8 electronic agents currently active within the distributed computing

9 environment;

10 a facilitating engine operable to parse a service request in order

11 to interpret an arbitrarily complex goal set forth therein, the facilitating

12 engine further operable to construct a goal satisfaction plan including
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13 the coordination of a suitable delegation of sub-goal requests to best

14 complete the requested service.

1 72. A computer architecture as recited in claim 71, wherein the basis for

2 the computer architect is an Interagent Communication Language (ICL) enabling

3 agents to perform queries of other agents, exchange information with other agents,

4 and set triggers within other agents, the ICL further defined by an ICL syntax

5 supporting compound goal expressions such that goals within a single request

6 provided according to the ICL syntax may be coupled by a conjunctive operator, a

7 disjunctive operator, a conditional execution operator, and a parallel disjunctive

8 operator parallel disjunctive operator that indicates that disjunct goals are to be

9 performed by different agents.

1 73. A computer architecture as recited in claim 72, wherein the ICL is

2 computer platform independent.

1 74. A computer architecture as recited in claim 73 wherein the ICL is

2 independent of computer programming languages in which the plurality of agents are

3 programmed.

1 75. A computer architecture as recited in claim 73 wherein the ICL syntax

2 supports explicit task completion constraints within goal expressions.

1 76. A computer architecture as recited in claim 75 wherein possible types

2 of task completion constraints include use of specific agent constraints and response

3 time constraints.

1 77. A computer architecture as recited in claim 75 wherein the ICL syntax

2 supports explicit task completion advisory suggestions within goal expressions.

1 78. A computer architecture as recited in claim 73 wherein the ICL syntax

2 supports explicit task completion advisory suggestions within goal expressions.

1 79. A computer architecture as recited in claim 73 wherein each

2 autonomous service-providing electronic agent defines and publishes a set of

3 capability declarations or solvables, expressed in ICL, that describes services

4 provided by such electronic agent.

1 80. A computer architecture as recited in claim 79 wherein an electronic

2 agent's solvables define an interface for the electronic agent.

1 81. A computer architecture as recited in claim 80 wherein the possible

2 types of solvables includes procedure solvables, a procedure solvable operable to

3 implement a procedure such as a test or an action.
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1 82. A computer architecture as recited in claim 81 wherein the possible

2 types of solvables further includes data solvables, a data solvable operable to provide

3 access to a collection of data.

1 83. A computer architecture as recited in claim 82 wherein the possible

2 types of solvables includes a data solvable operable to provide access

3 to modify a collection of data.

1 84., A computer architecture as recited in claim 71 wherein the planning

2 component of the facilitating engine are distributed across at least two

3 computer processes.

1 85. A computer architecture as recited in claim 71 wherein the execution

2 component of the facilitating engine is distributed across at least two

3 computer processes.

1 86. A data wave carrier providing a transport mechanism for information

2 communication in a distributed computing environment having at least one facilitator

3 agent and at least one active client agent, the data wave carrier comprising a signal

4 representation of an inter-agent language description of an active client agent's

5 functional capabilities.

1 87. A data wave carrier as recited in claim 85, the data wave carrier further

2 comprising a signal representation of a request for service in the inter-agent language

3 from a first agent to a second agent.

1 88. A data wave carrier as recited in claim 85, the data wave carrier further

2 comprising a signal representation of a goal dispatched to an agent for performance

3 from a facilitator agent.

1 89. A data wave carrier as recited in claim 88 wherein a later state of the

2 data wave carrier comprises a signal representation of a response to the dispatched

3 goal including results and/or a status report from the agent for performance to the

4 facilitator agent.
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Software-Based Architecture for Communication and Cooperation Among

Distributed Electronic Agents

ABSTRACT

5 A highly flexible, software-based architecture is disclosed for constructing

distributed systems. The architecture supports cooperative task completion by

flexible, dynamic configurations of autonomous electronic agents. Communication

and cooperation between agents are brokered by one or more facilitators, which are

responsible for matching requests, from users and agents, with descriptions of the

10 capabilities of other agents. It is not generally required that a user or agent know the

identities, locations, or number of other agents involved in satisfying a request, and

relatively minimal effort is involved in incorporating new agents and "wrapping"

legacy applications. Extreme flexibility is achieved through an architecture organized

around the declaration of capabilities by service-providing agents, the construction of

15 arbitrarily complex goals by users and service-requesting agents, and the role of

facilitators in delegating and coordinating the satisfaction of these goals, subject to

advice and constraints that may accompany them. Additional mechanisms and

features include facilities for creating and maintaining shared repositories of data; the

use of triggers to instantiate commitments within and between agents; agent-based

20 provision of multi-modal user interfaces, including natural language; and built-in

support for including the user as a privileged member of the agent community.

Specialized embodiments providing enhanced scalability are also described.
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Software-Based Architecture for Communication and Cooperation Among

Distributed Electronic Agents

5 By:

Adam J. Cheyer and David L. Martin

BACKGROUND OF THE INVENTION

10 Field of the Invention

The present invention is related to distributed computing environments and the

completion of tasks within such environments. In particular, the present invention

teaches a variety of software-based architectures for communication and cooperation

among distributed electronic agents. Certain embodiments teach interagent

15 communication languages enabling client agents to make requests in the form of

arbitrarily complex goal expressions that are solved through facilitation by a

facilitator agent.

Context and Motivation for Distributed Software Systems

20 The evolution of models for the design and construction of distributed

software systems is being driven forward by several closely interrelated trends: the

adoption of a networked computing model, rapidly rising expectations for smarter,

longer-lived, more autonomous software applications and an ever increasing demand

for more accessible and intuitive user interfaces.

25 Prior Art Figure 1 illustrates a networked computing model 100 having a

plurality of client and server computer systems 120 and 122 coupled together over a

physical transport mechanism 140. The adoption of the networked computing model

100 has lead to a greatly increased reliance on distributed sites for both data and

processing resources. Systems such as the networked computing model 100 are based

30 upon at least one physical transport mechanism 140 coupling the multiple computer

systems 120 and 122 to support the transfer of information between these computers.

Some of these computers basically support using the network and are known as client
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computers (clients). IPe of these computers provide resource other computers

and are known as server computers (servers). The servers 122 can vary greatly in the

resources they possess, access they provide and services made available to other

computers across a network. Servers may service other servers as well as clients.

5 The Internet is a computing system based upon this network computing model.

The Internet is continually growing, stimulating a paradigm shift for computing away

from requiring all relevant data and programs to reside on the user's desktop machine.

The data now routinely accessed from computers spread around the world has become

increasingly rich in format, comprising multimedia documents, and audio and video

10 streams. With the popularization of programming languages such as JAVA, data

transported between local and remote machines may also include programs that can

be downloaded and executed on the local machine. There is an ever increasing

reliance on networked computing, necessitating software design approaches that allow

for flexible composition of distributed processing elements in a dynamically changing

15 and relatively unstable environment.

In an increasing variety of domains, application designers and users are

coming to expect the deployment of smarter, longer-lived, more autonomous,

software applications. Push technology, persistent monitoring of information sources,

and the maintenance of user models, allowing for personalized responses and sharing

20 of preferences, are examples of the simplest manifestations of this trend. Commercial

enterprises are introducing significantly more advanced approaches, in many cases

employing recent research results from artificial intelligence, data mining, machine

learning, and other fields.

More than ever before, the increasing complexity of systems, the development

25 of new technologies, and the availability of multimedia material and environments are

creating a demand for more accessible and intuitive user interfaces. Autonomous,

distributed, multi-component systems providing sophisticated services will no longer

lend themselves to the familiar "direct manipulation" model of interaction, in which

an individual user masters a fixed selection of commands provided by a single

30 application. Ubiquitous computing, in networked environments, has brought about a

situation in which the typical user of many software services is likely to be a non-

expert, who may access a given service infrequently or only a few times.
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Accommodating sucage patterns calls for new approaches rtunately, input

modalities now becoming widely available, such as speech recognition and pen-based

handwriting/gesture recognition, and the ability to manage the presentation of

systems' responses by using multiple media provide an opportunity to fashion a style

5 of human-computer interaction that draws much more heavily on our experience with

human-human interactions.

PRIOR RELATED ART

Existing approaches and technologies for distributed computing include

10 distributed objects, mobile objects, blackboard-style architectures, and agent-based

software engineering.

The Distributed Object Approach

Object-oriented languages, such as C++ or JAVA, provide significant

advances over standard procedural languages with respect to the reusability and

15 modularity of code: encapsulation, inheritance and polymorhpism. Encapsulation

encourages the creation of library interfaces that minimize dependencies on

underlying algorithms or data structures. Changes to programming internals can be

made at a later date with requiring modifications to the code that uses the library.

Inheritance permits the extension and modification of a library of routines and data

20 without requiring source code to the original library. Polymorphism allows one body

of code to work on an arbitrary number of data types. For the sake of simplicity

traditional objects may be seen to contain both methods and data. Methods provide

the mechanisms by which the internal state of an object may be modified or by which

communication may occur with another object or by which the instantiation or

25 removal of objects may be directed.

With reference to Figure 2, a distributed object technology based around an

Object Request Broker will now be described. Whereas "standard" object-oriented

programming (OOP) languages can be used to build monolithic programs out of many

object building blocks, distributed object technologies (DOOP) allow the creation of

30 programs whose components may be spread across multiple machines. As shown in

Figure 2, an object system 200 includes client objects 210 and server objects 220. To

implement a client-server relationship between objects, the distributed object system
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200 uses a registry mTianism (CORBA's registry is called anject Request Broker,

or ORB) 230 to store the interface descriptions of available objects. Through the

services of the ORB 230, a client can transparently invoke a method on a remote

server object. The ORB 230 is then responsible for finding the object 220 that can

5 implement the request, passing it the parameters, invoking its method, and returning

the results. In the most sophisticated systems, the client 210 does not have to be aware

of where the object is located, its programming language, its operating system, or any

other system aspects that are not part of the server object's interface.

Although distributed objects offer a powerful paradigm for creating networked

10 applications, certain aspects of the approach are not perfectly tailored to the

constantly changing environment of the Internet. A major restriction of the DOOP

approach is that the interactions among objects are fixed through explicitly coded

instructions by the application developer. It is often difficult to reuse an object in a

new application without bringing along all its inherent dependencies on other objects

15 (embedded interface definitions and explicit method calls). Another restriction of the

DOOP approach is the result of its reliance on a remote procedure call (RPC) style of

communication. Although easy to debug, this single thread of execution model does

not facilitate programming to exploit the potential for parallel computation that one

would expect in a distributed environment. In addition, RPC uses a blocking

20 (synchronous) scheme that does not scale well for high-volume transactions.

Mobile Objects

Mobile objects, sometimes called mobile agents, are bits of code that can

move to another execution site (presumably on a different machine) under their own

programmatic control, where they can then interact with the local environment. For

25 certain types of problems, the mobile object paradigm offers advantages over more

traditional distributed object approaches. These advantages include network

bandwidth and parallelism. Network bandwidth advantages exist for some database

queries or electronic commerce applications, where it is more efficient to perform

tests on data by bringing the tests to the data than by bringing large amounts of data to

30 the testing program. Parallelism advantages include situations in which mobile agents

can be spawned in parallel to accomplish many tasks at once.
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Some of the i dvantages and inconveniences of the * le agent approach

include the programmatic specificity of the agent interactions, lack of coordination

support between participant agents and execution environment irregularities regarding

specific programming languages supported by host processors upon which agents

5 reside. In a fashion similar to that of DOOP programming, an agent developer must

programmatically specify where to go and how to interact with the target

environment. There is generally little coordination support to encourage interactions

among multiple (mobile) participants. Agents must be written in the programming

language supported by the execution environment, whereas many other distributed

10 technologies support heterogeneous communities of components, written in diverse

programming languages.

Blackboard Architectures

Blackboard architectures typically allow multiple processes to communicate

by reading and writing tuples from a global data store, Each process can watch for

15 items of interest, perform computations based on the state of the blackboard, and then

add partial results or queries that other processes can consider. Blackboard

architectures provide a flexible framework for problem solving by a dynamic

community of distributed processes. A blackboard architecture provides one solution

to eliminating the tightly bound interaction links that some of the other distributed

20 technologies require during interprocess communication. This advantage can also be a

disadvantage: although a programmer does not need to refer to a specific process

during computation, the framework does not provide programmatic control for doing

so in cases where this would be practical.

Agent-based Software Engineering

25 Several research communities have approached distributed computing by

casting it as a problem of modeling communication and cooperation among

autonomous entities, or agents. Effective communication among independent agents

requires four components: (1) a transport mechanism carrying messages in an

asynchronous fashion, (2) an interaction protocol defining various types of

30 communication interchange and their social implications (for instance, a response is

expected of a question), (3) a content language permitting the expression and

interpretation of utterances, and (4) an agreed-upon set of shared vocabulary and
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meaning for concepto ten called an ontology). Such mechan*s permit a much

richer style of interaction among participants than can be expressed using a distributed

object's RPC model or a blackboard architecture's centralized exchange approach.

Agent-based systems have shown much promise for flexible, fault-tolerant,

5 distributed problem solving. Several agent-based projects have helped to evolve the

notion of facilitation. However, existing agent-based technologies and architectures

are typically very limited in the extent to which agents can specify complex goals or

influence the strategies used by the facilitator. Further, such prior systems are not

sufficiently attuned to the importance of integrating human agents (i.e., users) through

10 natural language and other human-oriented user interface technologies.

The initial version of SRI International's Open Agent ArchitectureTM

("OAA 9 '") technology provided only a very limited mechanism for dealing with

compound goals. Fixed formats were available for specifying a flat list of either

conjoined (AND) sub-goals or disjoined (OR) sub-goals; in both cases, parallel goal

15 solving was hard-wired in, and only a single set of parameters for the entire list could

be specified. More complex goal expressions involving (for example) combinations

of different boolean connectors, nested expressions, or conditionally interdependent

("IF .. THEN") goals were not supported. Further, system scalability was not

adequately addressed in this prior work.

20

SUMMARY OF INVENTION

A first embodiment of the present invention discloses a highly flexible,

software-based architecture for constructing distributed systems. The architecture

25 supports cooperative task completion by flexible, dynamic configurations of

autonomous electronic agents. Communication and cooperation between agents are

brokered by one or more facilitators, which are responsible for matching requests,

from users and agents, with descriptions of the capabilities of other agents. It is not

generally required that a user or agent know the identities, locations, or number of

30 other agents involved in satisfying a request, and relatively minimal effort is involved

in incorporating new agents and "wrapping" legacy applications. Extreme flexibility

is achieved through an architecture organized around the declaration of capabilities by
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service-providing age s, the construction of arbitrarily comploloals by users and

service-requesting agents, and the role of facilitators in delegating and coordinating

the satisfaction of these goals, subject to advice and constraints that may accompany

them. Additional mechanisms and features include facilities for creating and

5 maintaining shared repositories of data; the use of triggers to instantiate commitments

within and between agents; agent-based provision of multi-modal user interfaces,

including natural language; and built-in support for including the user as a privileged

member of the agent community. Specific embodiments providing enhanced

scalability are also described.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Prior Art

Prior Art FIGURE 1 depicts a networked computing model;

15 Prior Art FIGURE 2 depicts a distributed object technology based around an

Object Resource Broker;

Examples of the Invention

FIGURE 3 depicts a distributed agent system based around a facilitator agent;

FIGURE 4 presents a structure typical of one small system of the present

20 invention;

FIGURE 5 depicts an Automated Office system implemented in accordance

with an example embodiment of the present invention supporting a mobile user with a

laptop computer and a telephone;

FIGURE 6 schematically depicts an Automated Office system implemented as

25 a network of agents in accordance with a preferred embodiment of the present

invention;

FIGURE 7 schematically shows data structures internal to a facilitator in

accordance with a preferred embodiment of the present invention;

FIGURE 8 depicts operations involved in instantiating a client agent with its

30 parent facilitator in accordance with a preferred embodiment of the present invention;
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FIGURE 9 depts operations involved in a client ageniating a service

request and receiving the response to that service request in accordance with a certain

preferred embodiment of the present invention;

FIGURE 10 depicts operations involved in a client agent responding to a

5 service request in accordance with another preferable embodiment of the present

invention;

FIGURE 11 depicts operations involved in a facilitator agent response to a

service request in accordance with a preferred embodiment of the present invention;

FIGURE 12 depicts an Open Agent ArchitectureTM based system of agents

10 implementing a unified messaging application in accordance with a preferred

embodiment of the present invention;

FIGURE 13 depicts a map oriented graphical user interface display as might

be displayed by a multi-modal map application in accordance with a preferred

embodiment of the present invention;

15 FIGURE 14 depicts a peer to peer multiple facilitator based agent system

supporting distributed agents in accordance with a preferred embodiment of the

present invention;

FIGURE 15 depicts a multiple facilitator agent system supporting at least a

limited form of a hierarchy of facilitators in accordance with a preferred embodiment

20 of the present invention; and

FIGURE 16 depicts a replicated facilitator architecture in accordance with one

embodiment of the present invention.

BRIEF DESCRIPTION OF THE APPENDICES

25 The Appendices provide source code for an embodiment of the present

invention written in the PROLOG programming language.

APPENDIX A: Source code file named compound.pl.

APPENDIX B: Source code file named fac.pl.

APPENDIX C: Source code file named libcom-tcp.pl.
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APPEIX D: Source code file named liboaa.P

APPENDIX E: Source code file named translations.pl.

DETAILED DESCRIPTION OF THE INVENTION

5 Figure 3 illustrates a distributed agent system 300 in accordance with one

embodiment of the present invention. The agent system 300 includes a facilitator

agent 310 and a plurality of agents 320. The illustration of Figure 3 provides a high

level view of one simple system structure contemplated by the present invention. The

facilitator agent 310 is in essence the "parent" facilitator for its "children" agents 320.

10 The agents 320 forward service requests to the facilitator agent 310. The facilitator

agent 310 interprets these requests, organizing a set of goals which are then delegated

to appropriate agents for task completion.

The system 300 of Figure 3 can be expanded upon and modified in a variety of

ways consistent with the present invention. For example, the agent system 300 can be

15 distributed across a computer network such as that illustrated in Figure 1. The
Lfacilitator agent 310 may itself have its functionality distributed across several

Mdifferent. computing platforms. The agents 320 may engage in interagent

communication (also called peer to peer communications). Several different systems

300 may be coupled together for enhanced performance. These and a variety of other

iI 20 structural configurations are described below in greater detail.

Figure 4 presents the structure typical of a small system 400 in one

embodiment of the present invention, showing user interface agents 408, several

application agents 404 and meta-agents 406, the system 400 organized as a

community of peers by their common relationship to a facilitator agent 402. As will

25 be appreciated, Figure 4 places more structure upon the system 400 than shown in

Figure 3, but both are valid representations of structures of the present invention. The

facilitator 402 is a specialized server agent that is responsible for coordinating agent

communications and cooperative problem-solving. The facilitator 402 may also

provide a global data store for its client agents, allowing them to adopt a blackboard

30 style of interaction. Note that certain advantages are found in utilizing two or more

facilitator agents within the system 400. For example, larger systems can be

assembled from multiple facilitator/client groups, each having the sort of structure
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shown in Figure 4. *R-agents that are not facilitators are refet, to herein

generically as client agents -- so called because each acts (in some respects) as a client

of some facilitator, which provides communication and other essential services for the

client.

5 The variety of possible client agents is essentially unlimited. Some typical

categories of client agents would include application agents 404, meta-agents 406,

and user interface agents 408, as depicted in Figure 4. Application agents 404 denote

specialists that provide a collection of services of a particular sort. These services

could be domain-independent technologies (such as speech recognition, natural

10 language processing 410, email, and some forms of data retrieval and data mining) or

user-specific or domain-specific (such as a travel planning and reservations agent).

Application agents may be based on legacy applications or libraries, in which case the

agent may be little more than a wrapper that calls a pre-existing API 412, for

example. Meta-agents 406 are agents whose role is to assist the facilitator agent 402

15 in coordinating the activities of other agents. While the facilitator 402 possesses

domain-independent coordination strategies, meta-agents 406 can augment these by

using domain- and application-specific knowledge or reasoning (including but not

limited to rules, learning algorithms and planning).

With further reference to Figure 4, user interface agents 408 can play an

20 extremely important and interesting role in certain embodiments of the present

invention. By way of explanation, in some systems, a user interface agent can be

implemented as a collection of "micro-agents", each monitoring a different input

modality (point-and-click, handwriting, pen gestures, speech), and collaborating to

produce the best interpretation of the current inputs. These micro-agents are depicted

25 in Figure 4, for example, as Modality Agents 414. While describing such

subcategories of client agents is useful for purposes of illustration and understanding,

they need not be formally distinguished within the system in preferred

implementations of the present invention.

The operation of one preferred embodiment of the present invention will be

30 discussed in greater detail below, but may be briefly outlined as follows. When

invoked, a client agent makes a connection to a facilitator, which is known as its

parent facilitator. These connections are depicted as a double headed arrow between
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the client agent and tacilitator agent in Figure 3 and 4, for #ple. Upon

connection, an agent registers with its parent facilitator a specification of the

capabilities and services it can provide. For example, a natural language agent may

register the characteristics of its available natural language vocabulary. (For more

5 details regarding client agent connections, see the discussion of Figure 8 below.)

Later during task completion, when a facilitator determines that the registered services

416 of one of its client agents will help satisfy a goal, the facilitator sends that client a

request expressed in the Interagent Communication Language (ICL) 418. (See Figure

11 below for a more detailed discussion of the facilitator operations involved.) The

10 agent parses this request, processes it, and returns answers or status reports to the

facilitator. In processing a request, the client agent can make use of a variety of

infrastructure capabilities provided in the preferred embodiment. For example, the

client agent can use ICL 418 to request services of other agents, set triggers, and read

or write shared data on the facilitator or other client agents that maintain shared data.

15 (See the discussion of Figures 9-11 below for a more detailed discussion of request

processing.)

The functionality of each client agent are made available to the agent

community through registration of the client agent's capabilities with a facilitator 402.

A software "wrapper" essentially surrounds the underlying application program

20 performing the services offered by each client. The common infrastructure for

constructing agents is preferably supplied by an agent library. The agent library is

preferably accessible in the runtime environment of several different programming

languages. The agent library preferably minimizes the effort required to construct a

new system and maximizes the ease with which legacy systems can be "wrapped" and

25 made compatible with the agent-based architecture of the present invention.

By way of further illustration, a representative application is now briefly

presented with reference to Figures 5 and 6. In the Automated Office system depicted

in Figure 5, a mobile user.with a telephone and a laptop computer can access and task

commercial applications such as calendars, databases, and email systems running

30 back at the office. A user interface (UI) agent 408, shown in Figure 6, runs on the

user's local laptop and is responsible for accepting user input, sending requests to the

facilitator 402 for delegation to appropriate agents, and displaying the results of the
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distributed computa*The user may interact directly with a ific remote

application by clicking on active areas in the interface, calling up a form or window

for that application, and making queries with standard interface dialog mechanisms.

Conversely, a user may express a task to be executed by using typed, handwritten, or

5 spoken (over the telephone) English sentences, without explicitly specifying which

agent or agents should perform the task.

For instance, if the question "What is my schedule?" is written 420 in the user

interface 408, this request will be sent 422 by the UI 408 to the facilitator 402, which

in turn will ask 424 a natural language (NL) agent 426 to translate the query into ICL

10 18. To accomplish this task, the NL agent 426 may itself need to make requests of the

agent community to resolve unknown words such as "me" 428 (the UI agent 408 can

respond 430 with the name of the current user) or "schedule" 432 (the calendar agent

434 defines this word 436). The resulting ICL expression is then routed by the

facilitator 402 to appropriate agents (in this case, the calendar agent 434) to execute

15 the request. Results are sent back 438 to the UI agent 408 for display.

The spoken request "When mail arrives for me about security, notify me

immediately." produces a slightly more complex example involving communication

among all agents in the system. After translation into ICL as described above, the

facilitator installs a trigger 440 on the mail agent 442 to look for new messages about

20 security. When one such message does arrive in its mail spool, the trigger fires, and

the facilitator matches the action part of the trigger to capabilities published by the

notification agent 446. The notification agent 446 is a meta-agent, as it makes use of

rules concerning the optimal use of different output modalities (email, fax, speech

generation over the telephone) plus information about an individual user's preferences

25 448 to determine the best way of relaying a message through available media transfer

application agents. After some competitive parallelism to locate the user (the

calendar agent 434 and database agent 450 may have different guesses as to where to

find the user) and some cooperative parallelism to produce required information

(telephone number of location, user password, and an audio file containing a text-to-

30 speech representation of the email message), a telephone agent 452 calls the user,

verifying its identity through touchtones, and then play the message.
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The above exple illustrates a number of inventive fefres. As new agents

connect to the facilitator, registering capability specifications and natural language

vocabulary, what the user can say and do dynamically changes; in other words, the

ICL is dynamically expandable. For example, adding a calendar agent to the system

5 in the previous example and registering its capabilities enables users to ask natural

language questions about their "schedule" without any need to revise code for the

facilitator, the natural language agents, or any other client agents. In addition, the

interpretation and execution of a task is a distributed process, with no single agent

defining the set of possible inputs to the system. Further, a single request can produce

10 cooperation and flexible communication among many agents, written in different

programming languages and spread across multiple machines.

Design Philosophy and Considerations

One preferred embodiment provides an integration mechanism for

15 heterogeneous applications in a distributed infrastructure, incorporating some of the

dynamism and extensibility of blackboard approaches, the efficiency associated with

mobile objects, plus the rich and complex interactions of communicating agents.

Design goals for preferred embodiments of the present invention may be categorized

under the general headings of interoperation and cooperation, user interfaces, and

20 sofnvare engineering. These design goals are not absolute requirements, nor will they

necessarily be satisfied by all embodiments of the present invention, but rather simply

reflect the inventor's currently preferred design philosophy.

Versatile mechanisms of interoperation and cooperation

Interoperation refers to the ability of distributed software components - agents

25 - to communicate meaningfully. While every system-building framework must

provide mechanisms of interoperation at some level of granularity, agent-based

frameworks face important new challenges in this area. This is true primarily because

autonomy, the hallmark of individual agents, necessitates greater flexibility in

interactions within communities of agents. Coordination refers to the mechanisms by

30 which a community of agents is able to work together productively on some task. In

these areas, the goals for our framework are to provide flexibility in assembling
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communities of autonfous service providers, provide flexibil* structuring

cooperative interactions, impose the right amount of structure, as well as include

legacy and "owned-elsewhere" applications.

Provide flexibility in assembling communities of autonomous service providers

5 -- both at development time and at runtime. Agents that conform to the linguistic and

ontological requirements for effective communication should be able to participate in

an agent community, in various combinations, with minimal or near minimal

prerequisite knowledge of the characteristics of the other players. Agents with

duplicate and overlapping capabilities should be able to coexist within the same

10 community, with the system making optimal or near optimal use of the redundancy.

Provide flexibility in structuring cooperative interactions among the members

of a community of agents. A framework preferably provides an economical

mechanism for setting up a variety of interaction patterns among agents, without

requiring an inordinate amount of complexity or infrastructure within the individual

U i 15 agents. The provision of a service should be independent or minimally dependent

upon a particular configuration of agents.

Impose the right amount of structure on individual agents. Different

approaches to the construction of multi-agent systems impose different requirements
@ on the individual agents. For example, because KQML is neutral as to the content of

20 messages, it imposes minimal structural requirements on individual agents. On the

other hand, the BDI paradigm tends to impose much more demanding requirements,

by making assumptions about the nature of the programming elements that are

meaningful to individual agents. Preferred embodiments of the present invention

should fall somewhere between the two, providing a rich set of interoperation and

25 coordination capabilities, without precluding any of the software engineering goals

defined below.

Include legacy and "owned-elsewhere" applications. Whereas legacy usually

implies reuse of an established system fully controlled by the agent-based system

developer, owned-elsewhere refers to applications to which the developer has partial

30 access, but no control. Examples of owned-elsewhere applications include data

sources and services available on the World Wide Web, via simple form-based
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interfaces, and applictons used cooperatively within a virtual[erprise, which

remain the properties of separate corporate entities. Both classes of application must

preferably be able to interoperate, more or less as full-fledged members of the agent

community, without requiring an overwhelming integration effort.

5 Human-oriented user interfaces

Systems composed of multiple distributed components, and possibly dynamic

configurations of components, require the crafting of intuitive user interfaces to

provide conceptually natural interaction mechanisms, treat users as privileged

members of the agent community and support collaboration.

10 Provide conceptually natural interaction mechanisms with multiple

distributed components. When there are numerous disparate agents, and/or complex

tasks implemented by the system, the user should be able to express requests without

having detailed knowledge of the individual agents. With speech recognition,

handwriting recognition, and natural language technologies becoming more mature,

15 agent architectures should preferably support these forms of input playing increased

roles in the tasking of agent communities.

Preferably treat users as privileged members of the agent community by

providing an appropriate level of task specification within softvare agents, and

reusable translation mechanisms between this level and the level of human requests,

20 supporting constructs that seamlessly incorporate interactions between both human-

interface and software types of agents.

Preferably support collaboration (simultaneous work over shared data and

processing resources) between users and agents.

Realistic software engineering requirements

25 System-building frameworks should preferably address the practical concerns

of real-world applications by the specification of requirements which preferably

include: Minimize the effort required to create new agents, and to wrap existing

applications. Encourage reuse, both of domain-independent and domain-specific

components. The concept of agent orientation, like that of object orientation, provides

30 a natural conceptual framework for reuse, so long as mechanisms for encapsulation
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and interaction are soured appropriately. Support lightwei obile platforms.

Such platforms should be able to serve as hosts for agents, without requiring the

installation of a massive environment. It should also be possible to construct

individual agents that are relatively small and modest in their processing

5 requirements. Minimize platform and language barriers. Creation of new agents, as

well as wrapping of existing applications, should not require the adoption of a new

language or environment.

Mechanisms of Cooperation

Cooperation among agents in accordance with the present invention is

10 preferably achieved via messages expressed in a common language, ICL.

Cooperation among agent is further preferably structured around a three-part

approach: providers of services register capabilities specifications with a facilitator,

requesters of services construct goals and relay them to a facilitator, and facilitators

coordinate the efforts of the appropriate service providers in satisfying these goals.

15 The Interagent Communication Language (ICL)

Interagent Communication Language ("ICL") 418 refers to an interface,

communication, and task coordination language preferably shared by all agents,

regardless of what platform they run on or what computer language they are

programmed in. ICL may be used by an agent to task itself or some subset of the

20 agent community. Preferably, ICL allows agents to specify explicit control

parameters while simultaneously supporting expression of goals in an underspecified,

loosely constrained manner. In a further preferred embodiment, agents employ ICL to

perform queries, execute actions, exchange information, set triggers, and manipulate
I

data in the agent community.

25 In a further preferred embodiment, a program element expressed in ICL is the

event. The activities of every agent, as well as communications between agents, are

preferably structured around the transmission and handling of events. In

communications, events preferably serve as messages between agents; in regulating

the activities of individual agents, they may preferably be thought of as goals to be

30 satisfied. Each event preferably has a type, a set of parameters, and content. For

example, the agent library procedure oaaSolve can be used by an agent to request
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services of other age 9nA call to oaaSolve, within the code o ent A, results in an

event having the form

ev-post-solve(Goal, Params)
going from A to the facilitator, where evostsolve is the type, Goal is the content,

5 and Params is a list of parameters. The allowable content and parameters preferably

vary according to the type of the event.

The ICL preferably includes a layer of conversational protocol and a content

layer. The conversational layer of ICL is defined by the event types, together with the

parameter lists associated with certain of these event types. The content layer consists

10 of the specific goals, triggers, and data elements that may be embedded within various

events.

The ICL conversational protocol is preferably specified using an orthogonal,

parameterized approach, where the conversational aspects of each element of an

interagent conversation are represented by a selection of an event type and a selection

15 of values from at least one orthogonal set of parameters. This approach offers greater

expressiveness than an approach based solely on a fixed selection of speech acts, such

as embodied in KQML. For example, in KQML, a request to satisfy a query can

employ either of the performatives askall or askone. In ICL, on the other hand, this

type of request preferably is expressed by the event type ev__post solve, together with

20 the solution limit(N) parameter - where N can be any positive integer. (A request for

all solutions is indicated by the omission of the solutionlimit parameter.) The request

can also be accompanied by other parameters, which combine to further refine its

semantics. In KQML, then, this example forces one to choose between two possible

conversational options, neither of which may be precisely what is desired. In either

25 case, the performative chosen is a single value that must capture the entire

conversational characterization of the communication. This requirement raises a

difficult challenge for the language designer, to select a set of performatives that

provides the desired functionality without becoming unmanageably large.

Consequently, the debate over the right set of performatives has consumed much

30 discussion within the KQML community.

The content layer of the ICL preferably supports unification and other features

found in logic programming language environments such as PROLOG. In some
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embodiments, the content layer of the ICL is simply an extensioof at least one

programming language. For example, the Applicants have found that PROLOG is

suitable for implementing and extending into the content layer of the ICL. The agent

libraries preferably provide support for constructing, parsing, and manipulating ICL

5 expressions. It is possible to embed content expressed in other languages within an

ICL event. However, expressing content in ICL simplifies the facilitator's access to

the content, as well as the conversational layer, in delegating requests. This gives the

facilitator more information about the nature of a request and helps the facilitator

decompose compound requests and delegate the sub-requests.

10 Further, ICL expressions preferably include, in addition to events, at least one

of the following: capabilities declarations, requests for services, responses to requests,

trigger specifications, and shared data elements. A further preferred embodiment of

the present invention incorporates ICL expressions including at least all of the

following: events, capabilities declarations, requests for services, responses to

15 requests, trigger specifications, and shared data elements.

Providing Services: Specifying "Solvables"

In a preferred embodiment of the present invention, every participating agent

defines and publishes a set of capability declarations, expressed in ICL, describing the

services that it provides. These declarations establish a high-level interface to the

20 agent. This interface is used by a facilitator in communicating with the agent, and,

most important, in delegating service requests (or parts of requests) to the agent.

Partly due to the use of PROLOG as a preferred basis for ICL, these capability

declarations are referred as solvables. The agent library preferably provides a set of

procedures allowing an agent to add, remove, and modify its solvables, which it may

25 preferably do at any time after connecting to its facilitator.

There are preferably at least two major types of solvables: procedure solvables

and data solvables. Intuitively, a procedure solvable performs a test or action,

whereas a data solvable provides access to a collection of data. For example, in

creating an agent for a mail system, procedure solvables might be defined for sending

30 a message to a person, testing whether a message about a particular subject has

arrived in the mail queue, or displaying a particular message onscreen. For a database
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wrapper agent, one m 9 t define a distinct data solvable corres]ding to each of the

relations present in the database. Often, a data solvable is used to provide a shared

data store, which may be not only queried, but also updated, by various agents having

the required permissions.

5 There are several primary technical differences between these two types of

solvables. First, each procedure solvable must have a handler declared and defined

for it, whereas this is preferably not necessary for a data solvable. The handling of

requests for a data solvable is preferably provided transparently by the agent library.

Second, data solvables are preferably associated with a dynamic collection of facts (or

1o clauses), which may be further preferably modified at runtime, both by the agent

providing the solvable, and by other agents (provided they have the required

permissions). Third, special features, available for use with data solvables, preferably

facilitate maintaining the associated facts. In spite of these differences, it should be

noted that the mechanism of use by which an agent requests a service is the same for

15 the two types of solvables.

In one embodiment, a request for one of an agent's services normally arrives in

the form of an event from the agent's facilitator. The appropriate handler then deals

with this event. The handler may be coded in whatever fashion is most appropriate,

depending on the nature of the task, and the availability of task-specific libraries or

20 legacy code, if any. The only hard requirement is that the handler return an

appropriate response to the request, expressed in ICL. Depending on the nature of the

request, this response could be an indication of success or failure, or a list of solutions

(when the request is a data query).

A solvable preferably has three parts: a goal, a list of parameters, and a list of

25 permissions, which are declared using the format:

solvable(Goal, Parameters, Permissions)

The goal of a solvable, which syntactically takes the preferable form of an ICL

structure, is a logical representation of the service provided by the solvable. (An ICL

structure consists of afunctor with 0 or more arguments. For example, in the structure

30 a(b,c), 'a' is the functor, and 'b' and 'c' the arguments.) As with a PROLOG structure,

the goal's arguments themselves may preferably be structures.
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Various optiovcan be included in the parameter list, tlfine the semantics

associated with the solvable. The type parameter is preferably used to say whether the

solvable is data or procedure. When the type is procedure, another parameter may be

used to indicate the handler to be associated with the solvable. Some of the

5 parameters appropriate for a data solvable are mentioned elsewhere in this

application. In either case (procedure or data solvable), the private parameter may be

preferably used to restrict the use of a solvable to the declaring agent when the agent

intends the solvable to be solely for its internal use but wishes to take advantage of the

mechanisms in accordance with the present invention to access it, or when the agent

10 wants the solvable to be available to outside agents only at selected times. In support

of the latter case, it is preferable for the agent to change the status of a solvable from

private to non-private at any time.

The permissions of a solvable provide mechanisms by which an agent may

preferably control access to its services allowing the agent to restrict calling and

15 writing of a solvable to itself and/or other selected agents. (Calling means requesting

the service encapsulated by a solvable, whereas writing means modifying the

collection of facts associated with a data solvable.) The default permission for every

solvable in a further preferred embodiment of the present invention is to be callable

by anyone, and for data solvables to be writable by anyone. A solvable's permissions

20 can preferably be changed at any time, by the agent providing the solvable.

For example, the solvables of a simple email agent might include:

solvable(sendmessage(email, +ToPerson, +Params),
[type(procedure), callback(send-mail)],

[i])
25 solvable(lastmessage(email, -MessageId),

[type(data), singlevalue(true)],
[write(true)]),

solvable (get message(email, +MessageId, -
Msg),

30 [type(procedure), callback(getmail)],
[])

The symbols '+' and '-', indicating input and output arguments, are at present

used only for purposes of documentation. Most parameters and permissions have

default values, and specifications of default values may be omitted from the

35 parameters and permissions lists.
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Defining an a l's capabilities in terms of solvable deltions effectively

creates a vocabulary with which other agents can communicate with the new agent.
Ensuring that agents will speak the same language and share a common, unambiguous

semantics of the vocabulary involves ontology. Agent development tools and services

5 (automatic translations of solvables by the facilitator) help address this issue;

additionally, a preferred embodiment of the present invention will typically rely on

vocabulary from either formally engineered ontologies for specific domains or from

ontologies constructed during the incremental development of a body of agents for

several applications or from both specific domain ontologies and incrementally

i0 developed ontologies. Several example tools and services are described in Cheyer et

al.'s paper entitled "Development Tools for the Open Agent Architecture," as

presented at the Practical Application of Intelligent Agents and Multi-Agent

Technology (PAAM 96), London, April 1996.

Although the present invention imposes no hard restrictions on the form of

15 solvable declarations, two common usage conventions illustrate some of the utility

associated with solvables.

Classes of services are often preferably tagged by a particular type. For

instance, in the example above, the "lastmessage" and "get-message" solvables are

specialized for email, not by modifying the names of the services, but rather by the

20 use of the 'email' parameter, which serves during the execution of an ICL request to

select (or not) a specific type of message.

Actions are generally written using an imperative verb as the functor of the

solvable in a preferred embodiment of the present invention, the direct object (or item

class) as the first argument of the predicate, required arguments following, and then

25 an extensible parameter list as the last argument. The parameter list can hold optional

information usable by the function. The ICL expression generated by a natural

language parser often makes use of this parameter list to store prepositional phrases

and adjectives.

As an illustration of the above two points, "Send mail to Bob about lunch" will

30 be translated into an ICL request send message(email, 'Bob Jones', [subject(lunch)]),

whereas "Remind Bob about lunch" would leave the transport unspecified
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(sendmessae(KIN ob Jones', [subject(lunch)])), enablin 9 available message

transfer agents (e.g., fax, phone, mail, pager) to compete for the opportunity to carry

out the request.

Requesting Services

5 An agent preferably requests services of the community of agent by delegating

tasks or goals to its facilitator. Each request preferably contains calls to one or more

agent solvables, and optionally specifies parameters containing advice to help the

facilitator determine how to execute the task. Calling a solvable preferably does not

require that the agent specify (or even know of) a particular agent or agents to handle

10 the call. While it is possible to specify one or more agents using an address parameter

(and there are situations in which this is desirable), in general it is advantageous to

leave this delegation to the facilitator. This greatly reduces the hard-coded

component dependencies often found in other distributed frameworks. The agent

libraries of a preferred embodiment of the present invention provide an agent with a

15 single, unified point of entry for requesting services of other agents: the library

procedure oaaSolve. In the style of logic programming, oaaSolve may preferably

be used both to retrieve data and to initiate actions, so that calling a data solvable

looks the same as calling a procedure solvable.

Complex Goal Expressions

20 A powerful feature provided by preferred embodiments of the present

invention is the ability of a client agent (or a user) to submit compound goals of an

arbitrarily complex nature to a facilitator. A compound goal is a single goal

expression that specifies multiple sub-goals to be performed. In speaking of a

"complex goal expression" we mean that a single goal expression that expresses

25 multiple sub-goals can potentially include more than one type of logical connector

(e.g., AND, OR, NOT), and/or more than one level of logical nesting (e.g., use of

parentheses), or the substantive equivalent. By way of further clarification, we note

that when speaking of an "arbitrarily complex goal expression" we mean that goals

are expressed in a language or syntax that allows expression of such complex goals

30 when appropriate or when desired, not that every goal is itself necessarily complex.
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It is *teraeent
pt ..m d that this ability is provided through teragent

communication language having the necessary syntax and semantics. In one example,

the goals may take the form of compound goal expressions composed using operators

similar to those employed by PROLOG, that is, the comma for conjunction, the

5 semicolon for disjunction, the arrow for conditional execution, etc. The present

invention also contemplates significant extensions to PROLOG syntax and semantics.

For example, one embodiment incorporates a "parallel disjunction" operator

indicating that the disjuncts are to be executed by different agents concurrently. A

further embodiment supports the specification of whether a given sub-goal is to be

10 executed breadth-first or depth-first.

A further embodiment supports each sub-goal of a compound goal optionally

having an address and/or a set of parameters attached to it. Thus, each sub-goal takes

the form

Address:Goal::Parameters

15 where both Address and Parameters are optional.

An address, if present, preferably specifies one or more agents to handle the

given goal, and may employ several different types of referring expression: unique

names, symbolic names, and shorthand names. Every agent has preferably a unique

name, assigned by its facilitator, which relies upon network addressing schemes to

20 ensure its global uniqueness. Preferably, agents also have self-selected symbolic

names (for example, "mail"), which are not guaranteed to be unique. When an

address includes a symbolic name, the facilitator preferably takes this to mean that all

agents having that name should be called upon. Shorthand names include 'self and

"parent' (which refers to the agent's facilitator). The address associated with a goal or

25 sub-goal is preferably always optional. When an address is not present, it is the

facilitator's job to supply an appropriate address.

The distributed execution of compound goals becomes particularly powerful

when used in conjunction with natural language or speech-enabled interfaces, as the

query itself may specify how functionality from distinct agents will be combined. As

30 a simple example, the spoken utterance "Fax it to Bill Smith's manager." can be

translated into the following compound ICL request:

oaaSolve((manager('Bill Smith', M), fax(it,M,[])), [strategy(action)])
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Note that in th2CL request there are two sub-goals, "n ager('Bill

Smith',M)" and "fax(it,M,[])," and a single global parameter "strategy(action)."

According to the present invention, the facilitator is capable of mapping global

parameters in order to apply the constraints or advice across the separate sub-goals in

5 a meaningful way. In this instance, the global parameter strategy(action) implies a

parallel constraint upon the first sub-goal; i.e., when there are multiple agents that

can respond to the manager sub-goal, each agent should receive a request for service.

In contrast, for the second sub-goal, parallelism should not be inferred from the global

parameter strategy(action) because such an inference would possibly result in the

10 transmission of duplicate facsimiles.

Refining Service Requests

In a preferred embodiment of the present invention, parameters associated

with a goal (or sub-goal) can draw on useful features to refine the request's meaning.

For example, it is frequently preferred to be able to specify whether or not solutions

15 are to be returned synchronously; this is done using the reply parameter, which can

take any of the values synchronous, asynchronous, or none. As another example,

when the goal is a non-compound query of a data solvable, the cache parameter may

preferably be used to request local caching of the facts associated with that solvable.

Many of the remaining parameters fall into two categories: feedback and advice.

20 Feedback parameters allow a service requester to receive information from

the facilitator about how a goal was handled. This feedback can include such things as

the identities of the agents involved in satisfying the goal, and the amount of time

expended in the satisfaction of the goal.

Advice parameters preferably give constraints or guidance to the facilitator in

25 completing and interpreting the goal. For example, a solution limit parameter

preferably allows the requester to say how many solutions it is interested in; the

facilitator and/or service providers are free to use this information in optimizing their

efforts. Similarly, a time-limit is preferably used to say how long the requester is

willing to wait for solutions to its request, and, in a multiple facilitator system, a

30 levellimit may preferably be used to say how remote the facilitators may be that are

consulted in the search for solutions. A priority parameter is preferably used to
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indicate that a requelmore urgent than previous requests th ave not yet been

satisfied. Other preferred advice parameters include but are not limited to parameters

used to tell the facilitator whether parallel satisfaction of the parts of a goal is

appropriate, how to combine and filter results arriving from multiple solver agents,

5 and whether the requester itself may be considered a candidate solver of the sub-goals

of a request.

Advice parameters preferably provide an extensible set of low-level,

orthogonal parameters capable of combining with the ICL goal language to fully

express how information should flow among participants. In certain preferred

io embodiments of the present invention, multiple parameters can be grouped together

and given a group name. The resulting high-level advice parameters can preferably

be used to express concepts analogous to KQML's performatives, as well as define

classifications of problem types. For instance, KQML's "askall" and "askone"

performatives would be represented as combinations of values given to the parameters

15 reply, parallel_ok, and solutionlimit. As an example of a higher-level problem type,

the strategy "math-problem" might preferably send the query to all appropriate math

solvers in parallel, collect their responses, and signal a conflict if different answers are

returned. The strategy "essay-question" might preferably send the request to all

appropriate participants, and signal a problem (i.e., cheating) if any of the returned

20 answers are identical.

Facilitation

In a preferred embodiment of the present invention, when a facilitator receives

a compound goal, its job is to construct a goal satisfaction plan and oversee its

satisfaction in an optimal or near optimal manner that is consistent with the specified

25 advice. The facilitator of the present invention maintains a knowledge base that

records the capabilities of a collection of agents, and uses that knowledge to assist

requesters and providers of services in making contact.

Figure 7 schematically shows data structures 700 internal to a facilitator in

accordance with one embodiment of the present invention. Consider the function of a

30 Agent Registry 702 in the present invention. Each registered agent may be seen as

associated with a collection of fields found within its parent facilitator such as shown

in the figure. Each registered agent may optionally possess a Symbolic Name which
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would be entered in leld 704. As mentioned elsewhere, Sy lic Names need not

be unique to each instance of an agent. Note that an agent may in certain preferred

embodiments of the present invention possess more than one Symbolic Name. Such

Symbolic Names would each be found through their associations in the Agent

5 Registry entries. Each agent, when registered, must possess a Unique Address, which

is entered into the Unique Address field 706.

With further reference to Figure 7, each registered agent may be optionally

associated with one or more capabilities, which have associated Capability

Declaration fields 708 in the parent facilitator Agent Registry 702. These capabilities

10 may define not just functionality, but may further provide a utility parameter

indicating, in some manner (e.g., speed, accuracy, etc), how effective the agent is at

providing the declared capability. Each registered agent may be optionally associated

with one or more data components, which have associated Data Declaration fields 710

in the parent facilitator Agent Registry 702. Each registered agent may be optionally

15 associated with one or more triggers, which preferably could be referenced through

their associated Trigger Declaration fields 712 in the parent facilitator Agent Registry

702. Each registered agent may be optionally associated with one or more tasks,

which preferably could be referenced through their associated Task Declaration fields

714 in the parent facilitator Agent Registry 702. Each registered agent may be

20 optionally associated with one or more Process Characteristics, which preferably

could be referenced through their associated Process Characteristics Declaration fields

716 in the parent facilitator Agent Registry 702. Note that these characteristics in

certain preferred embodiments of the present invention may include one or more of

the following: Machine Type (specifying what type of computer may run the agent),

25 Language (both computer and human interface).

A facilitator agent in certain preferred embodiments of the present invention

further includes a Global Persistent Database 720. The database 720 is composed of

data elements which do not rely upon the invocation or instantiation of client agents

for those data elements to persist. Examples of data elements which might be present

30 in such a database include but are not limited to the network address of the facilitator

agent's server, facilitator agent's server accessible network port list, firewalls, user
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lists, and security ofI s regarding the access of server resou* accessible to the

facilitator agent.

A simplified walk through of operations involved in creating a client agent, a

client agent initiating a service request, a client agent responding to a service request

5 and a facilitator agent responding to a service request are including hereafter by way

of illustrating the use of such a system. These figures and their accompanying

discussion are provided by way of illustration of one preferred embodiment of the

present invention and are not intended to limit the scope of the present invention.

Figure 8 depicts operations involved in instantiating a client agent with its

10 parent facilitator in accordance with a preferred embodiment of the present invention.

The operations begin with starting the Agent Registration in a step 800. In a next step

802, the Installer, such as a client or facilitator agent, invokes a new client agent. It

will be appreciated that any computer entity is capable of invoking a new agent. The

system then instantiates the new client agent in a step 804. This operation may

15 involve resource allocations somewhere in the network on a local computer system

for the client agent, which will often include memory as well as placement of

references to the newly instantiated client agent in internal system lists of agents

within that local computing system. Once instantiated, the new client and its parent

facilitator establish a communications link in a step 806. In certain preferred

20 embodiments, this communications link involves selection of one or more physical

transport mechanisms for this communication. Once established, the client agent

transmits it profile to the parent facilitator in a step 808. When received, the parent

facilitator registers the client agent in a step 810. Then, at a step 812, a client agent

has been instantiated in accordance with one preferred embodiment of the present

25 invention.

Figure 9 depicts operations involved in a client agent initiating a service

request and receiving the response to that service request in accordance with a

preferred embodiment of the present invention. The method of Figure 9 begins in a

step 900, wherein any initialization or other such procedures may be performed.

30 Then, in a step 902, the client agent determines a goal to be achieved (or solved).

This goal is then translated in a step 904 into ICL, if it is not already formulated in it.

The goal, now stated in ICL, is then transmitted to the client agent's parent facilitator
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in a step 906. The pt facilitator responds to this service re'st and at a later

time, the client agent receives the results of the request in a step 908, operations of

Figure 9 being complete in a done step 910.

FIGURE 10 depicts operations involved in a client agent responding to a

5 service request in accordance with a preferred embodiment of the present invention.

Once started in a step 1000, the client agent receives the service request in a step

1002. In a next step 1004, the client agent parses the received request from ICL. The

client agent then determines if the service is available in a step 1006. If it is not, the

client agent returns a status report to that effect in a step 1008. If the service is

10 available, control is passed to a step 1010 where the client performs the requested

service. Note that in completing step 1010 the client may form complex goal

expressions, requesting results for these solvables from the facilitator agent. For

example, a fax agent might fax a document to a certain person only after requesting

and receiving a fax number for that person. Subsequently, the client agent either

15 returns the results of the service and/or a status report in a step 1012. The operations
of Figure 10 are complete in a done step 1014.

FIGURE 11 depicts operations involved in a facilitator agent response to a

service request in accordance with a preferred embodiment of the present invention.

The start of such operations in step 1100 leads to the reception of a goal request in a

20 step 1102 by the facilitator. This request is then parsed and interpreted by the
-'_ facilitator in a step 1104. The facilitator then proceeds to construct a goal satisfaction

plan in a next step 1106. In steps 1108 and 1110, respectively, the facilitator

determines the required sub-goals and then selects agents suitable for performing the

required sub-goals. The facilitator then transmits the sub-goal requests to the selected

25 agents in a step 1112 and receives the results of these transmitted requests in a step

1114. It should be noted that the actual implementation of steps 1112 and 1114 are

dependent upon the specific goal satisfaction plan. For instance, certain sub-goals

may be sent to separate agents in parallel, while transmission of other sub-goals may

be postponed until receipt of particular answers. Further, certain requests may

30 generate multiple responses that generate additional sub-goals. Once the responses

have been received, the facilitator determines whether the original requested goal has

been completed in a step 1118. If the original requested goal has not been completed,
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the facilitator recursiy repeats the operations 1106 through 6. Once the original

requested goal is completed, the facilitator returns the results to the requesting agent

1118 and the operations are done at 1120.

A further preferred embodiment of the present invention incorporates

5 transparent delegation, which means that a requesting agent can generate a request,

and a facilitator can manage the satisfaction of that request, without the requester

needing to have any knowledge of the identities or locations of the satisfying agents.

In some cases, such as when the request is a data query, the requesting agent may also

be oblivious to the number of agents involved in satisfying a request. Transparent

I0 delegation is possible because agents' capabilities (solvables) are treated as an abstract

description of a service, rather than as an entry point into a library or body of code.

A further preferred embodiment of the present invention incorporates

facilitator handling of compound goals, preferably involving three types of

processing: delegation, optimization and interpretation.

15 Delegation processing preferably supports facilitator determination of which

specific agents will execute a compound goal and how such a compound goal's sub-

goals will be combined and the sub-goal results routed. Delegation involves selective

application of global and local constraint and advice parameters onto the specific sub-

goals. Delegation results in a goal that is unambiguous as to its meaning and as to the

2o agents that will participate in satisfying it.

Optimization processing of the completed goal preferably includes the

facilitator using sub-goal parallelization where appropriate. Optimization results in a

goal whose interpretation will require as few exchanges as possible, between the

facilitator and the satisfying agents, and can exploit parallel efforts of the satisfying

25 agents, wherever this does not affect the goal's meaning.

Interpretation processing of the optimized goal. Completing the addressing of

a goal involves the selection of one or more agents to handle each of its sub-goals

(that is, each sub-goal for which this selection has not been specified by the

requester). In doing this, the facilitator uses its knowledge of the capabilities of its

30 client agents (and possibly of other facilitators, in a multi-facilitator system). It may

also use strategies or advice specified by the requester, as explained below. The
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interpretation of a #involves the coordination of requests Oe satisfying agents,

and assembling their responses into a coherent whole, for return to the requester.

A further preferred embodiment of present invention extends facilitation so the

facilitator can employ strategies and advice given by the requesting agent, resulting in

5 a variety of interaction patterns that may be instantiated in the satisfaction of a

request.

A further preferred embodiment of present invention handles the distribution

of both data update requests and requests for installation of triggers, preferably using

some of the same strategies that are employed in the delegation of service requests.

10 Note that the reliance on facilitation is not absolute; that is, there is no hard

requirement that requests and services be matched up by the facilitator, or that

interagent communications go through the facilitator. There is preferably support in

the agent library for explicit addressing of requests. However, a preferred

embodiment of the present invention encourages employment the paradigm of agent

15 communities, minimizing their development effort, by taking advantage of the

facilitator's provision of transparent delegation and handling of compound goals.

A facilitator is preferably viewed as a coordinator, not a controller, of

cooperative task completion. A facilitator preferably never initiates an activity. A

facilitator preferably responds to requests to manage the satisfaction of some goal, the

20 update of some data repository, or the installation of a trigger by the appropriate agent

or agents. All agents can preferably take advantage of the facilitator's expertise in

delegation, and its up-to-date knowledge about the current membership of a dynamic

community. The facilitator's coordination services often allows the developer to

lessen the complexity of individual agents, resulting in a more manageable software

25 development process, and enabling the creation of lightweight agents.

Maintaining Data Repositories

The agent library supports the creation, maintenance, and use of databases, in

the form of data solvables. Creation of a data solvable requires only that it be

declared. Querying a data solvable, as with access to any solvable, is done using

30 oaaSolve.
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A data solva.0s conceptually similar to a relation inO ational database.

The facts associated with each solvable are maintained by the agent library, which

also handles incoming messages containing queries of data solvables. The default

behavior of an agent library in managing these facts may preferably be refined, using

5 parameters specified with the solvable's declaration. For example, the parameter

singlevalue preferably indicates that the solvable should only contain a single fact at

any given point in time. The parameter unique-values preferably indicates that no

duplicate values should be stored.

Other parameters preferably allow data solvables use of the concepts of

10 ownership and persistence. For implementing shared repositories, it is often

preferable to maintain a record of which agent created each fact of a data solvable

with the creating agent being preferably considered the fact's owner. In many

applications, it is preferable to remove an agent's facts when that agent goes offline

(for instance, when the agent is no longer participating in the agent community,

15 whether by deliberate termination or by malfunction). When a data solvable is

declared to be non-persistent, its facts are automatically maintained in this way,

whereas a persistent data solvable preferably retains its facts until they are explicitly

removed.

A further preferred embodiment of present invention supports an agent library

20 through procedures by which agents can update (add, remove, and replace) facts

belonging to data solvables, either locally or on other agents, given that they have

preferably the required permissions. These procedures may preferably be refined

using many of the same parameters that apply to service requests. For example, the

address parameter preferably specifies one or more -particular agents to which the

25 update request applies. In its absence, just as with service requests, the update request

preferably goes to all agents providing the relevant data solvable. This default

behavior can be used to maintain coordinated "mirror" copies of a data set within

multiple agents, and can be useful in support of distributed, collaborative activities.

Similarly, the feedback parameters, described in connection with oaaSolve,

30 are preferably available for use with data maintenance requests.

Attorney Docket No: SRI I PO I 6(3477)/BRCIEWJ DISH, ExiPaM3,1pof:59
Petitioner Microsoft Corporation - Ex. 1008, p. 1291



A further prer embodiment of present invention sulorts ability to

provide data solvables not just to client agents, but also to facilitator agents. Data

solvables can preferably created, maintained and used by a facilitator. The facilitator

preferably can, at the request of a client of the facilitator, create, maintain and share

5 the use of data solvables with all the facilitator's clients. This can be useful with

relatively stable collections of agents, where the facilitator's workload is predictable.

Using a Blackboard Style of Communication

In a further preferred embodiment of present invention, when a data solvable

10 is publicly readable and writable, it acts essentially as a global data repository and can

be used cooperatively by a group of agents. In combination with the use of triggers,

this allows the agents to organize their efforts around a "blackboard" style of

communication.

As an example, the "DCG-NL" agent (one of several existing natural language

15 processing agents), provides natural language processing services for a variety of its

peer agents, expects those other agents to record, on the facilitator, the vocabulary to

which they are prepared to respond, with an indication of each word's part of speech,

and of the logical form (ICL sub-goal) that should result from the use of that word. In

a further preferred embodiment of present invention, the NL agent, preferably when it

20 comes online, preferably installs a data solvable for each basic part of speech on its

facilitator. For instance, one such solvable would be:

solvable(noun(Meaning, Syntax), [], [])

Note that the empty lists for the solvable's permissions and parameters are acceptable

here, since the default permissions and parameters provide appropriate functionality.

25 A further preferred embodiment of present invention incorporating an Office

Assistant system as discussed herein or similar to the discussion here supports several

agents making use of these or similar services. For instance, the database agent uses

the following call, to library procedure oaaAddData, to post the noun 'boss', and to

indicate that the "meaning" of boss is the concept 'manager':

30 oaaAddData(noun(manager, atom(boss)), [address(parent)])
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Autonomous Moni .ng with Triggers

A further preferred embodiment of present invention includes support for

triggers, providing a general mechanism for requesting some action be taken when a

set of conditions is met. Each agent can preferably install triggers either locally, for

5 itself, or remotely, on its facilitator or peer agents. There are preferably at least four

types of triggers: communication, data, task, and time. In addition to a type, each

trigger preferably specifies at least a condition and an action, both preferably

expressed in ICL. The condition indicates under what circumstances the trigger should

fire, and the action indicates what should happen when it fires. In addition, each

10 trigger can be set to fire either an unlimited number of times, or a specified number of

times, which can be any positive integer.

Triggers can be used in a variety of ways within preferred embodiments of the

present invention. For example, triggers can be used for monitoring external sensors

in the execution environment, tracking the progress of complex tasks, or coordinating

15 communications between agents that are essential for the synchronization of related

tasks. The installation of a trigger within an agent can be thought of as a

representation of that agent's commitment to carry out the specified action, whenever

the specified condition holds true.

Communication triggers preferably allow any incoming or outgoing event

20 (message) to be monitored. For instance, a simple communication trigger may say

something like: "Whenever a solution to a goal is returned from the facilitator, send

the result to the presentation manager to be displayed to the user."

Data triggers preferably monitor the state of a data repository (which can be

maintained on a facilitator or a client agent). Data triggers' conditions may be tested

25 upon the addition, removal, or replacement of a fact belonging to a data solvable. An

example data trigger is: "When 15 users are simultaneously logged on to a machine,

send an alert message to the system administrator."

Task triggers preferably contain conditions that are tested after the processing

of each incoming event and whenever a timeout occurs in the event polling. These

30 conditions may specify any goal executable by the local ICL interpreter, and most

often are used to test when some solvable becomes satisfiable. Task triggers are
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useful in checking fo"Q.k-specific internal conditions. Althou0-ri many cases such

conditions are captured by solvables, in other cases they may not be. For example, a
mail agent might watch for new incoming mail, or an airline database agent may

monitor which flights will arrive later than scheduled. An example task trigger is:

5 "When mail arrives for me about security, notify me immediately."

Time triggers preferably monitor time conditions. For instance, an alarm

trigger can be set to fire at a single fixed point in time (e.g., "On December 23rd at

3pm"), or on a recurring basis (e.g., "Every three minutes from now until noon").

Triggers are preferably implemented as data solvables, declared implicitly for

10 every agent. When requesting that a trigger be installed, an agent may use many of the

same parameters that apply to service and data maintenance requests.

A further preferred embodiment of present invention incorporates semantic

support, in contrast with most programming methodologies, of the agent on which the

trigger is installed only having to know how to evaluate the conditional part of the

15 trigger, not the consequence. When the trigger fires, the action is delegated to the

facilitator for execution. Whereas many commercial mail programs allow rules of the

form "When mail arrives about XXX, [forward it, delete it, archive it]", the possible

actions are hard-coded and the user must select from a fixed set.

A further preferred embodiment of present invention, the consequence of a

20 trigger may be any compound goal executable by the dynamic community of agents.

Since new agents preferably define both functionality and vocabulary, when an

unanticipated agent (for example, a fax agent) joins the community, no modifications

to existing code is required for a user to make use of it - "When mail arrives, fax it to

Bill Smith."

25

The Agent Library

In a preferred embodiment of present invention, the agent library provides the

infrastructure for constructing an agent-based system. The essential elements of

protocol (involving the details of the messages that encapsulate a service request and

30 its response) are preferably made transparent to simplify the programming

applications. This enables the developer to focus functionality, rather than message
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construction details a ommunication details. For example, O0quest a service of

another agent, an agent preferably calls the library procedure oaaSolve. This call

results in a message to a facilitator, which will exchange messages with one or more

service providers, and then send a message containing the desired results to the

5 requesting agent. These results are returned via one of the arguments of oaaSolve.

None of the messages involved in this scenario is explicitly constructed by the agent

developer. Note that this describes the synchronous use of oaaSolve.

In another preferred embodiment of present invention, an agent library

provides both intraagent and interagent infrastructure; that is, mechanisms supporting

10 the internal structure of individual agents, on the one hand, and mechanisms of

cooperative interoperation between agents, on the other. Note that most of the

infrastructure cuts across this boundary with many of the same mechanisms

supporting both agent internals and agent interactions in an integrated fashion. For

example, services provided by an agent preferably can be accessed by that agent

15 through the same procedure (oaaSolve) that it would employ to request a service of

another agent (the only difference being in the address parameter accompanying the

request). This helps the developer to reuse code and avoid redundant entry points into

the same functionality.

Both of the preferred characteristics described above (transparent construction

20 of messages and integration of intraagent with interagent mechanisms) apply to most

other library functionality as well, including but not limited to data management and

temporal control mechanisms.

Source Code Appendix

Source code for version 2.0 of theOAA software product is included as an

25 appendix hereto, and is incorporated herein by reference. The code includes an agent

library, which provides infrastructure for constructing an agent-based system. The

library's several families of procedures provide the functionalities discussed above, as

well as others that have not been discussed here but that will be sufficiently clear to

the interested practitioner. For example, declarations of an agent's solvables, and their

30 registration with a facilitator, are managed using procedures such as oaaDeclare,

oaaUndeclare, and oaaRedeclare. Updates to data solvables can be accomplished

with a family of procedures including oaaAddData, oaa RemoveData, and
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oaaReplaceData. SMarly, triggers are maintained using pro ures such as

oaaAddTrigger, oaaRemoveTrigger, and oaaReplaceTrigger. The provided

source code also includes source code for an OAA Facilitator Agent.

The source code appendix is offered solely as a means of further helping

5 practitioners to construct a preferred embodiment of the invention. By no means is

the source code intended to limit the scope of the present invention.

Illustrative Applications

To further illustrate the technology of the preferred embodiment, we will next

present and discuss two sample applications of the present inventions.

io Unified Messaging

A further preferred embodiment of present invention incorporates a Unified

Messaging application extending the Automated Office application presented

previously herein with an emphasis on ubiquitous access and dynamic presentation of

the information and services supported by the agent community. The agents used in

15 this application are depicted in Figure 12.

A hypothetical example of realistic dialog using a preferred embodiment of

the present invention can provide insight into how systems may preferably be built

using the present invention. In this scenario, the user, with only a telephone as an

interface, is planning a trip to Boston where he will soon give a presentation.

20 Capitalized sentences are phrases spoken by the user into the telephone and processed

by a phone agent 452.

Responses, unless otherwise indicated, are spoken by the system using text-to-

speech generation agent 454.

25 1.1 Welcome to SRI International. Please enter your
user ID and'password.

<User enters touchtone ID and password>

Good to see you again Adam Cheyer. I am

listening to you.

30 Every user interface agent 408, including the telephone agent 452, should

know the identify of its user. This information is used in resolving anaphoric
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references such as " and "I", and allows multiple user inte1es operated by the

same user to work together.

1.2 WHAT IS TODAY'S SCHEDULE?
Here is today's schedule for Adam Cheyer:

5 At 10am for 1 hour, meeting with Dave.
At 3pm for 1 hour, presentation about software

agents.

End of schedule.

If the user is operating both a graphical user interface and a telephone, as

10 described in conjunction with the Automated Office application, the result of this

spoken request is to display a calendar window containing the current schedule. In

this case, with no graphical display available, the GEN_NL agent 1202 is tasked to

produce a spoken response that can be played over the phone. GENNL shares the

same dynamic vocabulary and phrasal rules as the natural language parser DCGNL

15 426, and contains strategies for producing responses to queries using either simple or

list-based multimedia utterances.

1.3 FIND FRIDAY'S WEATHER IN BOSTON.
The weather in Boston for Friday is as follows:

Sunny in the morning. Partly cloudy in the
20 afternoon with a 20

percent chance of thunderstorms late. Highs in the
mid 70s.

In addition to data accessible from legacy applications, content may be

retrieved by web-reading agents which provide wrappers around useful websites.

25 1.4 FIND ALL NEW MAIL MESSAGES.
There are 2 messages available.
Message 1, from Mark Tierny, entitled "OAA meeting."

1.5 NEXT MESSAGE
Message 2, from Jennifer Schwefler, entitled

30 "Presentation Summary."
1.6 PLAY IT.

This message is a multipart MIME-encoded message.
There are two parts.

Part 1. (Voicemail message, not text-to speech):
35 Thanks for taking part as a speaker in our

conference.
The schedule will be posted soon on our homepage.

1.7 NEXT PART
Part 2. (read using text-to-speech):

40 The presentation home page is http://www....
1.8 PRINT MESSAGE

Command executed.
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Mail messagare no longer just simple text documen, ut often consist of

multiple subparts containing audio files, pictures, webpages, attachments and so forth.

When a user asks to play a complex email message over the telephone, many different

agents may be implicated in the translation process, which would be quite different

5 given the request "print it." The challenge is to develop a system which will enable

agents to cooperate in an extensible, flexible manner that alleviates explicit coding of

agent interactions for every possible input/output combination.

In a preferred embodiment of the present invention, each agent concentrates

only on what it can do and on what it knows, and leaves other work to be delegated to

10 the agent community. For instance, a printer agent 1204, defining the solvable

print(Object,Parameters), can be defined by the following pseudo-code, which

basically says, "If someone can get me a document, in either POSTSCRIPT or text

form, I can print it.".

15 print(Object, Parameters) {
I If Object is reference to "it", find an appropriate

document
if (Object = "ref(it)")

oaaSolve(resolvereference(the, document, Params,
20 Object), []);

' Given a reference to some document, ask for the
document in POSTSCRIPT

if (Object = "id(Pointer)")
oaa Solve(resolveid-as(id(Pointer), postscript,

25 [], Object), []);
If Object is of type text or POSTSCRIPT, we can

print it.
if ((Object is of type Text) or (Object is of type

Postscript))
30 doprint (Object);

In the above example, since an email message is the salient document, the

mail agent 442 will receive a request to produce the message as POSTSCRIPT.

Whereas the mail agent 442 may know how to save a text message as POSTSCRIPT,

35 it will not know what to do with a webpage or voicemail message. For these parts of

the message, it will simply send oaaSolve requests to see if another agent knows

how to accomplish the task.
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Until now, tl ser has been using only a telephone as r interface. Now, he

moves to his desktop, starts a web browser 436, and accesses the URL referenced by

the mail message.

1.9 RECORD MESSAGE
5 Recording voice message. Start speaking now.

1.10 THIS IS THE UPDATED WEB PAGE CONTAINING THE
PRESENTATION SCHEDULE.

Message one recorded.
1.11 IF THIS WEB PAGE CHANGES, GET IT TO ME WITH NOTE

10 ONE.
Trigger added as requested.

In this example, a local agent 436 which interfaces with the web browser can

return the current page as a solution to the request "oaaSolve(resolvereference(this,

web_page, [], Ref),[])", sent by the NL agent 426. A trigger is installed on a web

15 agent 436 to monitor changes to the page, and when the page is updated, the notify

agent 446 can find the user and transmit the webpage and voicemail message using

the most appropriate media transfer mechanism.

This example based on the Unified Messaging application is intended to show

how concepts in accordance with the present invention can be used to produce a

20 simple yet extensible solution to a multi-agent problem that would be difficult to

implement using a more rigid framework. The application supports adaptable

presentation for queries across dynamically changing, complex information; shared

context and reference resolution among applications; and flexible translation of

multimedia data. In the next section, we will present an application which highlights

25 the use of parallel competition and cooperation among agents during multi-modal

fusion.

Multimodal Map

A further preferred embodiment of present invention incorporates the

Multimodal Map application. This application demonstrates natural ways of

30 communicating with a community of agents, providing an interactive interface on

which the user may draw, write or speak. In a travel-planning domain illustrated by

Figure 13, available information includes hotel, restaurant, and tourist-site data

retrieved by distributed software agents from commercial Internet sites. Some

preferred types of user interactions and multimodal issues handled by the application
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are illustrated by a b*cenario featuring working examples t@ from the current

system.

Sara is planning a business trip to San Francisco, but would like to schedule

some activities for the weekend while she is there. She turns on her laptop PC,

5 executes a map application, and selects San Francisco.

2.1 [Speaking] Where is downtown?
Map scrolls to appropriate area.

2.2 [Speaking and drawing region] Show me all hotels
near here.

10 Icons representing hotels appear.
2.3 [Writes on a hotel] Info?

A textual description (price, attributes, etc.)
appears.
2.4 [Speaking] I only want hotels with a pool.

15 Some hotels disappear.
2.5 [Draws a crossout on a hotel that is too close to a
highway]

Hotel disappears
2.6 [Speaking and circling] Show me a photo of this

20 hotel.
Photo appears.

2.7 [Points to another hotel]
Photo appears.

2.8 [Speaking] Price of the other hotel?
25 Price appears for previous hotel.

2.9 [Speaking and drawing an arrow] Scroll down.
Display adjusted.

2.10 [Speaking and drawing an arrow toward a hotel]
What is the distance from this hotel to Fisherman's

30 Wharf?
Distance displayed.

2.11 [Pointing to another place and speaking] And the
distance to here?

Distance displayed.

35 Sara decides she could use some human advice. She picks up the phone, calls

Bob, her travel agent, and writes Start collaboration to synchronize his display with

hers. At this point, both are presented with identical maps, and the input and actions

of one will be remotely seen by the other.

40 3.1 [Sara speaks and circles two hotels]
Bob, I'm trying to choose between these two hotels.

Any opinions?
3.2 [Bob draws an arrow, speaks, and points]

Well, this area is really nice to visit. You can
45 walk there from
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this ho.
Map scrolls to indicated area. Hotel selected.

3.3 [Sara speaks] Do you think I should visit Alcatraz?
3.4 [Bob speaks] Map, show video of Alcatraz.

5 Video appears.
3.5 [Bob speaks] Yes, Alcatraz is a lot of fun.

A further preferred embodiment of present invention generates the most

appropriate interpretation for the incoming streams of multimodal input. Besides

providing a user interface to a dynamic set of distributed agents, the application is

10 preferably built using an agent framework. The present invention also contemplates

aiding the coordinate competition and cooperation among information sources, which

in turn works in parallel to resolve the ambiguities arising at every level of the

interpretation process: low-level processing of the data stream, anaphora resolution,

cross-modality influences and addressee.

15 Low-level processing of the data stream: Pen input may be preferably

interpreted as a gesture (e.g., 2.5: cross-out) by one algorithm, or as handwriting by a

separate recognition process (e.g., 2.3: "info?"). Multiple hypotheses may preferably

be returned by a modality recognition component.

Anaphora resolution: When resolving anaphoric references, separate

20 information sources may contribute to resolving the reference: context by object type,

deictic, visual context, database queries, discourse analysis. An example of

information provided through context by object type is found in interpreting an

utterance such as "show photo of the hotel", where the natural language component

can return a list of the last hotels talked about. Deictic information in combination

25 with a spoken utterance like "show photo of this hotel" may preferably include

pointing, circling, or arrow gestures which might indicate the desired object (e.g.,

2.7). Deictic references may preferably occur before, during, or after an

accompanying verbal command. Information provided in a visual context, given for

the request "display photo of the hotel" may preferably include the user interface

30 agent might determine that only one hotel is currently visible on the map, and

therefore this might be the desired reference object. Database queries preferably

involving information from a database agent combined with results from other

resolution strategies. Examples are "show me a photo of the hotel in Menlo Park" and
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2.2. Discourse anal preferably provides a source of inforrn for phrases such

as "No, the other one" (or 2.8).

The above list of preferred anaphora resolution mechanisms is not exhaustive.

Examples of other preferred resolution methods include but are not limited to spatial

5 reasoning ("the hotel between Fisherman's Wharf and Lombard Street") and user

preferences ("near my favorite restaurant").

Cross-modality influences: When multiple modalities are used together, one

modality may preferably reinforce or remove or diminish ambiguity from the

interpretation of another. For instance, the interpretation of an arrow gesture may vary

10 when accompanied by different verbal commands (e.g., "scroll left" vs. "show info

about this hotel"). In the latter example, the system must take into account how

accurately and unambiguously an arrow selects a single hotel.

Addressee: With the addition of collaboration technology, humans and

automated agents all share the same workspace. A pen doodle or a spoken utterance

15 may be meant for either another human, the system (3.1), or both (3.2).

The implementation of the Multimodal Map application illustrates and

exploits several preferred features of the present invention: reference resolution and

task delegation by parallel parameters of oaaSolve, basic multi-user collaboration

handled through built-in data management services, additional functionality readily

20 achieved by adding new agents to the community, domain-specific code cleanly

separated from other agents.

A further preferred embodiment of present invention provides reference

resolution and task delegation handled in a distributed fashion by the parallel

parameters of oaaSolve, with meta-agents encoding rules to help the facilitator make

25 context- or user-specific decisions about priorities among knowledge sources.

A further preferred embodiment of present invention provides basic multi-user

collaboration handled through at least one built-in data management service. The

map user interface preferably publishes data solvables for elements such as icons,

screen position, and viewers, and preferably defines these elements to have the

30 attribute "shareable". For every update to this public data, the changes are preferably
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automatically replicO to all members of the collaborative se'. n, with associated

callbacks producing the visible effect of the data change (e.g., adding or removing an

icon).

Functionality for recording and playback of a session is preferably

implemented by adding agents as members of the collaborative community. These

agents either record the data changes to disk, or read a log file and replicate the

changes in the shared environment.

The domain-specific code for interpreting travel planning dialog is preferably

separated from the speech, natural language, pen recognition, database and map user

10 interface agents. These components were preferably reused without modification to

add multimodal map capabilities to other applications for activities such as crisis

management, multi-robot control, and the MVIEWS tools for the video analyst.

Improved Scalability and Fault Tolerance

Implementations of a preferred embodiment of present invention which rely

15 upon simple, single facilitator architectures may face certain limitations with respect

to scalability, because the single facilitator may become a communications bottleneck

and may also represent a single, critical point for system failure.

Multiple facilitator systems as disclosed in the preferred embodiments to this

point can be used to construct peer-to-peer agent networks as illustrated in Figure 14.

20 While such embodiments are scalable, they do possess the potential for

communication bottlenecks as discussed in the previous paragraph and they further

possess the potential for reliability problems as central, critical points of vulnerability

to systems failure.

A further embodiment of present invention supports a facilitator implemented

25 as an agent like any other, whereby multiple facilitator network topologies can be

readily constructed. One example configuration (but not the only possibility) is a

hierarchical topology as depicted in Figure 15, where a top level Facilitator manages

collections of both client agents 1508 and other Facilitators, 1504 and 1506.

Facilitator agents could be installed for individual users, for a group of users, or as

30 appropriate for the task.
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Note further, 0.t network work topologies of facilitatoan be seen as

graphs where each node corresponds to an instance of a facilitator and each edge

connecting two or more nodes corresponds to a transmission path across one or more

physical transport mechanisms. Some nodes may represent facilitators and some

5 nodes may represent clients. Each node can be further annotated with attributes

corresponding to include triggers, data, capabilities but not limited to these attributes..

A further embodiment of present invention provides enhanced scalability and

robustness by separating the planning and execution components of the facilitator. In

contrast with the centralized facilitation schemes described above, the facilitator

10 system 1600 of Figure 16 separates the registry/planning component from the

execution component. As a result, no single facilitator agent must carry all

communications nor does the failure of a single facilitator agent shut down the entire

system.

Turning directly to Figure 16, the facilitator system 1600 includes a

15 registry/planner 1602 and a plurality of client agents 1612-1616. The registry/planner

1604 is typically replicated in one or more locations accessible by the client agents.

Thus if the registry/planner 1604 becomes unavailable, the client agents can access

the replicated registry/planner(s).

This system operates, for example, as follows. An agent transmits a goal 1610

20 to the registry planner 1602. The registry/planner 1604 translates the goal into an

unambiguous execution plan detailing how to accomplish any sub-goals developed

from the compound goal, as well as specifying the agents selected for performing the

sub-goals. This execution plan is provided to the requesting agent which in turn

initiates peer-to-peer interactions 1618 in order to implement the detailed execution

25 plan, routing and combining information as specified within the execution plan.

Communication is distributed thus decreasing sensitivity of the system to bandwidth

limitations of a single facilitator agent. Execution state is likewise distributed thus

enabling system operation even when a facilitator agent fails.

Further embodiments of present invention incorporate into the facilitator

30 functionality such as load-balancing, resource management, and dynamic

configuration of agent locations and numbers, using (for example) any of the

topologies discussed. Other embodiments incorporate into a facilitator the ability to

aid agents in establishing peer-to-peer communications. That is, for tasks requiring a
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sequence of exchan O.. etween two agents, the facilitator assI e agents in finding

one another and establishing communication, stepping out of the way while the agents

communicate peer-to-peer over a direct, perhaps dedicated channel.

Further preferred embodiments of the present invention incorporate

5 mechanisms for basic transaction management, such as periodically saving the state of

agents (both facilitator and client) and rolling back to the latest saved state in the

event of the failure of an agent.
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APPENDIX A.I

Source code file named compound.pl.

0

U
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% File compound.pl
% Primary Authors : David Martin, Adam Cheyer
% Purpose : Provides handling of compound goals by the facilitator.

% Unpublished-rights reserved under the copyright laws of the United States.

% Unpublished Copyright (c) 1998, SRI International.
% "Open Agent Architecture" and "OAA" are Trademarks of SRI International.

-------------------------------------------------------------------------

% This is just here so this file can be compiled separately (but its
% official declaration is in oaa.pl):

op(599,yfx,::).

- dynamic
bindingnum/1,
ksnum/l,
multiple continuation/7

% This file is loaded by facilitator code, and thus no
% module imports are needed here.

% OVERVIEW

These facilitator routines support the use of compound "ICL goals".
An ICLGoal is of the form Sources:Goal::Params, where both Sources and
Params are optional. Each subgoal of ICLGoal is also of that form.

When an agent calls solve/2, it may specify an ICL goal which is
"incomplete"; that is, ambiguous as to which agents are to solve the
various subgoals. The facilitator then completes the ICL goal, if
necessary, and executes it. Execution involves having all the
subgoals solved by the appropriate agents, assembling the solutions,
and returning them to the requesting agent.

If a agent wants to construct a complete ICL goal, and is willing to
guarantee that it's complete and that all solvers mentioned in it are
currently valid, then that agent (usually a "meta-agent") may call
executegoal directly. @@ We haven't yet provided library calls for
this.

IMPORTANT NOTE: : has higher precedence than ::. This means that
a:b::c will unify with X:Y and X:Y::Z, but NOT with Y::Z.

Wherever a Sources field appears, it may be any of the following:
built in
facilitator
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parent
KS
[KS1, KS2, .

'built in' isn't normally specified by a requesting agent - although
there's no harm in doing so - but is used internally by the
facilitator. KS, KS1, KS2, etc. may be either the name or address of
an agent (client or facilitator). 'facilitator' or 'parent' may also
appear in a list of KS's. If Sources is an empty list or a var, it is
handled just as if there were no Sources field, in which case the
facilitator determines what sources are relevant.

Note that when an ICL goal includes a Sources field, there should not be
Sources fields for any of its subgoals. If there are, they will be
ignored. (@@Need to make sure this works ok.) However, Params fields
may be usefully nested within goals that have Params fields. Certain
nested parameters, such as solutionlimit/l, can be used by the
solving agent.

If an ICL goal has parameters, some of them are "inherited" by
subgoals. If there's a conflicting parameter on a subgoal, however,
it overrides an inherited parameter.

PARAMETERS

address(+A) [embedded or global] - Used precisely as if A: prefixes
the relevant goal.

getaddress(-S) [embedded] - bind S to indicate who provided the
solution. Solver identities will be given as numeric ids. Currently
only works when attached to non-compound (sub)goals.

getaddress(-S) [global] - bind S to indicate all sources that were queried
in finding solutions (even if they returned none).

% GOAL COMPLETION

completegoal(RequestingKS, Goal, GlobalParams, CompletedGoal).

completegoal takes in an ICL goal and produces a "complete ICL goal"
(sometimes known as a "plan", but I think we'll reserve that term for
future developments). The goal and the complete goal have precisely
the same variables - but are not necessarily unifiable.

completegoal(RequestingKS, Goal, GlobalParams, CompletedGoal)
complete addressing(RequestingKS, Goal, GlobalParams, AddressedGoal),
complete concurrency(AddressedGoal, CompletedGoal).
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complete_addressing(+RequestingKS, +ICLGoal, +GlobalParams, -AddressedGoal).

AddressedGoal has more-or-less the same form as ICLGoal, but possibly
with some regrouping of subgoals, and the addition of Sources fields
to ICLGoal or its subgoals. The idea is that AddressedGoal contains
complete information as to where its various subgoals are to be sent,
so that no further analysis is needed. Any regrouping of subgoals is
done as an optimization. AddressedGoal shares all variables with
ICLGoal.

@@What other operators (e.g., negation) might we want to support?

complete_addressing(RequestingKS, ICLGoal, GlobalParams, AddressedGoal)
% @@ verifyparams(GlobalParams, global, Verified),
complete sources(RequestingKS, ICLGoal, GlobalParams,

AddressedGoalWithParamsEverywhere),
% @@Here, propagate params, instantiate address request in GlobalParams. ?
remove_emptyparams(AddressedGoalWithParamsEverywhere, AddressedGoal).

complete_sources(+RequestingKS, +ICLGoal, +GlobalParams, -AddressedGoal).

Ensures that every subgoal is explicitly covered by one or more
sources. Determines the largest subgoals that can be "chunked"; that
is, grouped together for submission to a source.

In the process, every goal acquires a Params field (wherever there was
no Params field before, the empty list is added). This is done just
to make the definition of completesources more readable.

% Here we assume that the goal-writer didn't really mean to put a var,
% because it's not meaningful to do so:

complete_sources(KS, Sources:Goal, GlobalParams, AddressedGoal)
var(Sources),

complete sources(KS, Goal, GlobalParams, AddressedGoal).

AddressedGoal = A: ->

Sources = A
otherwise ->
findall(A, subterm(A:_, AddressedGoal), SubSources),
% @@More work needed here:
Sources = SubSources

% Here we assume that the goal-writer didn't really mean to put [],
% because it's not meaningful to do so:
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complete_sources(KS, []:Goal, GlobalParams, AddressedGoal) .-

complete sources(KS, Goal, GlobalParams, AddressedGoal).

% Sources and Params already specified; we're done:
% @@But let's verify the sources are valid!

complete_sources(_KS, Sources:Goal::Params, _GlobalParams,
Sources:Goal::Params)

% Sources already specified; add empty Params list:
complete_sources(_KS, Sources:Goal, _GlobalParams, Sources:Goal:: [])

I.

% Sure, we'll continue to support an address in Params or GlobalParams:
complete_sources(KS, Goal::Params, GlobalParams, AddressedGoal)

% @@ verifyparams(...),
memberchk(address(Sources), Params)
memberchk(address(Sources), GlobalParams) ),

\+ var(Sources),
I,
complete sources(KS, Sources:Goal::Params, GlobalParams, AddressedGoal).

% No Sources or Params specified; add empty Params list before
% proceeding:

complete_sources(KS, Goal, GlobalParams, AddressedGoal)
\+ (Goal = :: )

complete sources(KS, Goal::[], GlobalParams, AddressedGoal).

% Here we get down to the real work: determining solvers and
% chunking of subgoals:

completesources(KS, (\+ Goall) ::Params, GlobalParams, AddressedGoal)
I ,
oaaName(Facilitator),
complete sources(KS, Goall, GlobalParams, AddressedGoall),
% If S1 is a SINGLE source, it's OK to send the negation to the source.
% This case also works if S1 == built in.
(AddressedGoall = [Sl] :Gl::Pl,
S1 \== Facilitator,
Sl \== facilitator) ->

AddressedGoal = S: ((\+ Gl) ::Pl) ::Params
otherwise ->
AddressedGoal = (\+ AddressedGoall::Params)

complete_sources(KS, (Goall, Goal2, Goal3) ::Params, GlobalParams,
AddressedGoal) :-

% This clause is needed because we want built-in pred's to be grouped
% with what comes before, not after.

complete sources(KS, Goall, GlobalParams, AddressedGoall),
complete sources(KS, Goal2, GlobalParams, AddressedGoal2),
complete sources(KS, Goal3, GlobalParams, AddressedGoal3),

(AddressedGoall = Sl:Gl::Pl,
AddressedGoal2 = S2:G2::P2,
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AddressedGoal3 = S3:G3::P3,
chunkable sources([S1, S2, S3], Sources),
compatibleparams([Pl, P2, P3])) ->
AddressedGoal = Sources:(Gl::Pl, G2::P2, G3::P3)::Params
(AddressedGoall = Sl:GI::Pl,
AddressedGoal2 = S2:G2::P2,
AddressedGoal3 = (S3A:G3A::P3A, Goal3B) ::P3,
% Goal3B may or may not begin with Source:. iclGoalComponents
% deals with the precedence issues.
icl_GoalComponents(Goal3B, _, G3B, P3B),
chunkable sources([Sl, S2, S3A], Sources),
append(P3A, P3, NewP3A),
append(P3B, P3, NewP3B),
compatibleparams([Pl, P2, NewP3A])) ->

AddressedGoal = (Sources:(Gl::Pl, G2::P2, G3A::NewP3A) :: [],
G3B::NewP3B) ::Params

(AddressedGoall = Sl:Gl::PI,
AddressedGoal2 = S2:G2::P2,
chunkable sources(Sl, S2, Sources),
compatibleparams([Pl, P2])) ->
AddressedGoal = (Sources: (GI::Pl, G2::P2) :: [], AddressedGoal3) ::Params
(AddressedGoal2 = S2:G2::P2,
AddressedGoal3 = S3:G3::P3,
chunkable sources(S2, S3, Sources),
compatibleparams([P2, P3])) ->
AddressedGoal = (AddressedGoall, Sources: (G2::P2, G3::P3) :: [])::Params

I (AddressedGoal2 = S2:G2::P2,
AddressedGoal3 = (S3A:G3A::P3A, Goal3B) ::P3,
icl GoalComponents(Goal3B, _, G3B, P3B),
chunkable sources([S2, S3A], Sources),
append(P3A, P3, NewP3A),
append(P3B, P3, NewP3B),
compatibleparams([P2, NewP3A])) ->

AddressedGoal = (AddressedGoall, Sources: (G2::P2, G3A::NewP3A) :: [],
G3B:NewP3B) ::Params

otherwise ->

AddressedGoal =
(AddressedGoall, AddressedGoal2, AddressedGoal3) ::Params

complete_sources(KS, (Goall, Goal2)::Params, GlobalParams, AddressedGoal)

complete sources(KS, Goall, GlobalParams, AddressedGoall),
complete sources(KS, Goal2, GlobalParams, AddressedGoal2),

(AddressedGoall = SI:Gl::Pl,
AddressedGoal2 = S2:G2::P2,
chunkable sources(Sl, S2, Sources),
compatible_params([Pl, P2])) ->
AddressedGoal = Sources:(Gl::Pl, G2::P2)::Params

otherwise ->
AddressedGoal = (AddressedGoall, AddressedGoal2) ::Params

% Note: this clause must precede that for disjunction.
complete_sources(KS, (Goall -> Goal2 ; Goal3) ::Params, GlobalParams,

AddressedGoal)

complete sources(KS, Goall, GlobalParams, AddressedGoall),
complete sources(KS, Goal2, GlobalParams, AddressedGoal2),
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complete sources(KS, Goal3, GlobalParams, AddressedGoal3),
(AddressedGoall = SI:Gl::Pl,
AddressedGoal2 = S2:G2::P2,
AddressedGoal3 = S3:G3::P3,
chunkable sources([Sl, S2, S3), Sources),
compatibleparams([Pl, P2, P3])) ->
AddressedGoal = Sources: (GI::Pl -> G2::P2 I G3::P3) ::Params

otherwise ->
AddressedGoal =

(AddressedGoall -> AddressedGoal2 I AddressedGoal3) ::Params

complete_sources(KS, (Goall -> Goal2)::Params, GlobalParams, AddressedGoal)

complete sources(KS, Goall, GlobalParams, AddressedGoall),
complete sources(KS, Goal2, GlobalParams, AddressedGoal2),

(AddressedGoall = Sl:Gl::Pl,
AddressedGoal2 = S2:G2::P2,
chunkable sources([Sl, S2], Sources),
compatibleparams([Pl, P2])) ->
AddressedGoal = Sources:(Gl::Pl -> G2::P2) ::Params

otherwise ->
AddressedGoal =

(AddressedGoall -> AddressedGoal2) ::Params

complete_sources(KS, (Goall ; Goal2)::Params, GlobalParams, AddressedGoal)

complete sources(KS, Goall, GlobalParams, AddressedGoall),
complete sources(KS, Goal2, GlobalParams, AddressedGoal2),

(AddressedGoall = SI:G1::Pl,
AddressedGoal2 = S2:G2::P2,
chunkable sources(Sl, S2, Sources),
compatibleparams((Pl, P21)) ->
AddressedGoal = Sources:(Gl::Pl; G2::P2) ::Params

otherwise ->
AddressedGoal = (AddressedGoall; AddressedGoal2) ::Params

% To be complete, we will allow for this nonstandard goal form:
complete_sources(KS, Goal::Paramsl::Params2, GlobalParams,

AddressedGoal::Params2)
c ,
complete sources(KS, Goal::Paramsl, GlobalParams, AddressedGoal).

complete_sources(_-KS, Goal::Params, _GlobalParams, built-in:Goal::Params) "

icl BuiltIn(Goal),

% Here, finally, we determine the agents (or parent facilitator) that
% can solve a non-compound Goal:

complete_sources(KS, Goal, GlobalParams, Sources:Goal)
sources_forgoal(KS, Goal, GlobalParams, Sources).

removeemptyparams(Addr:Goal:: [], Addr:NewGoal) -

remove_emptyparams(Goal, NewGoal).
removeemptyparams(Addr:Goal::Params, Addr:NewGoal::Params) -

remove_emptyparams(Goal, NewGoal)
remove_empty_params(Goal::[J, NewGoal)
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remove_emptyparams(Goal, NewGoal).
removeemptyparams(Goal::Params, NewGoal::Params)

remove_emptyparams(Goal, NewGoal).
removeemptyparams(Sources:Goal, Sources:NewGoal)

removeempty_params(Goal, NewGoal).
removeemptyparams((\+ Goal)::[], (\+ NewGoal)) -

remove_emptyparams(Goal, NewGoal).
removeempty_params((Goall, Goal2), (NewGoall, NewGoal2))

remove_emptyparams(Goall, NewGoall),
remove_emptyparams(Goal2, NewGoal2).

removeemptyparams((Goall ; Goal2), (NewGoall ; NewGoal2))

remove_emptyparams(Goall, NewGoall),
remove_emptyparams(Goal2, NewGoal2).

removeemptyparams((Goall -> Goal2), (NewGoall

remove_emptyparams(Goall, NewGoall)
remove_emptyparams(Goal2, NewGoal2).
% Primitive (non-compound) goal:

removeemptyparams(Goal, Goal).

removeaddresses(_Sources:Goal, NewGoal)

-> NewGoal2)) :-

remove addresses(Goal, NewGoal).
remove addresses((Goall, Goal2), (NewGoall, NewGoal2))

r,
remove addresses(Goall, NewGoall),
remove addresses(Goal2, NewGoal2).

remove addresses((Goall ; Goal2), (NewGoall ; NewGoal2))

removeaddresses(Goall, NewGoall),
remove addresses(Goal2, NewGoal2).

remove addresses((Goall -> Goal2), (NewGoall -> NewGoal2))

removeaddresses(Goall, NewGoall),
remove addresses(Goal2, NewGoal2).
% Primitive (non-compound) goal:

remove addresses(Goal, Goal).

chunkable sources(+Sourcesl, +Sources2, -Sources).

Each argument is either: a single KS name (or numeric id); a list of
KS names (where 'facilitator' or 'parent' also count as KS
names), or the atom 'built-in'. (Empty list is OK.)

Sourcesl gives the sources that can solve some goal, Sources2
gives the sources that can solve some other goal, and if this
pred. succeeds, Sources gives a set of sources that can solve
both together.

NOTES ON CHUNKING:
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%1 A chunk is a sub-goal SG of a Goal such that
(1) There is a nonempty set S of client agents each of which can solve

the entire chunk (that is, every predicate in the chunk is either an
icl BuiltIn or one of the agent's solvables), and

(2) Performing the subgoal as (ksl:SQ ; ks2:SQ ; ... ; ksN:SQ), where
ksl ... ksN are all the agents in S, does not in any way violate the
intended semantics of the overall Goal.

NOTE: chunking is done "conservatively", so as to preserve Prolog
semantics. So, for example, the following Goal:

(a(1) , b(2)),
where a and b are both solvable by ksl and ks2, will be chunked as
follows:

chunk(a(l), (ksl, ks2]), chunk(b(2), [ksl, ks2])
which amounts to no chunking at all, instead of

chunk((a(l), b(2)), [ksl, ks2]).

The former results in execution
(ksl:a(l) ; ks2:a2), (ksl:b(2) ; ks2:b(2))

whereas the latter would result in execution
ksl:(a(1), b(2)) ; ks2:(a(1), b(2))

We might want to explore under what conditions more extensive chunking
can be done.

% This just allows for single sources, not in a list:
chunkable sources(Sourcel, Source2, Sources)

atomic(Sourcel) ->

Sl = (Sourcel]
otherwise ->
S1 = Sourcel

atomic(Source2) ->

S2 = [Source2]

otherwise ->
S2 = Source2

chunkable srcs(Sl, S2, Sources).

chunkable srcs(built in, Sources, Sources)
% at least one element:
Sources = [ I _

chunkable srcs(Sources, built-in, Sources)
Sources = [ I _]

chunkable srcs([], [], [])

chunkablesrcs([Source], (Source], [Source)

chunkable srcs((Sourcel] , [Source2], [Sourcel]) :-
number(Sourcel), atom(Source2)
number(Source2), atom(Sourcel) ),

find address(Sourcel, Source),
find address(Source2, Source).
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% chunkable sources(+SourcesIn, -SourcesOut).
% Does the same as chunkablesources/3, but allows for a list
% of sources (length >= 1) as arg 1.

chunkable sources([Sources), Sources).
chunkablesources([Sourcesl, Sources2 I RestSources], SourcesOut)

chunkable sources(Sourcesl, Sources2, SourcesTemp),
chunkablesources([SourcesTemp I RestSources], SourcesOut).

% compatibleparams(+ParamLists).
% ParamLists is a list of 2 or more ParamLists. This predicate
% succeeds IFF the ParamLists are compatible for purposes of
% chunking.

compatibleparams(_).

% sourcesforgoal(+RequestingKS, +Goal, +Params, -Sources).
% @@ Here, depending on how the treatment of multiple facilitators evolves,
% we may need to revisit the default use of the facilitator.

sources forgoal(RequestingKS, ICLGoal, GlobalParams, Sources)
iclGoalComponents(ICLGoal, _, Goal, Params),
append(Params, GlobalParams, AllParams),
findall(SomeKS,

choose ks for goal(RequestingKS,Goal,_,AllParams,SomeKS,_),
KSList),

KSList = [I ->
% @@Determine if there's a parent facilitator that can handle
% the goal. This needs work; probably should have a local record
W of what the parent can handle.
find level(AllParams, Level, _NewParams),

(onexception(_, com:comGetInfo(parent, facid(ParentBB)), fail), Level
> 0) ->

Sources = [ParentBB]
otherwise ->

Sources = []

otherwise ->

Sources = KSList

% If Sources is bound, VERIFIES that all the Sources can be used
% on the ICLGoal. If var(Sources), finds all the Sources that can
% be used.

% sourcesforcompound-goal(RKS, ICLGoal, GlobalParams, Sources)

complete_concurrency(+Goal, -ConcurrentGoal).

TBD.

complete_concurrency(Goal, Goal).
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% GOAL EXECUTION: TOP LEVEL

executegoal(+RequestingKS, +OrigGoal, +OrigParams, +CompleteGoal).

OrigGoal are OrigParams are exactly as submitted by some client agent
(RequestingKS). CompleteGoal is the rewriting of OrigGoal that
ensures complete addressing. OrigGoal and ICLGoal contain precisely
the same var's.

See global comments near the top of this file.

Note: the meaning of variable "Goal" and other variables ending in
"Goal" varies with context. In some places they indicate an ICL
goal Source:Goal::Params (where Source and Params are both optional);
in other places, they indicate just the Goal part of an ICL goal.

executegoal(RKS, OrigGoal, OrigParams, ICLGoal)
% Here, ICLGoal may or may not include a Sources component. Either
% way, it gets handled by execute/7.
% @@ What if OrigGoal's Params or GlobalParams has vars?
% We remove addresses before calling term vars only so as to avoid
% a syntax error exception that comes up when ICLGoal = Addr:\+Goal
remove addresses(ICLGoal, TempGoal),
termvars(TempGoal, AllVars, _Singletons, _NonSingletons),
new goal id(Id),
% This means simply, "When the Solvers and solutions (in the form of
% Bindings for AllVars) are known for Goal, call
% unifyandreturnsolutions(...)."
assert(continuation(Id, Requestees, Solvers, Bindings,

unifyand returnsolutions(Id,RKS,OrigGoal,OrigParams,AllVars,
Requestees,Solvers,Bindings))),

% This means: Find the Solvers and solutions:
execute(Id, RKS, [], ], ICLGoal, OrigParams, AllVars).

* execute(Id, RKS, Requestees, Solvers, Goal, InheritedParams, Vars).

execute/7 satisfies the ICL goal Goal. Id is an integer that
identifies a continuation assertion. When the satisfaction of Goal
has been completed, the continuation assertion tells what to do next.
The satisfaction of Goal may be very simple, or may involve a number
of steps, depending on the form of Goal.

Requestees is a list of source id's of all sources asked to
participate in the satisfaction of whatever request contained Goal,
and Solvers is a list of source id's of sources that succeeded in
satisfying some part of the request (so Solvers is a subset of
Requestees. These lists are being accumulated for return to the agent
that submitted the request.

Conceptually, execute/7 does this:
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findall(Vars, Goal, Bindings),
append(Requestees, <list of KSs called on in the findall>, NewRequestees),
append(Solvers, <list of KSs providing solutions in the findall>,

NewSolvers),
continueexecution(Id, RKS, NewRequestees, NewSolvers, Bindings)

The behavior of continue execution, then, depends on a continuation/5
assertion, with Id as the first arg.

The important details have to do with how the satisfaction of the
"findall" part of this strategy may be delayed.

\ */

execute(Id, RKS, Requestees, Solvers, built in:ICLGoal, InheritedParams, Vars)

% This handles ICL built-ins, such as <, >, =, member/2, true, false,

iclGoalComponents(ICLGoal, _, Goal, Params),
append(Params, InheritedParams, AllParams),
oaa Name(Facilitator),
add element(Facilitator, Requestees, NewRequestees),
% If the requestor wants to know the solver, bind it here:
memberchk(get-address(Facilitator), Params) -> true I true),

oaa:passes_tests(Params) ->

% @@The use of solution limit and elsewhere here needs a close look:
memberchk(solutionlimit(N), AllParams) ->
oaa:findNSolutions(N, Vars, call(Goal), Bindings)

otherwise ->
findall(Vars, call(Goal), Bindings)

otherwise ->
Bindings = []

Bindings == [ ->
NewSolvers = Solvers

otherwise ->
add element(Facilitator, Solvers, NewSolvers)

memberchk(reply(none), AllParams) ->
continue execution(Id, RKS, NewRequestees, NewSolvers, [Vars])

otherwise ->
continue execution(Id, RKS, NewRequestees, NewSolvers, Bindings)

% Empty list of sources:
execute(Id, RKS, Requestees, Solvers, [] :ICLGoal, _InheritedParams, _Vars)

format('WARNING: No solvers for ICL goal or subgoal:-n -q-n',
ICLGoal),

continue execution(Id, RKS, Requestees, Solvers, (]).

% Single KS in a list:
execute(Id, RKS, Requestees, Solvers, (KS]:G, Params, Vars)
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execute(Id, RKS, Requestees, Solvers, KS:G, Params, Vars).

% Multiple KSs in a list:
execute(Id, RKS, Requestees, Solvers, [KS I Rest] :G, Params, Vars)

execute for each ks(Id, RKS, Requestees, Solvers, G, Params,
Vars, [KS I Rest]).

% Solver is facilitator (me):
execute(Id, RKS, Requestees, Solvers, Source:ICLGoal, InheritedParams, Vars)

oaa Name (Facilitator),
(Source = facilitator ; Source = Facilitator),

icl _GoalComponents(ICLGoal, _, Goal, Params),
% If the requestor wants to know the solver, bind it here:
memberchk(get address(Facilitator), Params) -> true true),

append(Params, InheritedParams, AllParams),
findall (Vars,

oaa:oaa solve local(Goal, InheritedParams),
Bindings),

memberchk(reply(none), AllParams) ->

true
otherwise ->

oaa Name (KSName),
addelement(KSName, Requestees, NewRequestees),
Bindings == [] ->

NewSolvers = Solvers

otherwise ->
add element(KSName, Solvers, NewSolvers)

continueexecution(Id, RKS, NewRequestees, NewSolvers, Bindings)

% Note: this code was inherited from pre-compound-query facilitator.
% One significant change: when a goal is sent to a parent, we used to
% automatically include local blackboard solutions also. We don't
% do this anymore.

% @@ Strategy should be re-evaluated at some point. For instance,
% the use of var P2 might now cause things to break (the requesting
% agent might try to unify its copy of Params with P2).

execute(Id, RKS, Requestees, Solvers, Sources:ICLGoal, InheritedParams, Vars)
cn_exception(_, com:comGetInfo(parent, facid(ParentBB)), fail),
(Sources == parent ; Sources == ParentBB),
I,

iclGoalComponents(ICLGoal, , Goal, Params),
% If the requestor wants to know the solver, bind it here:
% NO - it gets bound by the parent facilitator.
% ( memberchk(getaddress(ParentBB), Params) -> true I true),

append(Params, InheritedParams, AllParams),
% We don't need to check the level here (that's already been done),
% but we do need to decrement its value by 1:
find level (AllParams, -Level, NewParams),
oaaTraceMsg('-nRouting goal "solve(-p)" to parent -p.-n',
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[ICLGoal, ParentBB]),
new goal id(NewId),
oaaPostEvent(evpost_solve from bb(NewId, ICLGoal, NewParams),

[address (ParentBB) J),
memberchk(reply(none), NewParams) ->

unify_and_continueexecution(Id, RKS, ICLGoal, Vars,
ParentBB, Requestees, Solvers, [ICLGoal])

otherwise ->
% @@Shouldn't there be a time-check here?
oaa:oaaaddtriggerlocal(

comm,
event(ev replysolvedbybb(NewId, _KS, ICLGoal, _P2,

Solutions),

ev-unifyandcontinue execution(Id, RKS, ICLGoal, Vars,
ParentBB, Requestees, Solvers, Solutions),

[recurrence (when), on (receive)])

% Send the goal to an agent:
execute(Id, RKS, Requestees, Solvers, KS:ICLGoal, InheritedParams, Vars)

I ,

iclGoalComponents(ICLGoal, _, Goal, Params),
append(Params, InheritedParams, AllParams),
% @@What if the KS' status has changed since it was specified?
% find address allows for KS to be either numeric or symbolic.
find address(KS, KSId),
% If the requestor wants to know the solver, bind it here:
memberchk(get address(KSId), Params) -> true I true),

% Could do another check of the agent's validity:
% ksready(KSId, _),

relevant vars(Vars, Goal, GVars),
OptimizedG = findall(GVars, Goal, All),

% Output trace message:
oaa:oaa trace(on) ->
copyterm(ICLGoal, TraceCopy),

numbervars(TraceCopy, 0, _),
copyterm(InheritedParams, ParamsCopy),

numbervars(ParamsCopy, 0, _),
oaa_TraceMsg(

'% Routing goal to -w:-n% -w -w-n-n',
(KS, TraceCopy, ParamsCopy])

otherwise ->

true

newgoal id(NewId),
oaaPostEvent(KS, RKS, solve(NewId, OptimizedG::Params, [])),

oaaPostEvent(evsolve(NewId, ICLGoal, InheritedParams),
[from(RKS), address(KSId)]),

memberchk(reply(none), AllParams) ->
unifyand_continueexecution(Id, RKS, ICLGoal, Vars,

KSId, Requestees, Solvers, [ICLGoal])
% If time limit specified in parameters, setup
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% time-trigger to wakeup if solutions hasn't been returned
% in specified time.

otherwise ->
memberchk(time limit(NSecs), AllParams) ->

add time check(NSecs, NewId, RKS, Goal,AllParams)
[ true),
oaa:oaa add-triggerlocal(

comm,
event(evsolved(NewId, _KS, ICLGoal, _P2, Solutions), _),
evunifyand continueexecution(Id, RKS, ICLGoal, Vars,

KSId, Requestees, Solvers, Solutions),
[recurrence (when), on (receive)])

poll untilallevents([solved(Id, _KS, OptimizedG, P2, Solutions)]),
Solutions = [findall(GVars, Goal, All)],

96 respond query(Id, RKS, Solvers, KS, Goal, P2, Solutions)
% Backtrack over solutions:
member(GVars, All).

% Negation:
execute(Id, RKS, Requestees, Solvers, ICLGoal, InheritedParams, Vars)

icl_GoalComponents(ICLGoal, _, (\+ Gl), Params),

append(Params, InheritedParams, NewIParams),
newgoal id(NewId),
assert(

continuation(NewId, NewRequestees, NewSolvers, Bindings,
continuenegation(Id, RKS, NewRequestees, NewSolvers, NewIParams,

Vars, Bindings))),
execute(NewId, RKS, Requestees, Solvers, GI, NewIParams, Vars).

% Conjunction:
execute(Id, RKS, Requestees, Solvers, ICLGoal, InheritedParams, Vars)

iclGoalComponents(ICLGoal, _, (GI, G2), Params),

append(Params, InheritedParams, NewIParams),
newgoalid(NewId),
assert(

continuation(NewId, NewRequestees, NewSolvers, Bindings,
continueconjunction(Id, RKS, NewRequestees, NewSolvers, G2,

NewIParams,
Vars, Bindings))),

execute(NewId, RKS, Requestees, Solvers, G1, NewIParams, Vars).

% Local cut with alternative. Note: this clause must precede
% that for disjunction.

execute(Id, RKS, Requestees, Solvers, ICLGoal, InheritedParams, Vars)
iclGoalComponents(ICLGoal, _, (GI -> G2 I G3), Params),

append(Params, InheritedParams, NewIParams),
new goal id(NewId),
assert(

continuation(NewId, NewRequestees, NewSolvers, Bindings,
continue local cut(Id, RKS, NewRequestees, NewSolvers, G2, G3,

NewIParams,
Vars, Bindings))),

execute(NewId, RKS, Requestees, Solvers, G1, NewIParams, Vars).
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% Local cut:
execute(Id, RKS, Requestees, Solvers, ICLGoal, InheritedParams, Vars)

iclGoalComponents(ICLGoal, _, (GI -> G2), Params),

append(Params, InheritedParams, NewIParams),
new goal-id(NewId),
assert(

continuation(NewId, NewRequestees, NewSolvers, Bindings,
continue local cut(Id, RKS, NewRequestees, NewSolvers, G2, false,

NewIParams,
Vars, Bindings))),

execute(NewId, RKS, Requestees, Solvers, Gl, NewIParams, Vars).

% Disjunction:
execute(Id, RKS, Requestees, Solvers, ICLGoal, InheritedParams, Vars)

iclGoalComponents(ICLGoal, _, (Gl; G2), Params),

append(Params, InheritedParams, NewIParams),
newgoal id (Idl),
newgoal id (Id2),
assert(

multiplecontinuation([Idl, Id2], Requestees, AllRequestees,
Solvers, AllSolvers,
[], AllBindings,

continue execution(Id, RKS, AllRequestees, AllSolvers, AllBindings))),
execute(Idl, RKS, Requestees, Solvers, G1, NewIParams, Vars),
execute(Id2, RKS, Requestees, Solvers, G2, NewIParams, Vars).

% Occasionally, a goal may have the form G::P (that is, no
% address, and P is not compound), but it is still valid, so
% long as G is valid.

%Ex.: ([7] :a1(1) ::[ [...1) ::[ [...]I

execute(Id, RKS, Requestees, Solvers, Goal::Params, InheritedParams, Vars)

append(Params, InheritedParams, NewIParams),
execute(Id, RKS, Requestees, Solvers, Goal, NewIParams, Vars).

execute(Id, RKS, Requestees, Solvers, G, _Params, _Vars) .-
format('WARNING (execute/7) : unrecognized goal form:-n -w-n', [G]),
continue execution(Id, RKS, Requestees, Solvers, []).

execute for each ks(Id, RKS, Requestees, Solvers, Goal, Params, Vars, KSs)
length(KSs, NumKSs),
newgoal ids(NumKSs, Ids),
assert(

multiple_continuation(Ids, Requestees, AllRequestees, Solvers,
AllSolvers, [], AllBindings,

continueexecution(Id, RKS, AllRequestees, AllSolvers, AllBindings))),
exec for each ks(NumKSs, Ids, KSs, RKS, Requestees, Solvers, Goal,

Params, Vars).

% GOAL EXECUTION: INTERMEDIATE STEPS
% The predicates in this group define intermediate steps in the satisfaction
% of various ICL goal forms.
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% Note: intermediate steps in handling of DISJUNCTION are handled by
% continueexecution, using the multiple-continuation assertion.

% This is used in satisfying [KS1, KS2, .. .:Goal. Note that this is
% equivalent to a disjunction (KSl:Goal ; KS2:Goal ; .... ). So we
% are able to use the multiplecontinuation assertion to accumulate
% the solutions.

% We don't need Solvers, because ...

execforeachks(NumKSs, Ids, KSs, RKS, _Requestees, _Solvers,
Goal, Params, Vars)

retractall( ks num(_) ),
assert( ksnum(l) ),
repeat,
ksnum(Num),
Num > NumKSs ->

otherwise ->

nthl(Num, KSs, KS),
nthl(Num, Ids, Id),
% We use a local cut to prevent some (harmless) backtracking.
% This is one place where we don't need to pass Requestees and
% Solvers through to execute (3rd and 4th args), because they are
% filled in by handlemultiplecontinuation.

( execute(Id, RKS, [], [1, KS:Goal, Params, Vars) -> true
NextNum is Num + 1,
retractall( ksnum(_) ),
assert( ksnum(NextNum) ),
fail

% This is used in satisfying (\+ Goal). When this
% pred. is called, Goal has just been completed. Bindings gives
% the solutions to Goal.

continue negation(Id, RKS, Requestees, Solvers, _Params, Vars, [])
I ,
continue execution(Id, RKS, Requestees, Solvers, (Vars)).

continue negation(Id, RKS, Requestees, Solvers, _Params, _Vars, _Bindings)
continueexecution(Id, RKS, Requestees, Solvers, (1).

% This is used in satisfying (Goall, Goal2). When this
% pred. is called, Goall has just been completed. Bindings gives
% the solutions to Goall.

continue conjunction(Id, RKS, Requestees, Solvers, _Goal2, _Params, _Vars, [)

continue execution(Id, RKS, Requestees, Solvers, [])
continue conjunction(Id, RKS, Requestees, Solvers, Goal2, Params, Vars,
Bindings) .-

length(Bindings, NumBindings),
new goal ids(NumBindings, Ids),
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assert(
multiplecontinuation(Ids, Requestees, AllRequestees, Solvers,

AllSolvers, [1, AllBindings,
continue execution(Id, RKS, AllRequestees, AllSolvers, AllBindings))),

execforeachbinding(NumBindings, Ids, Bindings, RKS, Requestees, Solvers,
Goal2,

Params, Vars).

% We don't need Requestees or Solvers, because they are filled in
% by handlemultiplecontinuation.

execforeach binding(NumBindings, Ids, Bindings, RKS, _Requestees, _Solvers,
Goal, Params, Vars)

retractall( bindingnum(_) ),
assert( binding num(l) ),
repeat,
bindingnum (Num),
Num > NumBindings ->

otherwise ->

nthl(Num, Bindings, Binding),
nthl(Num, Ids, Id),
Vars = Binding,
% We use a local cut to prevent some (harmless) backtracking.
% This is one place where we don't need to pass Solvers through
% to execute (3rd arg):
( execute(Id, RKS, [], [], Goal, Params, Binding) -> true ),
NextNum is Num + 1,
retractall( bindingnum(_) ),
assert( binding_num(NextNum) ),
fail

% This is used in satisfying Goall -> Goal2 I Goal3. When this
% pred. is called, Goall has just been completed. Bindings gives
% the solutions to Goall.

% No solutions to Goall:
continuelocalcut(Id, RKS, Requestees, Solvers, _Goal2, Goal3, Params,

Vars, [])

Goal3 = false ->
continueexecution(Id, RKS, Requestees, Solvers, [)

otherwise ->
execute(Id, RKS, Requestees, Solvers, Goal3, Params, Vars)

% Some solutions:
continuelocalcut(Id, RKS, Requestees, Solvers, Goal2, _Goal3, Params,

Vars, [Bindingl I _)
newgoal id(NewId),
assert(

continuation(NewId, NewRequestees, NewSolvers, Bindings,
continueexecution(Id, RKS, NewRequestees, NewSolvers, Bindings))),

Vars = Bindingl,
% local cut to prevent some (harmless) backtracking:
execute(NewId, RKS, Requestees, Solvers, Goal2, Params, Bindingl) -> true
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% GOAL EXECUTION: COMPLETION

% This is called when the goal associated with Id has been completely
% satisfied.

continue execution(Id, _RKS, Requestees, Solvers, Bindings)
% Here we are BINDING the Solvers and Bindings var's. in the
% continuation assertion. The var. also appears in Continuation:
retract(continuation(Id, Requestees, Solvers, Bindings, Continuation)) ->

call(Continuation)
multiple_continuation(Ids, ,

memberchk(Id, Ids) ->
handlemultiplecontinuation(Id, Requestees, Solvers, Bindings, Ids)
otherwise ->
format('Internal Error: no continuation with id -w-n', [Id])

handle multiple_continuation(Id, Requestees, Solvers, Bindings, Ids)
retract(multiple continuation(Ids, PrevRequestees,

AllRequestees, PrevSolvers, AllSolvers,
PrevBindings, AllBindings,
Continuation)),

del element(Id, Ids, NewIds),
append(PrevBindings, Bindings, NewBindings),
append(PrevRequestees, Requestees, NewRequestees),
append(PrevSolvers, Solvers, NewSolvers),

NewIds = [] ->
AllBindings = NewBindings,
AllRequestees = NewRequestees,
AllSolvers = NewSolvers,

call(Continuation)
otherwise ->
assert(multiple continuation(NewIds, NewRequestees, AllRequestees,

NewSolvers, AllSolvers,
NewBindings, AllBindings,
Continuation))

% @@Let's see, if these args included the vars for any
% nested solvers params, we could probably instantiate solvers
% params in Goal...

unify_andcontinue execution(Id, RKS, Goal, Vars, Requestee, Requestees,
Solvers, Solutions) :-

addelement(Requestee, Requestees, NewRequestees),
Solutions == [H ->
NewSolvers = Solvers

otherwise ->
add element(Requestee, Solvers, NewSolvers)

findall (Vars,
member(Goal, Solutions),
Bindings),

continue execution(Id, RKS, NewRequestees, NewSolvers, Bindings).
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% GENERAL UTILITIES

term vars(Term, AllVars, SingletonVars, NonSingletonVars)
with outputtochars(portrayclause(Term), Chars),
with input_fromchars(

readterm([variablenames(Names), singletons(Singletons)],
Terml),

Chars),
extract vars(Names, Singletons, AllVars, SingletonVars, NonSingletonVars),
Term = Terml.

extractvars(UJ, _Singletons, [, [], []).
extractvars([Name = Var I RestNames], Singletons, [Var I RestVars],

[Var I RestSV], NonSingletonVars)
memberchk(Name = Var, Singletons),

extract vars(RestNames, Singletons, RestVars, RestSV, NonSingletonVars).
extractvars([_Name = Var I RestNames], Singletons, [Var I RestVars],

RestSV, [Var I NonSingletonvars]) "-
extract vars(RestNames, Singletons, RestVars, RestSV, NonSingletonVars).

% DEBUGGING UTILITIES

% static test
% Class = root,
% KSName = dontcare,
% BBName = dontcare,
% oaaread setupfile,
% oaainitflags,
% assert(oaaclass(Class)),
% oaaSetupCommunication(Class, KSName, BBName, LI),
% onexception(_, oaa_AppInit, true),
% oaaReady(true).

% connect
% go(leaf, shell, root).

% static-test.

% ce
% repeat,
% oaa GetEvent(CallingKS, Event, 0),
% Event = timeout ->

% format('No events-n', [])
otherwise ->

oaa process event(CallingKS, Event),
fail

% ce
% format('No events-n', []).
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% OrigGoal must be used in the return event, so that the
% requesting KS will identify it correctly.

unifyand-return-solutions(IdRKSOrigGoalOrigParamsVarsRequesteesSolversBi
ndings) :-

findall(OrigGoal,
member(Vars, Bindings),
Solutions)

oaaTraceMsg('-nRouting answers back to -p:-n -p-n',
(RKS,Solutions]),

cancel time check(Id),
removedups(Requestees, RequesteesSet),
remove_dups(Solvers, SolversSet),
% If present, bind solvers request in OrigParams:
memberchk(get address(RequesteesSet), OrigParams) -> true true ),
memberchk(get satisfiers(SolversSet), OrigParams) -> true true ),

oaaPostEvent(ev_replysolved(RequesteesSet, SolversSet, OrigGoal,
OrigParams, Solutions),

[address (RKS)]).
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APPENDIX A.II U

Source code file named fac.pl.
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% File fac.pl
% Primary Authors Adam Cheyer, David Martin
% Purpose Provides communications and coordination of the activities
% of a dynamic collection of client agents.
% Updated : 12/98

% Unpublished-rights reserved under the copyright laws of the United States.

% Unpublished Copyright (c) 1998, SRI International.
% "Open Agent Architecture" and "OAA" are Trademarks of SRI International.

% fac.pl : the facilitator agent Adam Cheyer
% David Martin

% Provides communications and coordination of the activities of a
% dynamic collection of client agents.

% The blackboard can respond to the following external requests:

evpost_event(AgentID, Cmd) : sends event to the agent
evpost_event(Cmd) : sends event to all
evpost_declare(Mode, Solvables, Params)

: adds, removes or replaces solvables ON
: the facilitator

evpost-update(Mode, Clause, Params)
adds, removes, or replaces data
on appropriate agents

evposttrigger update(Mode,TriggerType,Condition,Action, Params)
adds or removes a trigger
on appropriate agents

evpost_solve(Goal, Params): finds agent(s) to solve Goal
connected(Connection) : records that a client agent has connected

ev connect(AgentInfo)
: additional information from a client
agent (having version > 3.0)

end of file(Connection) : records that a client has closed its
connection

ev-register_solvables : records the goals that an agent can solve.

% A facilitator uses the following events internally as trigger actions:

% ev respondquery(Id,ToKS,ByKS,G,OrigParams,Params,S)
% :Sends the result of a query back to KS

use module(library(lists)).
use module(library(basics)).
use module(library(strings)).
use module(library(charsio)).

DISH, Exh. 1008, p. 167

Petitioner Microsoft Corporation - Ex. 1008, p. 1328



use module(library(sets)).
- use module(library(samsort)). % for samsort(Ordered,Raw,Sort)
- use module(library(tcp), [tcpnow/l, tcptimeplus/3,

tcpschedulewakeup/2, tcpcancelwakeup/2]).

% The file containing the com module is normally specified here. For
% more info, see comments near the top of oaa.pl.

usemodule(comtcp, all).
use module(oaa, all).

% Whether or not to load translations and compound query code
% is determined right here:

- (compound].
[translations].

multifile oaaAppDoEvent/2.

- dynamic timelimittrigger/5. % timelimit trigger(Id,When, KS,Goal,Params)
dynamic goalcount/10. % goal_count(GoalId,Goal,Params,EvParams,

% ToBeCalled,Called,Responders,Solvers,
% Answers,NumAnswers)

dynamic update_count/4. % updatecount(GoalId,NumAgentsRequested,
% KSs, Updaters)

initial solvables([
solvable(agent_data(_Id, _Status, _Solvables, _Name), [type(data)J,

[write (true)]),

% Locations of all facilitators (currently maintained only by the 'root'
% facilitator:

solvable(agent_location(_Id2, _Name2, _Host2, _Port2), [type(data)],
[write(true)]),

% Host (if known) of each client agent:
solvable(agent_host(_Id3, _Name3, _Host3), [type(data)], [write(true)]),
agentversion(_Idl, _Languagel, _Versionl),
can-solve( Goal4, _IdList4),

% For backwards compatibility. In translations.pl, some events
% (writebb, etc.) specify updates to this solvable. Also, old-style
% data triggers refer to it:

solvable(data(_Item, _Data), [type(data)], [write(true)])
]).

/* Agent specific declarations */

oaa_AppInit :-
oaaSetTimeout(O).

/* This is the event generated by the TCP library. Will be followed

immediately by ev connect/4, which is constructed by the client agent */
oaa_AppDoEvent(connected(Connection), )

format('-nKnowledge source connected: -p-n-n', [Connection]),
Id = Connection,
oaa:oaa adddata_local(agentdata(Id, open, [], Id), [1),
%% Maintain information of currently connected data.
addconnected(Id, Connection).
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/* For now, the ID of a client agent is the same as its connection (socket).
This could change in the future, so we store Id and Connection
as two separate entities. */

oaa_AppDoEvent(evconnect(AgentInfoList), Params)
memberchk( connectionid(Id), Params),

oaaName (MyName),
oaaId(MyId),
MyLanguage = prolog,
oaa_LibraryVersion(MyVersion),

update connected(Id, AgentInfoList),

% preferred TCP transfer mechanism
MyFormat = quintus binary,

% Inform the client of his Id, and info about me.
com SendData(Id,
event(evconnected([oaaid(Id), fac_id(MyId), facname(MyName),

faclang(MyLanguage), facversion(MyVersion),
format(MyFormat)]),

/* Removes meta-data for KS when the KS deconnects */
oaaAppDoEvent(end of file(Connection), _)

Id = Connection,
remove connected(Id),
oaa:oaaremovedatalocal(agent_data(Id, _Status, _Solvable, AgentName),

format(-'nKnowledge source disconnected: -p (-p)-n-n', [Id,AgentNamel),
% remove all facts written by the agent

% TBD: Is this getting all relevant triggers (see commented code below)?
oaa:oaaremovedata_owned by(Id),

% Do we really want to do this? I think clients who are interested could
% register a trigger on the agentdata predicate.
% Rather, I think we should check to see if any agents are currently waiting
% for this agent to solve some goal -- if the agent disconnects, we can assume
% that it won't be solving the goal anytime soon, and we should send back
% failure to the requesting agent. See OAA 1.0 Facilitator, end of file()
% method. [AJC, 11/24/97]

post to allclients(evagentdisconnected(Id)).

% fail.
% TBD: This needs update to look at the persistence param.
% oaaAppDoEvent(end of file(KS), _)

% remove all triggers for KS
on-exception(_, trigger(KS, Type, Kind, OpMask, Template, Cond, Action),

fail),
% retract(trigger(KS, Type, Kind, OpMask, Template, Cond, Action)),
% fail.
% oaaAppDoEvent(end of file(_KS), _) :-

oaaAppDoEvent(evready(Name), Params)
memberchk(from(Id), Params),

% TBD: Let's have an error message if this fails:
oaa:oaaremovedatalocal(agentdata(Id, _OldStatus, Solvables, _Name),

Params),
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oaa:oaaadddatalocal(agentdata(Id, ready, Solvables, Name), Params).

/* Stores the goals that a KS knows how to solve */
% Is this obsolete?
oaa_AppDoEvent(ev register_solvables(Goals), Params)

memberchk(from(KS), Params),
oaaAppDoEvent(ev register_solvables(add,Goals,KS, []), Params), I.

% IMPORTANT: We assume the Solvables are in standard form and can
% legally be added/removed/replaced for this agent. Also, we take
% care to keep the facilitator's copy of each client's solvables
% identical to that stored at the client. (Compare to code in
% liboaa.pl, pred. oaadeclarelocal).

oaaAppDoEvent(ev register_solvables(Mode,Solvs,AgentName,EvParams), Params)
memberchk(from(KS), Params),

oaa Name(KSName),
(oaa:oaaremovedatalocal(agentdata(KS, Status, List, _AgentName),

Params)

format('STRANGE! registersolvables called by unknown KS!!!: -p-n',
[KS]),

Status = ready,
List = []

icl ConvertSolvables(PrettySolvs, Solvs),
Mode == add, memberchk(ifexists(overwrite), EvParams) ->

NewList = Solvs,
format('-p (-p) can solve: -n -p-n-n', (KS, AgentName,

PrettySolvs])
Mode == add ->

append(List, Solvs, NewList),
format('-p (-p) has added solvables: -n -p-n-n',

[KS, AgentName, PrettySolvs])
Mode == remove ->

subtract(List, Solvs, NewList),
format('-p (-p) has removed solvables: -n -p-n-n',

[KS, AgentName, PrettySolvs])
Mode == replace ->

memberchk(with(NewSolvable), EvParams),
Solvs = [Solvable],
oaa:replaceelement(Solvable, List, NewSolvable, NewList),
format('-p (-p) has replaced solvable:-n -p-nwith solvable:-n

-p-n-n',
[KS, AgentName, Solvable, NewSolvable])

oaa:oaaadddata_local(agentdata(KS, Status, NewList, AgentName),
Params),

% if a parent exists (not root), pass goals upward.
(com:comGetInfo(parent, connection(_C)) ->

oaaPostEvent( evregistersolvables(Mode,Solvs,EvParams,KSName),
[address(parent)])

true),
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/* A client has requested that I declare certain solvables.
TBD: This is still sketchy; should include some validation of the
request, and should ensure the perms and params are right. */

oaa_AppDoEvent(evpostdeclare(Mode, Solvables, Params), EvParams)
memberchk(from(RequestingKS), EvParams),
oaa:oaa declare local(Mode, Solvables, Params, NewSolvables),
icl ConvertSolvables(PrettySolvs, NewSolvables),
oaaId (MyId),
oaaName (MyName),
format('-p (-p) has added solvables: -n -p-n-n',

[MyId, MyName, PrettySolvs]),
oaaPostEvent(

ev reply_declared(Mode, Solvables,Params, NewSolvables),
[address(RequestingKS)]).

% A client requests a data solvable update operation (add, remove, replace)
% on the .appropriate agents.
oaa_AppDoEvent(ev postupdate(Mode, Clause, Params), EvParams)

Clause = (Head :- _Body) ->

true
otherwise ->

Head = Clause

memberchk(from(RequestingKS), EvParams),
% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
chooseagents_for_data(RequestingKS,Head,AddrKS,write,false,KSList),
dispatchupdaterequest(RequestingKS, Mode, Clause, Params, KSList).

% A client requests a trigger update operation (Mode = add, remove, replace)
% on the appropriate agents. For triggers of type comm' and time', the
% address parameter must be present (otherwise, the request should not
% have come to the facilitator). For the other types, the address is
% optional.

oaa AppDoEvent(evposttriggerupdate(Mode, data, Condition,
Action, Params), EvParams)

memberchk(from(RequestingKS), EvParams),
% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
chooseagents_for_data(RequestingKS,Condition,AddrKS,call,false,KSList),
append(Params, EvParams, AllParams),
dispatchtrigger request(RequestingKS, Mode, data, Condition, Action,

AllParams, KSList).
oaaAppDoEvent(evposttriggerupdate(Mode, task, Condition,

Action, Params), EvParams) -

memberchk(from(RequestingKS), EvParams),
% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
chooseagents_for_goal(RequestingKS,Condition,AddrKS,Params,false,KSList),
append(Params, EvParams, AllParams),
dispatchtriggerrequest(RequestingKS, Mode, task, Condition, Action,

AllParams, KSList).

oaaAppDoEvent(ev_posttriggerupdate(Mode, Type, Condition,
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Action, Params), EvParams) -

memberchk(from(RequestingKS), EvParams),
check address(Params, KSList),
is list(KSList),
append(Params, EvParams, AllParams),
dispatch triggerrequest(RequestingKS, Mode, Type, Condition, Action,

AllParams, KSList).

% TBD: New for compound goals:

% If satisfaction of a compound goal is requested, and the compound query
% interpreter is not included, signal error condition:
oaa_AppDoEvent(ev_postsolve(Goal, Params), EvParams)

\+ current_predicate(completegoal, completegoal( , , , )),
\+ iclBasicGoal(Goal),

format('ERROR: This facilitator does not support compound goals-n', []),
format(' Returning 0 solutions for goal:-n -w-n', [Goal]),
oaaId(Facilitator),
memberchk(from(RequestingKS), EvParams),
oaaPostEvent(

ev replysolved([Facilitator], [],Goal,Params, []),
[address(RequestingKS)]).

% If compound goal capabilities are included, ALL ev_post_solve events are
% handled here. Otherwise, they fall through to later clauses.
oaa_AppDoEvent(evpostsolve(Goal, Params), EvParams) :-

currentpredicate(complete_goal, complete_goal(_, , , )),

memberchk(from(RequestingKS), EvParams),
completegoal(RequestingKS, Goal, Params, CompletedGoal),
executegoal(RequestingKS, Goal, Params, CompletedGoal).

/* Finds all KSs for a goal, asks them to solve it, then returns */
/* the answers to the calling KS
oaa AppDoEvent(ev_postsolve(Goal, Params), EvParams)

memberchk(from(RequestingKS), EvParams),
% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
chooseagentsforgoal(RequestingKS,Goal,AddrKS,Params,true,KSList),

% if none of my agents know how to solve goal, send to parent
(KSList = [ ->

find level(Params, Level, NewParams),
((com:comGetInfo(parent, facname(ParentName)),
Level > 0) ->

oaaTraceMsg('-nRouting goal "evsolve(-p)" to parent -p.-n',
[Goal, ParentName]),

newgoal id(Id),
oaaPostEvent( evpostsolve frombb(Id, Goal, NewParams),

(address(parent)]),
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% if answers requested,
% send parent's answers directly back to requestingKS
% as well as blackboard solutions
(memberchk(reply(none), NewParams) -> true
% No longer valid:
% send blackboard solutions(RequestingKS, Goal, Params),
oaa:oaaaddtrigger local(

comm,
event(evreply_solved_by_bb(Id,SomeKS,Goal,Params2,Solutions),

ev respondquery(Id,RequestingKS,SomeKS,Goal,Params,Params2,
Solutions),

[recurrence (when), on (receive)])

% root blackboard: doesn't know anyone who can solve goal
(memberchk(reply(none), NewParams) -> true

oaaId(KSID),
oaaPostEvent(
ev reply-solved([KSID], [],Goal,Params, []),
[address(RequestingKS)])

otherwise ->

dispatch solverequest(RequestingKS, Goal, Params, EvParams, KSList)

/* Finds all KSs for a goal, asks them to solve it, then returns */
/* the answers to the calling BB
oaaAppDoEvent(evpost solve from bb(Id, Goal, Params), EvParams)

memberchk(from(RequestingKS), EvParams),
% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
choose_agentsforgoal(RequestingKS,Goal,AddrKS,Params,true,KSList),

% if none of my agents know how to solve goal, send to parent
(KSList = [I ->

find level(Params, Level, NewParams),
% try to ask parent
((com:comGetInfo(parent, facname(ParentName)),
com:comGetInfo(parent, fac id(ParentId)), Level > 0) ->

oaaTraceMsg('-nRouting goal "evsolve(-p)" to parent -p.-n',
(Goal, ParentName]),

oaaPostEvent( evpost_solvefrombb(Id, Goal, NewParams),
[address(parent)]),

(memberchk(reply(none), NewParams) -> true

oaa:oaa_add trigger local(
comm,

event(ev replysolved_by_bb(Id, _SomeKS, Goal, P2, Solutions),

evrespond bbquery(RequestingKS,ParentId, Id,Goal,Params,
P2, Solutions),
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[recurrence(when), on(receive)])

% root blackboard : knows no solvers
(memberchk(reply(none), Params) -> true
oaaName(KSName),
oaa PostEvent(
ev replysolved bybb(Id, KSName,Goal,Params, []),
[address(RequestingKS)])

member(SomeKS, KSList), % backtrack over all KSs.
oaaTraceMsg('-nRouting goal to -p: -p-n',

[SomeKS, Goal]),

oaaPostEvent( ev solve(Id, Goal, Params),
[address(SomeKS), from(RequestingKS)]),

(memberchk(reply(none), Params) -> fail

oaa:oaa add trigger_local(
comm,
event(evsolved(Id, _SomeKS, Goal, P2, Solutions), _),
evrespond bbor posthigher(RequestingKS,SomeKS,Id,
Goal,P2,Solutions),

[recurrence(when), on(receive)])

fail % send events to all KSs that can solve goal.

oaaAppDoEvent(wakeup(time_limit(Id)), _EvParams) -

retract(timelimittrigger(Id,_When,RequestingKS,Goal,Params)),
oaaTraceMsg('-nTime limit expired. Goal failed:-n -p-n', [Goal]),
oaa Id(KSId), % get local ksid

% interpret(KSId,
% ev_respondquery(-l,RequestingKS, KSId, Goal, Params, Params, [])).

oaa_Interpret(
ev_respondquery(-l,RequestingKS, KSId, Goal, Params, Params, (1),

[from(KSId)]).

% When asked by parent blackboard to solve a goal,
% route all answers back using "ev solved(Id, KS, Goal, Params, Solutions)".
oaa_AppDoEvent(evsolve(Id, Goal, Params), EvParams)

memberchk(from(ParentBB), EvParams),
oaaName(KSName),

% see if the query is addressed using address(KS) in Params
check address(Params, AddrKS),
choose_agentsforgoal(KSName,Goal,AddrKS,Params,true,KSList),

% if none of my agents know how to solve goal, send empty solutions
(KSList = [I ->

(memberchk(reply(none), Params) -> true

oaaPostEvent( ev solved(Id, KSName,Goal,Params, []),
[address (ParentBB)])
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member(SomeKS, KSList), % backtrack over all KSs.
oaaTraceMsg('-nRouting goal "evsolve(-p)" to -p.-n', (Goal,

SomeKS]),

oaaPostEvent( ev solve(Id, Goal, Params),
[address(SomeKS), from(ParentBB)]),

(memberchk(reply(none), Params) -> fail
oaa:oaa_add trigger_local(

comm,
event(evsolved(Id, _SomeKS, Goal, P2, Solutions), _),
evrespond to parent(ParentBB,KSName,Id,Goal,Params,

P2, Solutions),
[recurrence (when), on (receive) ])

fail % send events to all KSs that can solve goal.

/* If a KS is available, send it the message */
oaa_AppDoEvent(evpostevent(Event), EvParams)

memberchk(from(KS), EvParams),
choose ks forgoal(KS, Event, _, [], SomeKS, _),

oaa PostEvent(Event, [address(SomeKS), from(KS)]),
fail.

/* If a KS is available, send it the message */
oaa_AppDoEvent(evpostevent(KSName, Event), EvParams)

oaa Name(KSName), !,
% interpret(KS, Event).
oaaInterpret(Event, EvParams).

oaa_AppDoEvent(evpostevent(KSName, Event), EvParams)
memberchk(from(KS), EvParams),
% agent must be "ready" to receive messages, or just

% open if it is an agent compiled with old agentlib.
(oaa:oaasolvelocal(agentdata(RealKS, ready, _Solvable,AgentName), [)

oaa:oaasolve_local(agentdata(RealKS, open, _Solvable,AgentName), []),
oaa Version(RealKS, _Language, Version),
Version < 2.0),
(matchks(KSName, RealKS) ; KSName = AgentName),
oaa PostEvent(Event, [address(RealKS), from(KS)] ),
fail.

% oaaAppDoEvent(evjpostevent(_KS, _Event), _KS) :- I.
oaaAppDoEvent(evpostevent(_KS, _Event), _EvParams) :-

% Send back solutions to KS who originally requested them (with evpostsolve)

% 970219: DLM: Added arg. OrigParams. There is now a requirement that
% the params returned in a ev replysolved event must be unifiable with the
original
% params (from the corresponding solve event).
oaaAppDoEvent(ev respond query(Id,RequestingKS, Requestee, Goal, OrigParams,

Params,Solutions), _EvParams) :-
oaaTraceMsg('-nRouting answers back to -p:-n -p-n',
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[RequestingKS,Solutions)),
cancel time check(Id),
unifyparams(OrigParams, Params, UParams),

Solutions == [H ->

Solvers = []
otherwise ->

Solvers = [Requestee]

oaa PostEvent( evreply_solved([Requestee), Solvers, Goal, UParams,
Solutions),

[address(RequestingKS)]), I.

% Send back solutions to KS who originally requested them (with ev-postsolve)
% If no solutions, ask a higher blackboard
oaa_AppDoEvent(

evrespond or posthigher(RequestingKS, Solver,Id,Goal,P,Solutions),
EvParams) :-

((Solutions \== [ ; oaa:oaa class(root)) ->

cancel time check(Id), I,
returnsolutions(RequestingKS, Solver, Id, Goal,P,Solutions)

% @@DLM: The following needs work. Must check goal-count status
% before posting higher
% sub-agents found no solutions: post higher
com:comGetInfo(parent, facid(ParentId)),
find level(P, Level, NewParams),
Level > 0,
oaaPostEvent( evpostsolvefrombb(Id, Goal, NewParams),

[address(parent)]),
oaa:oaaaddtriggerlocal(

comm,
event(evreply solvedbybb(Id, _SomeKS, Goal, P2, Solutions),

ev respondquery(Id,RequestingKS,ParentId, Goal,P,P2, Solutions),
[recurrence(when), on(receive)])

% Send back acknowledgement to agent that originally requested an update.
oaa_AppDoEvent(

evreturnupdate(RequestingKS, Mode, Solver, Id, Clause, Params, Updaters),
EvParams) :-
returnupdate(RequestingKS, Mode, Solver, Id, Clause, Params, Updaters).

% Send back acknowledgement to agent that originally requested a trigger
% update.
oaaAppDoEvent(

evreturntrigger-update(RequestingKS, Mode, Solver, Id, Type, Condition,
Action, Params, Updaters),

_EvParams) :-
oaaTraceMsg('-nRouting trigger updaters back to -p:-n -p-n',

[RequestingKS,Updaters]),
return_triggerupdate(RequestingKS, Mode, Solver, Id, Type, Condition,

Action, Params, Updaters).

% Send back solutions to a blackboard who requested them
% (with evpost_solvefrombb)
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% 970219: DLM: Added arg. OrigP. There is now a requirement that
% the params returned in a evsolved event must be unifiable with the original
% params (from the corresponding solve event).
oaa_AppDoEvent(ev respond bbquery(RequestingBB, Solver, Id,Goal,

OrigP, P,Solutions), _EvParams)
unifyparams(OrigP, P, UP),
oaaTraceMsg('-nRouting answers back to blackboard -p:-n -p-n',

(RequestingBB,Solutions]),
oaaPostEvent( evreply_solved_bybb(Id, Solver,Goal,UP,Solutions),

[address(RequestingBB)]), !.

% Send back solutions to a blackboard who requested them
oaaAppDoEvent(

ev-respond bb oryposthigher(RequestingBB,Solver,Id,Goal,P,Solutions),
EvParams) :-
((Solutions \== [ ; oaa:oaa class(root)) ->

oaaTraceMsg('-nRouting answers back to blackboard -p:-n -p-n',
(RequestingBB,Solutions]),

oaaPostEvent( evreplysolved bybb(Id, Solver, Goal, P,Solutions),
[address(RequestingBB)])

% sub-agents found no solutions: post higher
com:comGetInfo(parent, facid(ParentId)),
find level(P, Level, NewParams),
Level > 0,
oaaPostEvent( evpostsolvefrombb(Id, Goal, NewParams),

[address(parent)]),
oaa:oaaadd_trigger local(

comm,
event(evreply solved-bybb(Id, _SomeKS, Goal, P2, Solutions),

evrespond bb query(RequestingBB,ParentId, Id,Goal,P,P2,Solutions),
[recurrence(when), on(receive)])

% Send back solutions to KS who originally requested them (with ev-post solve)

% 970219: DLM: Added arg. OrigP. There is now a requirement that
% the params returned in a evsolved event must be unifiable with the original
% params (from the corresponding solve event).
oaa_AppDoEvent(ev respond to parent(ParentBB,Solver, Id,Goal, OrigP,

P, Solutions), _EvParams)
unifyparams(OrigP, P, UP),
oaaTraceMsg('-nRouting answers back to parent bb -p:-n -p-n',

[ParentBB,Solutions]),
oaaPostEvent( ev solved(Id, Solver, Goal, UP, Solutions),

[address(ParentBB)]), !.

oaaAppDoEvent(evcheck agent_name(KSName), EvParams):-
memberchk(from(KS), EvParams),
findall(KSName, oaa:oaasolve local(agent_location(_KSID, KSName , ,_

[]), L),
(L==[] ->

% @@tcpsend shouldn't be used:
tcp-send(KS, 'UNIQUE');
findall(KSl, oaa:oaasolvelocal(agentlocation(_, KS1, _, ), (1), R),
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tcpsend(KS, R)),!.

oaa_AppDoEvent(ev registerportnumber(Name,Address), EvParams) :- %+KS, +Port,
+Host

memberchk(from(KS), EvParams),
Address =.. (address, Port, Host],
oaa:oaaremovedatalocal(agentlocation(KS, _Name, _Port, _Host),

[M),
oaa:oaa adddatalocal(agentlocation(KS, Name, Port, Host), []),
format('Agent -p has Port: -p , Host: -p -n', [KS, Port, Host]),

oaa_AppDoEvent (ev registerportnumber (Name,Address), EvParams) :- %+KS, +Port,
+Host

memberchk(from(KS), EvParams),
Address =.. [address, Port, Host],

oaa:oaa adddatalocal(agentlocation(KS, Name, Port, Host), []),
format('Agent -p has Port: -p , Host: -p -n', [KS, Port, Host]),

oaa_AppDoEvent(evcontinueexecution(Id, RKS, Requestees, Solvers, Solutions),
EvParams) :-

continue execution(Id, RKS, Requestees, Solvers, Solutions).

% This is called from a trigger set in compound.pl.
oaa_AppDoEvent(

ev unifyandcontinueexecution(Id, RKS, Goal, Vars, Requestee, Requestees,
Solvers, Solutions),

unifyand_continueexecution(Id, RKS, Goal, Vars, Requestee, Requestees,
Solvers, Solutions).

/* Facilitator solvable: report the version and language of some
connected agent. */

oaaAppDoEvent(agent-version(Id, Language, Version), _EvParams)

oaaVersion(Id, Language, Version) .

/* Facilitator solvable: Find all agents who can solve goal */
oaa_AppDoEvent(cansolve(Goal, KSList), EvParams) :-

(memberchk(from(KS), EvParams) -> true I oaaId(KS) ),
findall(SomeKS, choose ks forgoal(KS, Goal, _, [], SomeKS, _), KSList).

% chooseagents_forgoal (RequestingKS,Goal, AddrKS, Params, Sort,Agents).

% The first 4 arguments are exactly as expected by chooseks forgoal.
% Sort, a boolean, tells whether to sort on utility.

chooseagentsforgoal (RequestingKS,Goal,AddrKS, Params, Sort,Agents) -

findall(
p (Agent, Utility),
choose ks forgoal (RequestingKS,Goal,AddrKS, Params,Agent,Utility),
Pairs

Sort ->

samsort(oaautilitycompare, Pairs, SortedPairs)
otherwise->
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SortedPairs = Pairs

findall(Agent, member(p(Agent,_Utility), SortedPairs), Agents).

% chooseagents_fordata(RequestingKS,Goal,AddrKS,Perm, Sort,Agents).

% The first 4 arguments are exactly as expected by chooseks fordata.
% Sort, a boolean, tells whether to sort on utility.

chooseagents fordata(RequestingKS,Goal,AddrKS,Perm, Sort,Agents)
findall(
p(Agent,Utility),
choose ks for data(RequestingKS,Goal,AddrKS,Perm,Agent,Utility),
Pairs

Sort ->

samsort(oaautilitycompare, Pairs, SortedPairs)
otherwise ->
SortedPairs = Pairs

findall(Agent, member(p(Agent,_Utility), SortedPairs), Agents).

oaautilitycompare(p(_Agentl,Utilityl), p(_Agent2,Utility2))
Utilityl >= Utility2.

/* Finds a KS that knows how to solve Goal */

% backtracks over all KSs that know how to solve
% a particular goal, except for RequestingKS, which is the
% KS who asked for the goal to be solved in the
% first place. (RequestingKS is included if the 'reflexive, Param
% is present.)
% MemberList can be a list used to reduce the set to at most MemberList
% or can be a specific KS to try, or a variable.
% If an address is specified in MemberList, it can be the same as
% RequestingKS (DLM, 96/10/30).
% Solvable lists can contain complex tests (AC, 97/2/5)
% e.g. [goall(Y), (g(X) :- X > 1,X < 10),goal2]
% Params is now used to check for 'reflexive' (DLM, 97/03/06).
% Utility is the numeric value the KS has associated with the
% solvable.
choose ks forgoal(RequestingKS, Goal, MemberList, Params, SomeKS, Utility)

var(MemberList),

ks_ready(SomeKS, ListOfGoals),
iclGetParamValue(reflexive(true), Params) ->

true
otherwise ->

SomeKS \== RequestingKS

oaa:oaagoalmatchessolvables(Goal, ListOfGoals, _, Matched),
Matched = solvable(_, SolveParams, _),
icl GetParamValue(utility(Utility), SolveParams).

choose ks forgoal(_RequestingKS, Goal, MemberList, _Params, SomeKS, Utility)
(islist(MemberList) ->

member(SomeKS, MemberList)
SomeKS = MemberList),
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oaa:icl true id(SomeKS, TrueId),
ksready(TrueId, ListOfGoals),

oaa:oaagoal matchessolvables(Goal, ListOfGoals, _, Matched),
Matched = solvable(_, SolveParams, _),
iclGetParamValue(utility(Utility), SolveParams).

% backtracks over all KSs that know how to write a particular goal (or
% read, though that's not currently used), except for RequestingKS,
% which is the KS who asked for the goal to be solved in the first
% place. RequestingKS is never included, because he does the
% appropriate asserts locally, when appropriate.

% Perm is 'read' or 'write'.

choose ks fordata(RequestingKS, Goal, MemberList, Perm, SomeKS, Utility)
var(MemberList),

ks_ready(SomeKS, ListOfGoals),
SomeKS \== RequestingKS,
oaa:oaadata matchessolvables(Goal, ListOfGoals, Perm, _, Matched),
Matched = solvable(_, SolveParams, _),
icl GetParamValue(utility(Utility), SolveParams).

choose ks fordata(_RequestingKS, Goal, MemberList, Perm, SomeKS, Utility)
(islist(MemberList) ->

member(SomeKS, MemberList)
SomeKS = MemberList),
ks_ready(SomeKS, ListOfGoals),

oaa:oaadata matchessolvables(Goal, ListOfGoals, Perm, _, Matched),
Matched = solvable( , SolveParams, _),
iclGetParamValue(utility(Utility), SolveParams).

% ks_ready(*SomeKS, *ListOfGoals).
% Backtracks over all agents that are ready to solve goals.
% If SomeKS is bound (with an agent's local ID), only that agent is
% considered.
ks_ready(SomeKS, ListOfGoals)

% agent must be "ready" to receive messages, or just
% open if it is an agent compiled with old agentlib.

(oaa:oaasolvelocal(agentdata(SomeKS, ready, ListOfGoals,_AgentName),
[)]) ;

oaa:oaasolve_local(agentdata(SomeKS, open, ListOfGoals,_AgentName),

oaaVersion(SomeKS, _Language, Version),
Version < 2.0).

% Facilitator agents look up their own solvables in oaasolvables/l.
ks_ready(SomeKS, ListOfGoals)

oaaId(SomeKS),
oaa:oaa solvables(ListOfGoals).

matchks(all, _KS).
match ks(KS, KS).

% If params contains a VALID address (symbolic name or id) for one or more
% agents, return the agents' ids.
% If params contains an INVALID address, remove it from the list returned.
% Otherwise, KSAddr should return a variable.
% 97-05-23 (DLM): The address param now should always contain a list,
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% but we'll check just to be safe.

check address(Params,,KSAddr) .-
memberchk (address (Addr), P

is list(Addr) ->
AddrList = Addr

AddrList = [Addr]),
find addresses(AddrList, K

check address(_Params, _SomeKS).

find addresses( [1), .
find addresses([Addr I Addrs],

find address(Addr, Id),

find addresses(Addrs, Ids)
find-addresses([_Addr I Addrs]

find addresses(Addrs, Ids)

arams)

SAddr),

Id I Ids]) -

Ids)

% Given an agent id (eg. 5) or a symbolic name (eg. 'interface')
% returns the local id for the reference.

% TBD: This does not yet handle remote addresses (associated with a different
% facilitator).

find address(addr(Addr), SomeKS)
com:com GetInfo(incoming, oaa addr(Addr)),
% That's me, the facilitator.

oaa Id(SomeKS).
find address(addr(Addr, SomeKS), SomeKS)

com:com GetInfo(incoming, oaa addr(Addr)),
% One of my clients.

% Make sure it's current:
oaa:oaa solvelocal(agentdata(SomeKS, _, _ListOfGoals,

find address(name(Name), SomeKS) .-

atom(Name),
oaa:oaa solve local(agentdata(SomeKS,

findaddress(SomeKS, SomeKS) :-
oaa:oaa solvelocal(agent_data(SomeKS,

_AgentName), []).

,ListOfGoals, Name), []).

_ ListOfGoals, _AgentName), []),

find level(Params, Level, NewParams) :-
oaa:removeelement(levellimit(Level), Params, Params2), !,
(Level > 0 ->

NewLevel is Level - 1
NewLevel is 0),

NewParams = [levellimit(NewLevel) IParams2l.
find level(Params, 1, Params).

post toall clients(Event)
oaa Id(FacId),
oaa:oaasolve_local(agent data(ClientId, ready, _Solvable,_AgentName),

[1)5
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ClientId \== FacId,
oaa PostEvent(Event, (address(ClientId), from(FacId)] ),
fail.

post toallclients(_Event).

% This is called when length of KSList is > 0.

% goal count(GoalId,Goal,Params,EvParams,ToBeCalled,Called,
% Responders,Solvers,Answers,NumAnswers)

dispatchsolverequest(RequestingKS, Goal, Params, EvParams, KSList)
new-goal id(Id),
% Note that reply (none) overrides parallel_ok (false). We can't
% provide parallelok (false) if no replies come back from solvers.
memberchk(reply(none), Params) ->
dispatch solve events(KSList, Id, RequestingKS, Goal, Params, EvParams)
memberchk(parallelok(false), Params) ->
% Dispatch to one KS; save the rest for later.
KSList = [FirstKS I Rest],
assert(goal-count(Id, Goal, Params, EvParams, Rest,

(FirstKS], (], [], [1, 0)),
dispatchsolveevent(Id, RequestingKS, Goal, Params, EvParams, FirstKS)
otherwise ->
% Dispatch to all KSs.
assert(goalcount(Id, Goal, Params, EvParams, [],

KSList, [1, (], [], 0)),
dispatch_solveevents(KSList, Id, RequestingKS, Goal, Params, EvParams)

dispatch_solveevents([], _Id, _RequestingKS, _Goal, _Params, _EvParams).
dispatchsolveevents([SomeKS I Rest], Id, RequestingKS, Goal,

Params, EvParams) :-
dispatch solveevent(Id, RequestingKS, Goal, Params, EvParams, SomeKS),
dispatchsolveevents(Rest, Id, RequestingKS, Goal, Params, EvParams).

dispatch_solveevent(Id, RequestingKS, Goal, Params, EvParams, SomeKS)
oaaId(SomeKS),
% That's me, the facilitator.
I,

iclGoalComponents(Goal, , , GoalParams),
append(Params, EvParams, InheritedParams),
append(GoalParams, InheritedParams, AllParams),
findall(Goal,

% InheritedParams here is right, not AllParams:
oaa:oaa solve local(Goal, InheritedParams),

Solutions),
memberchk(reply(none), AllParams) ->

true
otherwise ->

oaaAppDoEvent(

ev-respond orposthigher(RequestingKS,SomeKS,IdGoal,Params,Solutions),
[] )).)

dispatchsolveevent(Id, RequestingKS, Goal, Params, _EvParams, SomeKS)
oaaTraceMsg('-nRouting goal "ev solve(-p)" to -p.-n', [Goal, SomeKS]),
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% ask a sub-agent to try and solve goal.
% if solutions are returned, pass them to requestingKS.
% otherwise, ask higher blackboard to try and solve goals.
% note: send ev solve(id(Id,SomeKS), ...) as a means of insuring
% that each ev solved() trigger is unique and only matches
% exactly one response. We use _SomeKS in the field indicating
% which agent actually solved the goal because individual
% agents don't necessarily know their internal unique ID #.

oaaPostEvent( ev solve(id(Id,SomeKS), Goal, Params),
[address(SomeKS), from(RequestingKS)]),

memberchk(reply(none), Params) ->

true
otherwise ->

% If time limit specified in parameters, setup
% timetrigger to wakeup if solutions hasn't been returned
% in specified time.

memberchk(timelimit(NSecs), Params) ->

add time check(NSecs, Id, RequestingKS, Goal,Params)
I true)
oaa:oaaaddtriggerlocal(
comm,
event(ev solved(id(Id,SomeKS), _SomeKS, Goal, P2, Solutions), ,
evrespond or posthigher(RequestingKS,SomeKS,Id,Goal,P2,Solutions),
[recurrence(when), on(receive)])

% return solutions(+RequestingKS, +Responder, +Id, +Goal, +P, +NewSolutions).
% Having just received solutions from a Responder, take the appropriate action.

% Even though the Responder has returned copies of the goal and params,
% we don't need them because we have a local copy in goalcount.

% @@DLM: Unresolved question about streaming: Should we stream the
% responses with 0 solutions? [My thinking is "yes".]
return solutions(RequestingKS, Responder, Id, _Goal, _P, NewSolutions)

% ToBeCalled lists solvers not yet called. PrevCalled lists
% the called solvers that have yet to respond.
retract(goal_count(Id, Goal, Params, EvParams,

ToBeCalled, PrevCalled, PrevResponders,
PrevSolvers, PrevSolutions, PrevNumSol)),

% Take Responder out of the called list:
selectchk(Responder, PrevCalled, Called) ->

true
otherwise ->

format('ERROR: Inappropriate evsolved event received:-n', []),
format(' -w -w -w -w-n', [RequestingKS, Responder, Id, Goal]),
Called = PrevCalled

% and put him into the responder list:
append(PrevResponders, [Responder), Responders),
% The solvers are just the responders that succeeded:
NewSolutions = [] ->

NewSolvers = [

otherwise ->

NewSolvers = [Responder]
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append(PrevSolvers, NewSolvers, Solvers),
append(PrevSolutions, NewSolutions, Solutions),
length(NewSolutions, NewNumSol),
NumSol is PrevNumSol + NewNumSol,

% This case means that either: (1) we've gotten responses from all
% solvers; and/or (2) we have reached the desired number of solutions.
% By not saving goalcount, we ensure that any additional returned
% solutions are ignored:
((ToBeCalled == [], Called == (])
(memberchk(solutionlimit(Limit), Params), NumSol >= Limit)) ->

% This test is a place-holder; streaming not yet official:
memberchk(reply(streaming), Params) ->

Return = evreply_solved([Responder], NewSolvers, Goal, Params,
NewSolutions)

otherwise ->

Return = ev-reply_solved(Responders, Solvers, Goal, Params,
Solutions)

Save = false
% This case happens with parallelok(false):
ToBeCalled = [Next I Rest] ->
dispatch_solveevent(Id, RequestingKS, Goal, Params, EvParams, Next),

% This test is a place-holder; streaming not yet official:
memberchk(reply(streaming), Params) ->

Return = ev replysolved([Responder], NewSolvers, Goal, Params,
NewSolutions),

Save = goalcount(Id, Goal, Params, EvParams,
Rest, [NextiCalled], [], [1, [1, NumSol)

otherwise ->
Return = false,

Save = goalcount(Id, Goal, Params, EvParams,
Rest, (NextICalled], Responders, Solvers,

Solutions, NumSol)

% Still waiting for some called solvers to respond:
I Called = [_ I I ->

% This test is a place-holder; streaming not yet official:
menberchk(reply(streaming), Params) ->

Return = evreply_solved([Responder], NewSolvers, Goal, Params,
NewSolutions),

Save = goalcount(Id, Goal, Params, EvParams,
ToBeCalled, Called, [], (], [], NumSol)

otherwise ->
Return = false,

Save = goalcount(Id, Goal, Params, EvParams,
ToBeCalled, Called, Responders, Solvers,

Solutions, NumSol)

Save == false ->

true
otherwise ->

assert (Save)

Return == false ->

true
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otherwise ->
oaaTraceMsg('-nRouting answers back to -p:-n -p-n',

(RequestingKS,Return]),
oaaPostEvent(Return, [address(RequestingKS)])

returnsolutions(_RequestingKS, _Responder, _Id, _Goal, _P, _NewSolutions).

dispatch-updaterequest(RequestingKS, Mode, Clause, Params, [])
% No agents able to perform the requested update:
I,

memberchk(reply(none), Params) ->

true
otherwise ->

Event = ev replyupdated(Mode, Clause, Params, [], [1),
oaaPostEvent(Event, [address(RequestingKS)])

dispatch updaterequest(RequestingKS, Mode, Clause, Params, KSList)
newgoal id(Id),
length(KSList,NumKSsForGoal),
% if more than one KS can solve the goal, remember so that
% we can collect answers from all of them later
NumKSsForGoal > 1 ->

assert(updatecount(Id, NumKSsForGoal, [], [1))
otherwise ->

true

member(SomeKS, KSList), % backtrack over all KSs.
dispatch-update event(Id, RequestingKS, Mode, Clause, Params, SomeKS),
fail.

dispatch updaterequest(_RequestingKS, _Mode, _Clause, _Params, _KSList).

dispatchupdate_event(Id, RequestingKS, Mode, Clause, Params, SomeKS)
oaaId(SomeKS),
% That's me, the facilitator.

Mode == add ->

Functor = oaa add data local
Mode == replace ->

Functor = oaareplacedatalocal
otherwise ->

Functor = oaa-removedata local

append(Params, [from(RequestingKS)], AllParams),
Goal =.. [Functor, Clause, AllParams],

call(oaa:Goal) ->
Updaters = [SomeKS]

otherwise ->

Updaters = [J

memberchk(reply(none), Params) ->

true
otherwise ->

% Params must be returned here (not AllParams):
return update(RequestingKS,Mode,SomeKS,Id, Clause,Params,Updaters)

dispatch update_event(Id, RequestingKS, Mode, Clause, Params, SomeKS)
oaaTraceMsg('-nRouting request "ev-update(-p, -p, -p)" to -p.-n',
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[Mode, Clause, Params, SomeKS)),
append(Params, [from(RequestingKS)], AllParams),
oaaPostEvent(

ev update(id(Id,SomeKS), Mode, Clause, AllParams),
[address(SomeKS)]),

memberchk(reply(none), Params) ->

true
otherwise ->

% TBD: Do we want to set a time trigger here?
oaa:oaaaddtriggerlocal(

comm,
event(ev updated(id(Id,SomeKS), _Mode, _Clause, _P2, Updaters), _),
% Params must be returned here (not AilParams):

ev return_update(RequestingKS,Mode,SomeKS,Id,
Clause,Params,Updaters),

[recurrence(when), on(receive)])

% Returns, to requesting KS, the addresses of all agents (including
% facilitator if appropriate), that attempted (NewKSs) and that actually
% satisfied (Updaters) an update request.

% NewUpdaters is always either [1, or a singleton list.

% Possible values for Mode: add, remove, replace.

% Note: Params must be returned in ev replyupdated, so it must be
% unifiable with the params embedded in the requesting event (evpostevent).

returnupdate(RequestingKS, Mode, Responder, Id, Clause, Params,
NewUpdaters) .-

retract(update count(Id, AgentsLeft, PrevKSs, PrevUpdaters)),
append(PrevUpdaters, NewUpdaters, Updaters),
append(PrevKSs, [Responder], NewKSs),
AgentsLeft > 1 ->
NewAgentsLeft is AgentsLeft - 1,
assert(updatecount(Id, NewAgentsLeft, NewKSs, Updaters))

otherwise ->
oaaTraceMsg('-nRouting updaters back to -p:-n -p-n',

[RequestingKS,Updaters]),
Event = ev_replyupdated(Mode, Clause, Params, NewKSs, Updaters),
oaa PostEvent(Event, [address(RequestingKS)])

return update(RequestingKS, Mode, Responder, _Id, Clause, Params, Updaters)
oaaTraceMsg('-nRouting updaters back to -p:-n -p-n',

[RequestingKS,Updaters]),
Event = ev replyupdated(Mode, Clause, Params, [Responder], Updaters),
oaaPostEvent(Event, [address(RequestingKS)]).

% No agents able to install this trigger:
dispatch triggerrequest(RKS, Mode, Type, Condition, Action, Params, [])

memberchk(reply(none), Params) ->

true
otherwise ->

Event = evreply-triggerupdated(Mode, Type, Condition, Action, Params,
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[I, (1),
oaa PostEvent(Event, [address(RKS)])

dispatchtriggerrequest(RKS, Mode, Type, Condition, Action, Params, KSList)
new goal-id(Id),
length(KSList,NumKSsForGoal),
% if more than one KS can solve the goal, remember so that
% we can collect answers from all of them later
NumKSsForGoal > 1 ->
assert(updatecount(Id, NumKSsForGoal, (], [1))

otherwise ->

true

member(SomeKS, KSList), % backtrack over all KSs.
dispatchtrigger event(Id, RKS, Mode, Type, Condition, Action, Params,

SomeKS),
fail.

dispatchtriggerrequest(_RKS, _Mode, -Type, _Condition, _Action, _Params,
_KSList).

dispatch triggerevent(Id, RKS, Mode, Type, Condition, Action, Params,
SomeKS)

oaaId(SomeKS),
% That's me, the facilitator.

Mode == add ->

Functor = oaa add triggerlocal
otherwise ->

Functor = oaaremovetriggerlocal

Goal =.. [Functor, Type, Condition, Action, Params],
call(oaa:Goal) ->

Updaters = [SomeKS]

otherwise ->

Updaters = [J

memberchk(reply(none), Params) ->

true
otherwise ->

returntriggerupdate(RKS, Mode, SomeKS, Id, Type,
Condition, Action, Params, Updaters)

dispatch triggerevent(Id, RKS, Mode, Type, Condition, Action, Params,
SomeKS) -

oaaTraceMsg('-nRouting request-n ev-updatetrigger(-p, -p, -p, -p, -p)-nto
-p.-n',

[Mode, Type, Condition, Action, Params, SomeKS]),
oaa PostEvent(

ev updatetrigger(id(Id,SomeKS), Mode, Type, Condition, Action, Params),
[address(SomeKS), from(RKS)]),

memberchk(reply(none), Params) ->

true
otherwise ->

% TBD: Do we want to set a time trigger here?
oaa:oaaaddtriggerlocal(

Comm,
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event(evtrigger updated(id(Id,SomeKS), _Mode, -Type, _Condition,
-Action, P2, Updaters), _),

evreturntrigger-update(RKS,Mode,SomeKS,Id,
Type,Condition,Action, P2,Updaters),

[recurrence(when), on(receive)])

% Returns, to requesting KS, the addresses of all agents (including
% facilitator if appropriate), that attempted (NewKSs) and that actually
% satisfied (Updaters) a trigger update request.

% NewUpdaters is always either (], or a singleton list.

% Possible values for Mode: add, remove.

return triggerupdate(RequestingKS, Mode, Responder, Id,
Type, Condition, Action, Params, NewUpdaters)

retract(update count(Id, AgentsLeft, PrevKSs, PrevUpdaters)),
append(PrevUpdaters, NewUpdaters, Updaters),
append(PrevKSs, [Responder], NewKSs),
AgentsLeft > 1 ->
NewAgentsLeft is AgentsLeft - 1,
assert(updatecount(Id, NewAgentsLeft, NewKSs, Updaters))

otherwise ->
Event = evreply trigger updated(Mode,Type,Condition,Action,

Params, NewKSs, Updaters),
oaa PostEvent(Event, [address(RequestingKS)])

return triggerupdate(RequestingKS, Mode, Responder, _Id,
Type, Condition, Action, Params, Updaters)

Event = ev-reply triggerupdated(Mode, Type, Condition, Action,
Params, [Responder], Updaters),

oaaPostEvent(Event, [address(RequestingKS)]).

% unifyparams(+OrigParams, +Params, -UnifiedParams).

% There is now (970219) a requirement that the params returned in
% a evsolved or evsolvedbybb event must be unifiable with the original
% params from the corresponding solve request. In some situations*, the
% Params returned to the facilitator by a solver may not unify with
% the OrigParams, but may contain individual elements with variables
% instantiated by the solver. This pred. can be used to save these
% instantiations.

% *Such as, when find level has been used to create a new params list.

unifyparams([], _Params, []).
unifyparams([OrigParam I Rest], Params, [OrigParam I UnifiedRest])

memberchk(OrigParam, Params) I true ),

unifyparams(Rest, Params, UnifiedRest).

% These are extremely simple predicates for maintaining com connectioninfo/5,
% which keeps info about the agents to which this agent currently has
% a communications channel.
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add connected(Id, Connection) .-
assert(com:comconnectioninfo(Id, unknown, child,

[connection(Connection),oaa id(Id)], connected)).

update_connected(Id, AddInfo)
cornAddInfo(Id, AddInfo).

% remove connected(+Id).
remove-connected(Id) .-

retractall(com:com connection info(Id, _ , _,

% if the time limit(NSec) parameter is sent, install wakeup on server
% to indicate the request has failed if not achieved in the correct time.
add-time check(NSecs, Id, RequestingKS, Goal,Params) :-

(time limit-trigger(Id,_When, RequestingKS,_Goal,_Params) ->

true * already added for this goal request

tcp-now(Now),
tcptimeplus(Now,NSecs,Soon),
tcp schedulewakeup(Soon, timelimit(Id)),
assert(timelimittrigger(Id,Soon,RequestingKS,Goal,Params)),
oaaTraceMsg('-nTime limit check added for -p-n', [Goal])

% if solutions are returned before a timelimit trigger has expired,
% remove the trigger.
cancel time check(Id)

retract(timelimittrigger(Id,When,_RequestingKS,Goal,_Params)),
tcpcancelwakeup(When, timelimit(Id)),
oaaTraceMsg('-nTime limit check removed because solution returned.-n

-p-n',
[Goal]), I.

canceltimecheck(_Id).

/* Generates a unique ID for a goal.

/* ID's should be unique across blackboards*/
/* which is why we use the KSName prefix */
/* Goal counters are used to make sure the */
/* solution really matches the query.

newgoal_id(NewId) -
oaaName(KSName),
concat(KSName, ' ', Tmp),
gensym(Tmp, NewId).

% Returns a list containing Num new goal ids.

newgoal_ids(Num, [NewId I RestIds])
Num > 0,

newgoal id(NewId),
NewNum is Num - 1,
new goal ids(NewNum, RestIds).

newgoal_ids(_Num, []).
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start .-
runtimeentry(start).

runtime entry(start) :-
initial solvables(Solvables),
com ListenAt(incoming, CInfo),
format('Listening at -p-n-n', [CInfo]),
oaaRegisterCallback(app do event, user:oaaAppDoEvent),
oaaRegister(incoming, 'root', Solvables),
onexception(_, oaaAppInit, true),
oaaMainLoop(true).

runtime entry(abort) :- !.
%- format('Closing all connections...-n', []),
96 close all connections.

% If the Facilitator is killed (ctrl-c) before disconnecting
% all clients, it will not free the port.
% This code is an attempt to fix this problem, but it doesn't
% help. Why not???
% close all connections
96 tcp-connected(X,Y),
96 tcpdestroylistener(Y),
% tcp shutdown(X),
% fail.
% close all connections
% tcp reset, fail.
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Source code file named libcomtcp.pl.
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% File : libcomtcp.pl
% Primary Authors : Adam Cheyer, David Martin
% Purpose : TCP instantiation of lowlevel communication primitives for OAA
% Updated 01/98

% Unpublished-rights reserved under the copyright laws of the United States.

% Unpublished Copyright (c) 1993-98, SRI International.
% "Open Agent Architecture" and "OAA are Trademarks of SRI International.

------------------------------------------------------------------------

%* RCS Header and internal version

module(com,
[comConnect/2,
comDisconnect/i,
comListenAt/2,
comSendData/2,
comSelectEvent/2,
comAddInfo/2,
comGetInfo/2]).

% rcs version number
rcsid(libcom tcp, '$Header:
/tmp_mnt/home/zumal/martin/OAA/agents/beta/prolog/RCS/comitcp.pl,v 1.10
1998/05/06 22:35:36 martin Exp $')

use module library(sets)).
use module library(tcp)).
use module(library(basics)).
use module library(lists)).
usemodule library(charsio)). % for sprintf and with outputtochars
usemodule(library(ask)). % for askoneof
use module(library(environ)). % read environment vars
usemodule(library(files)). % can open file
usemodule(library(strings)). % for concat

dynamic
comconnectioninfo/5, % id, commtype, client/server, commInfo, status
comalreadyloaded/l. % filename

% name: comConnect(+ConnectionId, ?Address)
% purpose: Given a connection ID and an address, initiates a client connection
% remarks:
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% - if Address is a variable, instantiates the Address by using
% com ResolveVariables, which looks in a setup file, command line, and
% environment variables for the required info.
% - stores the connection info for connection ID in comconnectioninfo/5.
% - fails if connection can't be made

comConnect(ConnectionId, tcp(Host,Port)) -

ground(ConnectionId),
% if variable address, look it up...
((var(Host) ; var(Port)) ->

comResolveVariables([
[cmd('-oaahost',Host), cmd('-oaa_port', Port)],
[env('OAA HOST', Host), env int('OAAPORT', Port)],
[setup('setup.pl', oaa host, Host),
setup('setup.pl',oaaport, Port)]

I true),

tcp connect(address(Port, Host), RootConnection),
assert(comconnection info(ConnectionId, tcp, client,

(addr(tcp(Host,Port)),
oaahost(Host),oaaport(Port),connection(RootConnection)],

connected)).

% name: com Disconnect(+ConnectionId)
% purpose: Given a connection ID of type 'client', shuts down the connection.
% remarks: Succeeds silently if there is not an open connection having the
% given id.

comDisconnect(ConnectionId)
ground(Connectionld),
comconnectioninfo(ConnectionId, tcp, client, _Info, connected),
comGetInfo(ConnectionId, connection(Connection)),
tcp shutdown(Connection),
retract(comconnection info(ConnectionId,tcp,client,_Info,connected)),

comDisconnect(_ConnectionId).

% name: com ListenAt(+ConnectionId, ?Address)
% purpose: Given a connection ID and an address, initiate a server connection
% remarks:

% if Address is a variable, instantiates the Address by using
comResolveVariables, which looks in a setup file, command line, and
environment variables for the required info.

- stores the connection info for connection ID in comconnection info/5.
- fails if connection can't be made

comListenAt(ConnectionId, tcp(Host,Port))
ground(ConnectionId),
% if variable address, look it up...
((var(Host) ; var(Port)) ->

com ResolveVariables([
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[cmd('-oaahost',Host), cmd('-oaaport', Port)],
[env('OAA HOST', Host), env int('OAA PORT', Port)],
[setup('setup.pl',oaahost, Host),
setup('setup.pl',oaaport, Port)]

I true),

repeat,
(on-exception(E,

tcplisten_atport(Port, Host),
Exception = E) ->

var (Exception) ->

assert(comconnection info(ConnectionId, tcp, server,
[addr(tcp(Host,Port)) ,oaahost(Host) ,oaaport(Port)],
connected)),

otherwise ->

comaskabouttcpexception(Port, Host, Response),
Response == yes ->

fail
otherwise ->

halt

comaskabouttcpexception(Port, Host, Response),
Response == yes ->

fail
otherwise ->

halt

comaskabout_tcpexception(Port, Host, Response)
repeat,
withoutput to chars(

format('Currently unable to access -w port -w.-n Try again? -w',
[Host, Port, '(y)es, n)o, h)elp]']),

Chars),
name(Prompt, Chars),
ask oneof(Prompt, [yes, no, help], Response),
Response == help ->

comprinttcpexceptionhelp,
fail

otherwise ->

comprinttcpexceptionhelp -

write('
I''ve just attempted to listen on the specified port, but was unable
to gain control of it. This could be because there''s already a
Facilitator, or some other program, making use of that port. Or, it
could be that a Facilitator using that port was just terminated. In
such cases, the port may be inaccessible for a brief period (usually
only a few seconds, but sometimes more). It may help to kill any
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client agents which may still be connected to the defunct Facilitator.

If you think the specified port may now be accessible, enter "y" and
I''ll try again. You may request retry any number of times.

If you want me to listen on a different port, enter "n", which will
cause me to terminate. Then change your port specification (it''s
either in a setup file or an environment variable). Then restart me.

% name: com SendData(+ConnectionId, +Data)
% purpose: Sends data to the specified connection ID
% remarks:
% - Checks format for destination connection

comSendData(ConnectionId, Data)
ground(ConnectionId),

comconnection info(ConnectionId, Type, _ClientServer, InfoList,
connected),

(Type = tcp ; Type = unknown), !,
memberchk(connection(Dest), InfoList)

format('-nError: cannot find open connection for -p!-n',
[ConnectionId]),

fail

memberchk(format(F), InfoList) ->

true
memberchk(agentlanguage(c), InfoList) ->

F = special case c
otherwise ->

F = default

comsenddatabyformat(Dest, F, Data).

* quintusbinary: for inter-quintus communication
comsenddatabyformat(Dest, quintus binary, Data) - I,

tcp-send(Dest, Data).
% prolog: a synonym for quintus_binary
comsenddata byformat(Dest, prolog, Data) -- I,

tcp-send(Dest, Data).

% pureascii: don't wrap data in term() wrapper
comsenddatabyformat(Dest, pureascii, Data) :-

currentoutput(CurrentOutput),
flush output(CurrentOutput),
tcpoutputstream(Dest, TcpOutput),
set_output(TcpOutput),
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WriteParams =
[quoted(true), % make input acceptable for read
ignoreops(false), % false so list will be printed as '(1,2]'
% !!! could be a problem with +, other opts.
numbervars(true), % print vars as f(A).
characterescapes(false),% write actual character, not \255
max depth(0)], % no depth limit

writeterm(Data, WriteParams),

flushoutput(TcpOutput),
set_output(CurrentOutput), I.

% special case c: This is the same as default, EXCEPT for the use of
% nl, nl. See comments within the clause for default format.
% Currently we don't understand why it matters.
com senddatabyformat(Dest, special_casec, Data) :- I,

currentoutput(CurrentOutput),
flush output(CurrentOutput),
tcpoutputstream(Dest, TcpOutput),
set_output(TcpOutput),

WriteParams =
[quoted(true), % make input acceptable for read
ignoreops(false), % false so list will be printed as '[1,2]'
% !!! could be a problem with +, other opts.
numbervars(true), % print vars as f(A).
characterescapes(false),% write actual character, not \255
maxdepth(o)], % no depth limit

writeterm(term(Data), WriteParams),
write(' .),
nl, nl,
flush output(TcpOutput),
set_output(CurrentOutput),

% DefaultOAA: wrap in term() wrapper for easy parsing
com senddatabyformat(Dest, _DefaultOAA, Data)

currentoutput(CurrentOutput),
flush output(CurrentOutput),
tcpoutputstream(Dest, TcpOutput),
set_output(TcpOutput),

WriteParams =
[quoted(true), % make input acceptable for read
ignoreops(false), % false so list will be printed as '[1,2]'
% !!! could be a problem with +, other opts.
numbervars(true), % print vars as f(A).
character_escapes(false),% write actual character, not \255
maxdepth(0)], % no depth limit

write term(term(Data), WriteParams),
write(' .),
% nl, nl,

% The preceding does not work between two Quintus agents
% (neither does a single nl, nor does it help to use nl(TcpOutput)),
% so we went to the following. However, the following does not work
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% when a QP facilitator sends to the C interface agent. For now,
% we'll solve this problem by defining the specialcasec format.
% (DLM, 97-04-09)

put(TcpOutput, 10),
% This causes the agents to disconnect (at least under UNIX):
% put(TcpOutput, 13),

flush output(TcpOutput),
set_output(CurrentOutput),

% name: com SelectEvent(+TimeOut, -Event)
% purpose: Waits and returns an incoming event, or 'timeout' if TimeOut expires
% remarks:

- TimeOut may be a real number, and represents seconds.

cornSelectEvent(0, Event) .- I,
onexception(E,tcpselect(Event), com_printerr(E)).

corn SelectEvent(Seconds, Event) .-
onexception(E,tcpselect(Seconds, Event) ,comprint_err(E)).

% name: comprinterr
% purpose: Print error message if problem reading the event

com_printerr(E)
format('-n----------- READ ERROR I---------------n', []),
format (' Messages in this block are rejected-n', [),
format('I by the system.-n', []),
format(, n-----------------------------------n', []),
printmessage(error, E),
form at ( ..' ......................... n, [] ) fail.

% name: com AddInfo
% purpose: Adds or changes information about connection
% remarks:
% Info may be status(S), type(T), protocol(P) or any element (or list
% of elements) to be stored in InfoList.

comAddInfo(ConnectionId, NewInfo)
retract(comconnection info(ConnectionId, Protocol, Type,

InfoList, Status)),
(NewInfo = status(NewStatus), C = true ; NewStatus = Status),
(NewInfo = protocol(NewProtocol), C = true ; NewProtocol = Protocol),
(NewInfo = type(NewType), C = true ; NewType = Type),
(NewInfo = [_HIT] ->

union((InfoList, NewInfo], NewInfoList)
I (ground(C) ; union([InfoList, [NewInfo]], NewInfoList))

assert(com connection info(ConnectionId, NewProtocol, NewType,
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NewInfoList, NewStatus)), !.

% name: com GetInfo
% purpose: Looks up information about connection
% remarks:
% Info may be status(S), type(T), protocol(P) or any element stored
% in InfoList.

comGetInfo(ConnectionId, Info)
comconnectioninfo(ConnectionId, Protocol, Type,

InfoList, Status),
(Info = status(Status)
Info = type(Type) ;
Info = protocol(Protocol)
memberchk(Info, InfoList)),

% name: com ResolveVariables
% purpose: Tries to instantiate the arguments by looking in the command
% line arguments, environment variables, and setup files
% inputs:

% VarList: A list of lists: the first sublist that completely resolves
provides the value for comResolveVariables.

% remarks:
% sublists may contain elements in the following format:

env(EnvVar, Val) : looks for "EnvVar" in environment vars
envint(EnvVar, Val) : Returns value for EnvVar as an integer
cmd(CmdVar, Val) : looks for "CmdVar <Val>" on command line
setup(File,SVar, Val) : reads SVar from setup file File

% example:
% resolves host and port by searching first commandline, then environment
% variables, finally reads setup file.

% comResolveVariables([
% [cmd('-oaahost',Host), cmd('-oaaport', Port)],
% [env('OAA HOST', Host), env int('OAAPORT', Port)],
% (setup('setup.pl',oaa_host, Host),
% setup('setup.pl',oaaport, Port))

J )

comResolveVariables([VarList_]) -

com resolve variables(VarList), I.
comResolveVariables([_VarListiRest))

comResolveVariables(Rest).

comresolve variables([]).

comresolvevariables([envint(EnvVar, Val)IRest) :-,

environ(EnvVar, EnvAtom),
name(EnvAtom, EnvChars),
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number chars(Val, EnvChars),
comresolve variables(Rest).

comresolvevariables([env(EnvVar, Val) IRestJ) .-
environ(EnvVar, Val),
corn resolve variables (Rest).

comresolvevariables([cmd(CmdVar, Val) Rest))
W get command line arguments
unix(argv(ListOfArgs)),
append(_, [CmdVar, Val1], ListOfArgs),
comresolve variables(Rest).

com resolve variables((setup(File,SVar, Val) Rest])
% read setup file to load all values
comread setupfile(File),
Pred =.. [SVar, Val),
onexception(_, Pred, fail),

comresolve variables(Rest).

% name: comreadsetupfile
% purpose: Finds and loads setup file
% remarks:
% Always succeeds.
% The search path for 'setup.pl' is as follows:
% 1. Current directory
% 2. Home directory for user

comread setup_file(File)
comalreadyloaded(File),

comread-setup_file(File) -
absolute file name(File, LocalSetupFile),
canopen_file(LocalSetupFile, read, fail) ->

SetupFile = LocalSetupFile

concat('-/',File, HomeName),
absolute file name(HomeName, UserSetupFile),
canopenfile(UserSetupFile, read, fail) ->

SetupFile = UserSetupFile

(ground(SetupFile) ->

format('Loading setup file:-n -w-n-n', (SetupFile]),
comconsult(SetupFile, _) ->
assert(comalreadyloaded(File))

otherwise ->
format('-w: A problem was encountered in loading the setup file-n',

['WARNING'])

I true).
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name: comconsult(+FilePath, -AbsFileName).
% purpose:
% remarks: We don't use Quintus' builtin consult, because it's too picky

about associating predicates with files.

comconsult(FilePath, AbsFileName)
absolute file name(FilePath, AbsFileName),
canopen file(AbsFileName, read, fail),
open(AbsFileName, read, Stream),
load clauses (Stream),
close (Stream).

% name: load clauses(+Stream).
% purpose:

load clauses(Stream)
repeat,
read term(Stream, [], Term),
(Term = ':-'(-Body) ->

true
Term = end of file ->

true
otherwise ->

loadclause(Term)

at end of file(Stream) ->

otherwise ->

fail

% name: load clause(+Term).
% purpose:

load clause(Term)
assert( Term )
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% File : liboaa.pl
% Primary Authors : Adam Cheyer, David Martin
% Purpose Prolog version of library for the Open Agent Architecture
% Updated 12/98

% Unpublished-rights reserved under the copyright laws of the United States.

% Unpublished Copyright (c) 1998, SRI International.
% "Open Agent Architecture" and "OAA" are Trademarks of SRI International.

% Note: internal functions use the naming convention oaafunctionname(),
while public predicates use oaa PublicPredicate().

% Version 2.0 (change oaa version assertion)
- corrects FromKS in do-events by changing event format to include this
info.

- messages are only sent to READY agents. For previous versions, an
agent may be either READY or just OPEN.

% Version 2.1 (change oaaversion assertion)
- triggers have 2 new arguments, OpMask and Template, and
more general semantics. Backwards compatibility is provided.

% Version 3.0 (change oaa version assertion)
% primitives changed to start with oaa_ (and _icl) prefixes
% Major restructuring and cleanup, including many new capabilities,
% for first public release (a.k.a. "OAA 2")

module(oaa,
(icl GetParamValue/2,
iclGetPermValue/2,
iclBasicGoal/l,
iclGoalComponents/4,
iclConsistentParams/2,
iclBuiltIn/1,
iclConvertSolvables/2,
oaaLibraryVersion/l,
oaa_Register/3,
oaa_RegisterCallback/2,
oaaResolveVariables/l,
oaa_Ready/l,
oaaMainLoop/l,
oaaSetTimeout/l,
oaaGetEvent/3,
oaaProcessEvent/2,
oaaInterpret/2,
oaaDelaySolution/l,
oaaReturnDelayedSolutions/2,
oaaAddDelayedContextParams/3,
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oaaPostEvent/2,
oaaCanSolve/2,
oaaVersion/3,
oaa_Ping/3,
oaa Declare/5,
oaaDeclareData/3,
oaa Undeclare/3,
oaaRedeclare/3,
oaaAddData/2,
oaaRemoveData/2,
oaa_ReplaceData/3,
oaaCheckTriggers/3,
oaa_AddTrigger/4,
oaa RemoveTrigger/4,
oaaSolve/2,
oaaInCache/2,
oaaAddToCache/2,
oaaClearCache/0,
oaaTraceMsg/2,
oaaComTraceMsg/2,
oaaInform/3,
oaaId/l,
oaaName/i
]).

%* RCS Header and internal version

% rcs version number
rcsid('$Header: /home/trestle4/OAA/src/V2/prolog/RCS/oaa.pl,v 1.127 1998/12/23
23:14:18 martin Exp cheyer $').

op(599,yfx,::).

% Include files

usemodule(library(basics)).
usemodule(library(read_sent)).
use module(library(lists)).
use module(library(sets)).
use module(library(strings)).
use module(library(files)).
use module(library(environ)). % read environment vars
use module(library(ctr)).
usemodule(library(charsio)). % for sprintf and with outputtochars
usemodule(library(ask)). % for askoneof
use module(library(samsort)). % for samsort(Ordered,Raw,Sort)
usemodule(library(date)). % for now(Time)

usemodule(library(tcp), (tcpnow/l, tcp_timeplus/3]).

% IMPORTANT: COM module. We don't want to hard code the name of the
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file that contains module 'com'. So, when this file is loaded,
we first check to see if module 'com' is already present, then
we check to see if the file containing 'com' has been specified
on the command line, and if neither of those works, we load the
default file (./com-tcp).

% In the case where the module has already been
% loaded, the following seems like the right thing to do:

:- use module(com, _File, all).
% BUT when compiling, this approach results in "undefined"
% qcon. Thus, for now, in oaa.pl, we are explicitly using
% calls to the com module.

currentpredicate(_ , com:_) ->

usemodule(com, _File, all)
I unix(argv(ListOfArgs)), append(_, ['-com', File _

use module(File, all)
otherwise ->

use module(comtcp, all)

errors from
com: with all

ListOfArgs) ->

%***** ********* ******** W****** * *********** ** **W** *W* **** * *

% Global variables

- dynamic
oaaalreadyloaded/l

oaa_solvables/i,
oaa_trigger/5,

oaatrace/i,
oaa_comtrace/i, %
oaa debug/l,
oaacache/2,
oaa_eventbuffer/i,
oaawaiting for/2,
oaawaitingevent/l,
oaatimeout/i,
oaa delaytable/5,
oaa delay/2,
oaadataref/3,
oaacurrentcontexts
oaacallback/2,

% These may appear in setup.
oaahost/i,

oaa_port/l.

% record if file already loaded
% list of agent capabilities
% a built-in solvable

% trace mode: on or off
comtrace mode: on or off

% debug mode: on or off
% cached solutions
% buffer of waiting events
% used for recursive blocking solve
% problem...
% tcp timeout value (use oaaSetTimeout)
% table of delayed solutions
% the current goal is delayed
% bookkeeping for 'data' solvables

;/2, % Solve parameters to be propagated
% Record of app-specific callbacks

pl:
% for root, my host; otherwise,

% host of my parent
% ... similarly ...

oaaLibraryVersion(3.0).

% solvables shared by all agents
% Note: all built-in DATA solvables must be declared dynamic to avoid
% QP warnings and exceptions.

oaa built in solvables([
% @@DLM: If we do away with TriggerId, we could use param
% unique values(true).
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solvable(oaa-trigger(_TriggerId, _Type, _Condition, _Action, _Params),
[type(data)], [write(true)])

).

% We'll always have exactly one oaa solvables fact. Note that application
% code should NOT include a declaration or clause for oaasolvables/l.
oaa solvables([]).

% Initialization and connection functions

% name: oaaRegister
% purpose: Once a comm link is established, either as a client to a Facilitator
% or as a server for other agents, oaaRegister will setup and registration
% information for this agent.
% inputs:

- ConnectionId: the symbolic connection Id (client or server connection)
- AgentName: the name of the agent
- Solvables: solvable list

% remarks:
% The following information is stored about the current connection,
% accessible through comGetInfo(ConnectionId, Info):

% oaa name(Name) : the name of the current agent
% oaa id(Id) : the Id for the agent
% connection(C) : system-level communications handle
% (e.g., socket number)

% if connecting as client, this is also available:
% fac id(Id) : the Facilitator's Id
% fac name(Name) : the Facilitator's name
% faclang(L) : the Facilitator's language

facversion(V) : the version of the Facilitator's agent library

% In addition, the following predicates are written to parent Facilitator,
% or locally if the ConnectionId is a server connection:

% agent host(Id, Name, Host)

% Solvables are also written using oaaDeclare()

% It is possible for an agent to create both server and client connections:
% such an agent was classified in OAA 1.0 as an agent of class "node"
% (as opposed to a pure client "leaf" or pure server "root").

% examples:
% % connecting to a Facilitator
% MySolvables = [do(something)],
% com Connect(parent, ConnectionInfo),
% oaa Register(parent, myagentname, MySolvables).

% % connecting as a Facilitator
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MySolvables = [1,
comListenAt(incoming, ConnectionInfo),
oaaRegister(incoming, root, MySolvables).

% For client connecting to Facilitator
oaa_Register(ConnectionId, AgentName, Solvables)

% succeeds only if exists an open client connection for ConnectionId
% as created by com Connect()
com:comconnectioninfo(ConnectionId, _Protocol, client, _Info,

connected),

com:comAddInfo(ConnectionId, oaa name(AgentName)),

% FIXED HACK: default now works thanks to update in comtcp.pl for
% the default mode
% HACK!!! Why doesn't this work right without it?
% for some reason, when we send the handshaking info in
% default mode (instead of quintus_binary), the facilitator's
% tcpselect(VerySmallTimeout, Event) doesn't timeout!!!!
% So it keeps hanging until some other event (such as disconnect)
% arrives.
com:comAddInfo(ConnectionId, format(default)),

% lookupversion number
oaa_LibraryVersion(Version),

%%% handshaking with Facilitator -- exchange information...
% note: for this first communication, no format is defined for the
% connection, so it will be sent using default (ascii) format.
% Information coming back from Facilitator will update the
% format() field for the connection, improving future
% communication.
com:com SendData(ConnectionId,

event(evconnect([oaa_name(AgentName), agentlanguage(prolog),
format(quintus_binary), agent version(Version)]), (])),

%% Get the connection acknowledgement:
% potential bug: what if selected event is NOT from FacId connection?
oaaGetEvent(ConnEvent, _Parms, 0),
ConnEvent = ev connected(FacInfoList),
com:com AddInfo(ConnectionId, FacInfoList),

oaa_Id(MyId),

% write host
environ('HOST', MyHost) ->

oaa AddData(agenthost(MyId, AgentName, MyHost), (address(parent)])
I true),

% Declare solvables (and post to parent facilitator):
% Note: OK if Solvables = [].
oaaDeclare(Solvables, (], (], [ifexists(overwrite)J, _).

% For Faciliator serving client agents
oaa_Register(ConnectionId, AgentName, Solvables)
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% succeeds only if exists an open client connection for ConnectionId
% as created by com Connect()
com:comconnectioninfo(ConnectionId, _Protocol, server, _Info,

connected),

AgentId = 0, % A facilitator's ID is always 0
com:comAddInfo(ConnectionId, [oaaid(AgentId),oaa name(AgentName)]),

% The fac. records its own agent_data in the same way as its clients'.
% Note that we can't call oaa add data local until after the solvables
% have been declared, and we can't declare solvables until we're
% open - so we have to bootstrap this assertion:
oaaassertz(agentdata(AgentId, open, [), AgentName), AgentId, _),

% Note: OK if Solvables = [1.
oaaDeclare(Solvables, (1, [H, [if exists(overwrite)], ),

% write host
environ('HOST', MyHost) ->

oaaadddatalocal(agent-host(AgentId, AgentName, MyHost), [)
true).

% name: oaa ResolveVariables(+VariableList)
% purpose: Tries to instantiate the arguments by looking in the command
% line arguments, environment variables, and setup files
% inputs:

- VarList: A list of lists: the first sublist that completely resolves
provides the value for oaaResolveVariables.

% remarks:
% sublists may contain elements in the following format:

env(EnvVar, Val) : looks for "EnvVar" in environment vars
env int(EnvVar, Val) : Returns value for EnvVar as an integer
cmd(CmdVar, Val) : looks for "CmdVar <Val>" on command line
setup(SVar, Val) : reads SVar from setup file

% example:
% resolves host and port by searching first commandline, then environment
% variables, finally reads setup file.

oaaResolveVariables([
[cmd('-oaahost',Host), cmd('-oaaport', Port)],

[env('OAA HOST', Host), env int('OAA PORT', Port)),
(setup(oaahost, Host), setup(oaa_port, Port))

oaaResolveVariables([VarList I]) .-
oaa resolve variables(VarList), I.

oaaResolveVariables([_VarListiRest))
oaaResolveVariables(Rest).

oaa resolve variables([]).

oaa resolvevariables([envint(EnvVar, Val) Rest]) :-
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environ(EnvVar, EnvAtom),
name(EnvAtom, EnvChars),
number chars(Val, EnvChars),
oaa resolve variables(Rest).

oaa resolvevariables((env(EnvVar, Val) Rest]) -,
environ(EnvVar, Val),
oaa resolve variables(Rest).

oaaresolvevariables((cmd(CmdVar, Val) Rest])
% get command line arguments
unix(argv(ListOfArgs)),
append(_, [CmdVar, Vall_1, ListOfArgs),
oaa resolve variables(Rest).

oaa resolvevariables([setup(SVar, Val) Rest])
% read setup file to load all values
oaa_readsetupfile,
Pred =.. [SVar, Val],
onexception( , Pred, fail),

oaa resolve variables(Rest).

% name: oaareadsetupfile
% purpose: Finds and loads setup file
% remarks:
% Always succeeds.
% The search path for 'setup.pl' is as follows:
% 1. Current directory
% 2. Home directory for user

oaaread setup_file
oaa_alreadyloaded(setup), I.

oaa read setup_file :-
absolute file name('setup.pl', LocalSetupFile),
can open_file(LocalSetupFile, read, fail) ->

SetupFile = LocalSetupFile
absolute file name('-/setup.pl', UserSetupFile),
canopen file(UserSetupFile, read, fail) ->

SetupFile = UserSetupFile

(ground (SetupFile) ->

format('Loading OAA setup file:-n -w-n', [SetupFile]),
oaa_consult(SetupFile, _) ->
assert(oaaalready loaded(setup))

otherwise ->
format('-w: A problem was encountered in loading the setup file-n',

['WARNING'])

true).
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% name: oaaReady
% purpose: Changes the agent's 'open' status to 'ready', indicating that the
% agent is now ready to receive messages.
% remarks:
% if requested, prints 'Ready' to standard out.

oaa_Ready(ShouldPrint)

% replaces 'open' status with 'ready'.
M+ oaaclass(root), oaaName(MySymbolicName)) ->

oaaPostEvent(ev-ready(MySymbolicName), [])
I true),

% if ShouldPrint, print ready
(on exception(_,ShouldPrint,fail) ->

format('Ready.-n', [])
I true).

W******WW** **************************W* ***W**** *W**** * ***WW*******

% Classifying and Manipulating ICL expressions

% name: icl BuiltIn(+Goal).
% purpose: Test whether an expression is an ICL built-in goal.
% remarks:

- icl BuiltIn differs significantly from the Quintus Prolog predicate
builtin, in that here we do not include basic constructors such
as ',' and ';'.

- oaaInterpret/2 must be defined for every goal for which
icl BuiltIn succeeds.

iclBuiltIn((_A = _B)).
iclBuiltIn((_A == _B)).
iclBuiltIn((_A \== _B)).
iclBuiltIn((_A =< _B)).
iclBuiltIn((_A >= _B)).
iclBuiltIn((_A < _B)).
icl BuiltIn(C_A > _B)).
icl BuiltIn(member( , )
icl BuiltIn(memberchk( .
icl BuiltIn(findall( )).
iclBuiltIn(iclConsistentParams(_, )).

% name: icl BasicGoal(+Goal).
% purpose: Test whether an expression is an ICL basic (non-compound) goal;
% that is, just a functor with 0 or more arguments.
% remarks:
% - Basic goals include built-in's as well as solvables.

- This is a syntactic test; that is, we're not checking whether the
Goal is a declared solvable.
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iclBasicGoal(Goal)
var(Goal), !, fail.

iclBasicGoal(Goal) :-
is list(Goal), I, fail.

iclBasicGoal(Goal) :-
icl compound-goal(Goal), !, fail.

iclBasicGoal(Goal) :-
iclBuiltIn(Goal),
I.

iclBasicGoal(Goal)
Goal =.. [Functor I _

atom(Functor).

% name: icl_compoundgoal(+Goal).
% purpose: Test whether an expression is an ICL compound goal.

icl_compoundgoal(X: _Y).
icl_compound-goal (X::_Y).
icl_compoundgoal ( (\+ _P)).
icl_compound-goal((P -> _Q ; _R)).
icl_compound-goal((_P -> Q)).
icl_compoundgoal((_X, _Y)).
icl_compound-goal(( X ; _Y)).

% name: iclGoalComponents%+ICLGoal, -A, -G, -P).
% niclGoalComponents(-ICLGoal, +A, +G, +P).
% iclGoalComponents(+ICLGoal, +A, +G, +P).
% purpose: Assemble, disassemble, or match against the top-level components
% of an ICL goal.
% remarks:
% - The top-level structure of an ICL goal is Address:Goal::Params,
% with Address and Params BOTH OPTIONAL. Thus, every ICL goal
% either explicitly or implicitly includes all three components.
% - This may be used with any ICL goal, basic or compound.
% - When P is missing, its value is returned or matched as [I . When A is
% missing, its value is returned or matched as 'unknown'.

% The first 4 clauses handled all cases where the ICL Goal is bound;
% the remainder handle those where it is a var.
iclGoalComponents(A:G::P, Address, Goal, Params)

\+ var(A), \+ var(G), \+ var(P),

Address = A, Goal = G, Params = P.
iclGoalComponents(A:G, Address, Goal, Params)

\+ var(A), \+ var(G),

Address = A, Goal = G, Params = [.
iclGoalComponents(G::P, Address, Goal, Params)

\+ var(G), \+ var(P),

Address = unknown, Goal = G, Params = P.
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iclGoalComponents(G, Address, Goal, Params)
\+ var(G),

Address = unknown, Goal = G, Params = []
iclGoalComponents(Goal, unknown, Goal, [])

iclGoalComponents(Address:Goal, Address, Goal, (])

iclGoalComponents(Goal::Params, unknown, Goal, Params)

iclGoalComponents(Address:Goal::Params, Address, Goal, Params)

% Permissions and parameter lists

% These procedures are used in processing solvables permissions, and
% parameter lists of all kinds (including those used with solvables,
% those contained in events, and those used in calls to various
% library procedures).

% All permissions and many parameters have default values.

% Permissions and parameters lists have a standard form, as defined by
% the predicates below. To save bandwidth and promote readability, a
% "perm" or "param" list in standard form OMITS default values. For
% easier processing (e.g., comparing/merging param lists), boolean
% params in standard form always include a single argument 'true' or
% 'false'.

% In definitions of solvables and calls to documented library
% procedures, it's OK to include default params in a Params list, if
% desired. For boolean params, when the intended value is 'true', it's
% OK just to specify the functor, for example, instead of
% cache(true), it's OK just to include 'cache'.

% iclstandardizeperms(+Perms, +KeepDefaults, -Standardized).

iclstandardize_perms([], _KeepDefaults, [1).
icl standardizeperms((Perm I Perms], KeepDefaults, [SPerm I SPerms])

iclperm standardform(Perm, SPerm),
KeepDefaults ; (\+ iclperm default(SPerm)) ),

iclstandardizeperms(Perms, KeepDefaults, SPerms)
icl_standardizeperms([Perm Perms), KeepDefaults, SPerms)

icl_standardize-perms(Perms, KeepDefaults, SPerms):

iclpermstandardform(Perm, SPerm)
atom(Perm),
I,

SPerm =.. [Perm, true].
iclpermstandardform(Perm, Perm).

iclpermdefault(call(true)).
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icl_permdefault(read(false)).
icl_permdefault(write(false)).

% iclstandardizeparams(+Params, +KeepDefaults, -Standardized).

% Normally there's no need to keep the default value of a param,
% but there are exceptional situations. If KeepDefaults is true,
% default values are kept.

iclstandardizeparams([], _, [J)
iclstandardizeparams([Param I Rest), KeepDefaults, AllStandardized)

iclparamstandardform(Param, FullStandardized),
KeepDefaults ->
Standardized = FullStandardized
otherwise ->
iclremovedefaultparams (FullStandardized, Standardized)

iclstandardize-params(Rest, KeepDefaults, RestStandardized),
append(Standardized, RestStandardized, AllStandardized).

% iclparam standardform(+Param, -StandardParams).

% Maps from an element of a parameter list to a list of elements
% in standardized form. The parameter list element can be from
% any context (from a call to Solve, AddTrigger, AddData, etc.).

iclparamstandardform(reply(false), [reply(none)])

% broadcast has been retained, as a synonym for reply(none):
iclparamstandardform(broadcast, [reply(none)).

iclparamstandard-form~broadcast(true), [reply(none)])

iclparamstandardform(broadcast(false), [reply(true)])

iclparamstandardform(address(Addr), [address(SAddr)])

icl standardize address(Addr, SAddr).
iclparamstandardform(strategy(query), [parallelok(true)])

iclparamstandard form(strategy(action),
[parallelok(false), solution limit(l)])

iclparamstandard form(strategy(inform),
[parallelok(true), reply(none)])

iclparamstandardform(callback(Mod:Proc), [callback(Mod:Proc)])
I.

icl_paramstandardform(callback(Proc), [callback(user:Proc)])

iclparamstandardform(Param, [SParam])
atom(Param),

SParam =.. (Param, true].
iclparamstandardform(Param, [Param]).

iclparamdefault(from(unknown)).
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iclparamdefault(priority(5)).
iclparamdefault(utility(5)).
iclparamdefault(ifexists(append)).
iclparamdefault(type(procedure)).
iclparamdefault(private(false)).
iclparamdefault(single value(false)).
iclparamdefault(unique values(false)).
iclparamdefault(rulesok(false)).
iclparamdefault(bookkeeping(true)).
iclparamdefault(persistent(false)).
iclparamdefault (at_beginning(false)).
iclparamdefault(doall(false)).
iclparamdefault (reflexive (true)).
iclparamdefault (parallel_ok (true)).
iclparamdefault(reply(true)).
iclparamdefault(block(true)).
iclparamdefault(cache(false)).
iclparamdefault(flushevents(false)).
iclparamdefault(recurrence(when)).

icl removedefaultparams([], [1).
iclremovedefaultparams([Param I Rest], Removed)

iclparamdefault(Param),

iclremovedefaultparams(Rest, Removed).
iclremove_defaultparams([Param I Rest], [Param I Removed])

iclremovedefaultparams(Rest, Removed).

% iclGetParamValue(+Param, +ParamList).

% Param must have a functor, but its argument(s) can be either ground
% or variables. E.g., persistent(X).

% To get or test the value of a parameter that has a default, it is
% best to call icl GetParamValue. For a parameter that has no default,
% you can use iclGetParamValue OR memberchk.

icl GetParamValue(Param, ParamList)
predicateskeleton(Param, Skel),
memberchk(Skel, ParamList),

Skel = Param.
iclGetParamValue(Param, _ParamList)

predicateskeleton(Param, Skel)
iclparam default(Skel),

Skel = Param.

iclGetPermValue(Perm, PermList)
predicateskeleton(Perm, Skel),
memberchk(Skel, PermList),

Skel = Perm.
iclGetPermValue(Perm, _PermList)

predicateskeleton(Perm, Skel),
iclperm default(Skel),
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Skel = Perm.

% name: icl ConsistentParams(+Test, +ParamList)
% purpose: Often used in solvable declarations to filter on a certain
% condition.
% definition:
% Test a param list: if one or more values are given in a parameter
% list for parameter ParamName, then ParamValue must be defined as
% one of the values to succeed. If ParamValue is NOT defined, then
% icl ConsistentParams succeeds.
% example:
% A natural language parser agent can only handle English definitions:

convert(nl, icl,Input,Params,Output)
icl ConsistentParams (language (english) ,Params).

% if "language(english)" is defined in parameter list of a solve request,
the nl agent will receive the request.

% if "language(spanish)" is defined in the parameter list, the nl agent
% WILL NOT receive the request.
% if no language parameter is specified, the request WILL be sent
% if "language(X)" is specified, the request WILL be sent to the nl agent
% remarks:

- Test may contain either a single predicate or a list of test predicates,
in which case icl ConsistentParams will execute all consistency tests.

- Interesting note: icl ConsistentParams() checks consistency as a
relation between the two arguments, so it doesn't matter which argument
specifies the test list and which the parameters to test.

iclConsistentParams(_TestList, [])
icl ConsistentParams([], ParamList)
icl-ConsistentParams([TestIRTest], (PlIRParams]) :- ,

ParamList = (PlIRParams],
predicateskeleton(Test, TestWithVars),
(memberchk(TestWithVars, ParamList) ->

memberchk(Test, ParamList)
I true),
icl ConsistentParams(RTest, ParamList).

% either Test or Params is NOT a list
icl ConsistentParams(Test, Param)

(Test = U-] ->
NewTest = Test

I NewTest = [Test]),
(Param = I-] ->

NewParam = Param

I NewParam = [Paraml),
iclConsistentParams(NewTest, NewParam).

% Agent identity and addressing

% Every agent (including facilitators) has a symbolic name, a full address,
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% and a local address (or "local ID"). A full address has the form:
% addr(tcp(HostPort)) for a facilitator (if TCP is protocol)
% addr(tcp(Host,Port), LocalID) for a client agent.

% Even though it doesn't appear in the full address, a facilitator also
% has a local ID, for consistency and convenient reference. The
% local ID of a client agent is assigned to it by its facilitator.
% This, and the facilitator's local ID, are passed to the client at
% connection time.

% Full addresses are globally unique, and local addresses are unique with
% respect to a facilitator. Symbolic names are NOT unique in any sense.

% The local ID happens to be an integer, but developers should not rely
% on this.

% When specifying addresses, in address/l params for calls to
% oaaAddData, oaaSolve, etc., either names or addresses may be used.
% In addition, for convenience, reserved terms 'self', 'parent', and
% 'facilitator' may also be used.

% More precisely, the address parameter may contain any of the following:
% a full address; a local ID (when the addressee is known to be either
% the facilitator or a peer client); a name, enclosed in the name/l functor;
% 'self'; 'parent'; or 'facilitator'. ('parent' and 'facilitator are
% synonymous.)

% Address parameters are standardized as follows: A full address for the
% local facilitator or a peer client is changed to the local ID; all
% other full addresses are left as is. Names are left as is. 'self',
% 'parent', and 'facilitator' are changed to the appropriate local ID.

% This can only be used AFTER oaa SetupCommunication has been called,
% because of the reliance here on com:comconnectioninfo/5.

icl standardize address(Addr, SAddr)
\+ is list(Addr),

icl standardize address((Addr], SAddr).
icl standardize address([], (J).
icl standardizeaddress((Addr I Addrs], [SAddr I SAddrs])

icl standardize addressee(Addr, SAddr),

iclstandardize-address(Addrs, SAddrs).
icl standardize address([_Addr Addrs], SAddrs)

iclstandardizeaddress(Addrs, SAddrs).

icl standardize addressee(addr(Addr), ParentId)
com:comGetInfo(parent, addr(Addr)),
com:comGetInfo(parent, facid(ParentId)),

icl standardize addressee(addr(Addr), addr(Addr))

icl standardize addressee(addr(Addr, LID), LID)
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com:comGetInfo(parent, addr(Addr)),

icl standardize addressee(addr(Addr, LID), LID)
com:comGetInfo(incoming, addr(Addr)),

iclstandardize addressee(addr(Addr, LID), addr(Addr, LID))

icl standardize addressee(name(Name), name(Name))

icl name(Name).
iclstandardize addressee(Name, name(Name))

icl name (Name),
I,
format('-w (-w): addressee name, in address/i param, should be specified

as:-n name(-w)~n' ,
('WARNING', 'liboaa.pl', Name]).

icl standardize addressee(Id, TrueId)
icltrueid(Id, TrueId),

iclstandardize addressee(Whatever, _)
format('-w (-w): Illegal addressee, in address/i param, discarded:-n -w-n',

['WARNING', 'liboaa.pl', Whatever]),
fail.

icl true id(self, Me)
I ,

oaa Id(Me).
icltrue id(parent, Parent)

com:com GetInfo(parent, fac id(Parent)).
icltrueid(facilitator, Parent)

com:comGetInfo (parent, facid(Parent)).
icltrueid(Id, Id)

iclid(Id).

icl id(Num) •-
integer (Num),
Num >= 0.

icl name (self)
!, fail.

icl_name(parent)
1, fail.

icl name(facilitator)
!, fail.

icl name(Atom)
atom (Atom).

%%name: i% ConvertSolvables(+ShorthandSolvables, -StandardSolvables)
iclConvertSolvables(-ShorthandSolvables, +StandardSolvables).

% purpose: Convert between shorthand and standard forms of solvables list.
% remarks:

- In the standard form, each element is a term solvable (Goal,
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Params, Permissions), with Permissions and Params both lists.
In the Permissions and Params lists, values appear only when they
are OTHER than the default.

- In the shorthand form, each element can be solvable/3, as above,
or solvable(Goal, Params), or solvable(Goal), or just Goal.

- Note that "shorthand" means "anything goes" - so shorthand
solvables are a superset of standard solvables.

- Permissions (defaults in square brackets):
call(TF) [true], read(TF) [false), write(T_F) [false]

- Params (defaults in square brackets):
type(DataProcedure) [procedure],
callback(Functor) [no default]
utility(N) [5]
synonym(SynonymHead, RealHead) [none)
rulesok(TF) [false],
single value (TF) [false],

uniquevalues(TF) [false],
private (T_F) [false]
bookkeeping (T_F) [true]
persistent( T_F) [false]

- Refer to Agent Library Reference Manual for details on Permissions
and Params.

- (@@DLM) This might be the place to check the validity of solvables,
such as using only built-ins in tests. Also, check for dependencies
between solvables; e.g., when persistent(false) is there,
bookkeeping(true) must also be there.

icl ConvertSolvables(ShorthandSolvables, StandardSolvables) -

var(StandardSolvables),

iclstandardize-solvables(ShorthandSolvables, StandardSolvables)
iclConvertSolvables(ShorthandSolvables, StandardSolvables) -

icl readable solvables(StandardSolvables, ShorthandSolvables).

t icl standardize solvables(+ShorthandSolvables,
% -StandardSolvables).

icl standardize solvables([], []).
icl standardize solvables([Shorthand I RestSH], [Standard I RestStan])

icl standardize solvable(Shorthand, Standard),
icl standardize solvables(RestSH, RestStan).

% icl standardize solvable(+Shorthand, -Standard).
icl standardize solvable(solvable((Goal :- Test), Params, Perms), Standard)

append([test(Test)], Params, NewParams),
icl standardize solvable(solvable(Goal, NewParams, Perms), Standard).

iclstandardize solvable(solvable((Goal :- Test), Params), Standard)

iclstandardize solvable(solvable(Goal, [test(Test) I Params], []),
Standard).

iclstandardize solvable(solvable((Goal :- Test)), Standard)

icl standardize solvable(solvable(Goal, [test(Test)], []), Standard).
icl standardize solvable((Goal :- Test), Standard) -

iclstandardize solvable(solvable(Goal, [test(Test)] , []), Standard).
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iclstandardize solvable(solvable(Goal, Params, Perms),
solvable(Goal, NewParams, NewPerms))

iclstandardize-params(Params, false, NewParams),
iclstandardizeyPerms(Perms, false, NewPerms).

icl standardize solvable(solvable(Goal, Params),
solvable(Goal, NewParams, []))

I ,

iclstandardizejparams(Params, false, NewParams).
icl standardize solvable(solvable(Goal), solvable(Goal, (], []))
iclstandardize solvable(Goal, solvable(Goal, [], (1))

% icl readable solvables(+StandardSolvables,
% -ShorthandSolvables).
% This is provided for use in "pretty-printing" solvables, in trace
% messages, etc.

icl readable solvables([], ])
iclreadablesolvables([Standard I RestStan], [Shorthand I RestSh])

icl readable solvable(Standard, Shorthand),
icl readable solvables(RestStan, RestSh).

% icl readable solvable(+Standard, -Shorthand).
iclreadablesolvable(solvable(Goal, (1, []), Goal) -

iclreadablesolvable(solvable(Goal, Params, [1), solvable(Goal, Params)) -.

icl readable solvable(solvable(Goal, Params, Perms),
solvable(Goal, Params, Perms))

% name: icl minimallyinstantiatesolvables(+ShorthandSolvables,
% -MinimalSolvables).
% purpose: Convert from shorthand (or standard form) to minimally instantiated
% solvables list.
% remarks: This is special-purpose. It's used to massage a list of solvables
% that are to be UNdeclared, to make sure each of them will unify
% with some existing solvable. Perms and Params are completely
% ignored in the unification; only the Goal is relevant. So each
% minimally instantiated solvable is simply solvable(Goal, , ).
% Note that "shorthand" means "anything goes" - so shorthand
% solvables are a superset of standard solvables.

% icl_minimallyinstantiatesolvables(+ShorthandSolvables,
% -Solvables).

icl minimallyinstantiatesolvables([], []).
iclminimallyinstantiatesolvables([Shorthand I RestSH],

[Minimal I RestMin]) :-
iclminimallyinstantiatesolvable(Shorthand, Minimal),
iclminimallyinstantiatesolvables(RestSH, RestMin).

% icl-minimallyinstantiatesolvable(+Shorthand, -Minimal).
iclminimallyinstantiatesolvable(solvable((Goal :- _Test), Params, Perms),

Minimal)

iclminimallyinstantiatesolvable(solvable(Goal, Params, Perms),
Minimal).

icl minimallyinstantiatesolvable(solvable((Goal :- _Test), Params),
Minimal) :-
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icl _minimallyinstantiatesolvable(solvable(Goal, Params, []), Minimal).
iclminimally_instantiatesolvable(solvable((Goal :- _Test)), Minimal)

i, _minimally instantiate solvable(solvable(Goal, minimal)
iclminimally_instantiatesolvable((Goal :-_-Test), Minimal)

icl minimallyinstantiatesolvable(solvable(Goal, Minimal).
iclminimally_instantiatesolvable(solvable(Goal, _Params, _Perms),

solvable(Goal,_,_)

icl minimally_instantiate solvable(solvable(Goal, _Params),
solvable(Goal, , ))

icl minimally_instantiatesolvable(solvable(Goal), solvable(Goal,_,_
iclminimally_instantiatesolvable(Goal, solvable(oal,_m)

% name: oaa goal matches-solvables(+Goal, +Solvables,
% -RealGoal, -MatchedSolvable).
% purpose: Determine whether a call to Goal is handled by the agent with
% these Solvables.
% arguments:

- Goal must be non-compound (basic) to match: no address, no params,
no subgoals.

- Solvables must be in standard form.
- RealGoal is what should actually be called, after taking synonyms
into account.

% - MatchedSolvable is the solvable record corresponding to RealGoal.
% remarks:

- A solvable's params may contain a single test, but it can
be compound:
solvable(g(X), [test((X > 1,X < 10))], [..]).
Tests should contain only prolog builtins.

- Any solvable can be a synonym of another solvable (including a
synonym of a synonym), but eventually there must be a non-synonym
solvable. Synonyms must be used with care. If predicate A
is synonymed to predicate B, there must be a solvable for clause B,
for A to be usable.

- When a predicate A is synonymed to predicate B, all other params
and all permissions associated with A are ignored.

- Uses would unify (and \+ \+) so that any variables in the goal are
not bound by the solvable, thereby unnecessarily constraining query
I forget why: I think it was because we had some problems
matching solutions coming back. However, this has an unusual
side effect: if your solvable is t(6) and your query is t(X),
the query arrives at the agent as t(X), not t(6), which might
be unexpected. Look into this more someday...

- However, when Goal is a synonym, variables in the synonym param DO
get unified correctly.

oaagoalmatchessolvables(Goal, Solvables, RealGoal, RealMatched)
oaa built in solvables(BuiltIns),
append(BuiltIns, Solvables, AllSolvables),
oaagoal in solvables(Goal, AllSolvables, Matched),
Matched = solvable(-, Params, _),
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% See if Goal is a synonym predicate
iclGetParamValue(synonym(Goal, SynGoal), Params) ->

oaagoalmatchessolvables(SynGoal, Solvables, RealGoal, RealMatched)
otherwise ->

RealGoal = Goal,
RealMatched = Matched

% name: oaagoal in solvables(+Goal, +Solvables, -MatchedSolvable).
% purpose: Determine whether a call to Goal is handled by the agent with
% these Solvables.
% purpose: Determine whether Goal appears in Solvables, with
% appropriate Params and Perms for it to be called.
% arguments:

- Goal must be non-compound (basic) to match: no address, no params,
no subgoals.

- Solvables must be in standard form.
% remarks:

- Should not be called directly; only by oaagoalmatches solvables.

oaagoalin solvables(Goal, [solvable(Gl,Params,Perms) I _Rest],
solvable(Gl,Params,Perms))

wouldunify(Goal, Gi),
iclGetParamValue(synonym(Goal, _RealGoal), Params),

oaagoalin solvables(Goal, [solvable(Gl,Params,Perms) I _Rest],
solvable(Gl,Params,Perms))

would_unify(Goal, Gl),
icl GetPermValue(call(true), Perms),

icl GetParamValue(test(T), Params) ->

\+ \+ oaaInterpret((Goal = GI, T), [)
otherwise ->

true

oaagoalin solvables(Goal, [_IRest], Matched)
oaagoal in solvables(Goal, Rest, Matched).

% name: oaa data matches solvables(+Clause, +Solvables, +Perm
% -RealClause, -MatchedSolvable).
% purpose: Determine whether Clause can be read or written by the agent with
% these Solvables, and return the "real" form of the clause that
% takes synonyms into account.
% arguments:

- Clause must be non-compound (basic) to match: no address, no params,
no subClauses.

- Solvables must be in standard form.
Perm is 'read' or 'write'.

- RealClause is what should actually be used (asserted, retracted,
replaced).

- MatchedSolvable is the solvable record corresponding to RealClause.
% remarks:
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% "Writing" means making an assertion.
% "Reading" is different than "calling". "Reading" is retrieving the
% definition clauses of a predicate (including the bodies, if any).
% Reading is not currently supported by any library procedures.
% Any solvable can be a synonym of another solvable (including a
% synonym of a synonym), but eventually there must be a non-synonym
% solvable. Synonyms must be used with care. If predicate A
% is synonymed to predicate B, there must be a solvable for clause B,
% for A to be usable.
% When a predicate A is synonymed to predicate B, all other params
% and all permissions associated with A are ignored.

oaa data matches solvables(Clause, Solvables, Perm, RealClause, RealMatched)
oaa built in solvables(BuiltIns),
append(BuiltIns, Solvables, AllSolvables),
oaa data in solvables(Clause, AllSolvables, Perm, Matched),
Matched = solvable( , Params, ),

Clause = (Head :- Body) ->

true
otherwise ->

Head = Clause

% See if Clause is a synonym predicate
icl GetParamValue(synonym(Head, SynHead), Params) ->

Clause = (Head :- Body) ->
SynClause = (SynHead :- Body)

otherwise ->
SynClause = SynHead

oaa data matches solvables(SynClause, Solvables, Perm,
RealClause, RealMatched)

otherwise ->
RealClause = Clause,

RealMatched = Matched

% name: oaa data in solvables(+Clause, +Solvables, +Perm, -MatchedSolvable).
% purpose: Determine whether (the Head of) Clause appears in Solvables, with
% appropriate Params and Perms for it to be read or written.
% arguments:

- Clause must be non-compound (basic) to match: no address, no params,
no subClauses.

- Solvables must be in standard form.
% remarks:

- Should not be called directly; only by oaa data matches solvables.

oaadata in solvables(Clause, [solvable(Gl,Params,Perms) I -Rest], _Perm,
solvable(Gl,Params,Perms) )

Clause = (Head :- -Body) ->

true
otherwise ->

Head = Clause

wouldunify(Head, Gl),
iclGetParamValue (synonym (Head, _RealHead), Params),
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% @@DLM: OK, so it's a synonym, but shouldn't we check
% the permissions and type(data) for the referenced solvable?

oaa data in solvables(Clause, [solvable(Gl,ParamsPerms) _ Rest], Perm,
solvable(Gl,Params,Perms) ) -

icl GetParamValue(type(data), Params),
Clause = (Head :- Body) ->

icl GetParamValue( rules ok(true), Params)
otherwise ->
Head = Clause

wouldunify(Head, Gl),
Perm == write ->
iclGetPermValue(write(true), Perms)

otherwise ->
iclGetPermValue (call (true), Perms)

oaadata in solvables(Clause, [_IRest], Perm, Matched)
oaa data in solvables(Clause, Rest, Perm, Matched).

%W*WW*W**W** ******** *********************W*WW**W*** ***** *W**

% Retrieving and managing events
%W*WW**W*************W*******WW****W** ** ***W****************

% name: oaaMainLoop
% purpose: The main event loop for the application.
% Reads an event, executes (interprets) it,
% checks on receive triggers for the event,
% checks any application-dependent triggers,

oaaMainLoop(ShouldPrint)

oaaReady(ShouldPrint),

repeat,
oaa GetEvent(Event, Params, 0),
oaa ProcessEvent(Event, Params),

fail.

% name: oaa ProcessEvent
% purpose: Interprets an incoming event

- For a timeout, checks task triggers and calls user's idle procedure
- Otherwise, oaa_Interprets the event, checks onreceive comm
triggers, and then checks task triggers.

oaaProcessEvent(timeout, _Params) -

oaa_CheckTriggers(task, , ), ,
oaacallcallback(appidle, _, [1).

oaaProcessEvent(Event, Params) :-

21

DISH, Exh. 1008, p. 222

Petitioner Microsoft Corporation - Ex. 1008, p. 1383



( oaa_Interpret(Event, Params) -> true I true ),
oaaCheckTriggers(task, , ), I.

% name: oaa SetTimeout
% purpose: Sets the timeout value used by oaaGetEvent

oaa SetTimeout(NSecs)
% Make sure NSecs is valid number
number(NSecs),
(NSecs < 0 ->

TimeOut = 0
TimeOut = NSecs),

oaaTraceMsg('-nSetting event timeout to ''-q''.-n', [TimeOut]),
on_exception(_,retractall(oaatimeout(_)), true),
assert(oaatimeout(Timeout)).

% name: oaa GetEvent
% purpose: Return the next event to execute
% remarks:

- if a oaa timeout(Secs) is set to a positive real number by
oaaSetTimeout, wait Secs for an event.
If none arrives in this time, return Event = "timeout'

- Reads ALL events available on communication stream, sorts the events
% according to priority, chooses the next event to execute,

and then saves the rest for next time oaa GetEvent is called.
% - The communication stream is read every time oaaGetEvent is called, even
% if there are already saved events (a new one might have a higher
% priority!)
% - If saved events exist, return immediately (timeout not considered).

oaa GetEvent(Event, Params, LowestPriority)
% see if previously saved events to process
retract(oaaeventbuffer(SavedEvents)) ->

true
otherwise ->

SavedEvents = []

% If at least one event can be found with an appropriate priority
% from among the saved events, no timeout needed -- flush tcp
% buffer, and read all available
(oaachooseevent(LowestPriority, SavedEvents, _OneEvent, _Remainder) ->

TimeoutSecs = 0.01

on_exception(_,oaatimeout(TimeoutSecs),TimeoutSecs=0)

TimeoutSecs=0

oaa read all events(TimeoutSecs, MoreEvents, FlushPriority),

% if one of the new events has a flush in it, see if it
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% flushes any of the saved events
% note: MoreEvents have already been flushed by FlushPriority
oaa flush events(SavedEvents, FlushPriority, RemainingSavedEvents),

% These are the events we've read so far and haven't executed yet...
append(RemainingSavedEvents, MoreEvents, EventList),

(oaasort and get_event(EventList, LowestPriority, Event, Params) ->

% we are able to find an appropriate event from list
% The event will be returned, so fire triggers on it
oaaCheckTriggers(comm, event(Event, Params), receive)

% no good event found, return timeout
Event = timeout,
Params = []

% This cut is essential to avoid faulty behavior (DLM):

% name: oaasortandgetevent
% purpose: Sort raw events by priority, choose the highest priority event
% or FirstIn if equal priority, extract event data and sender,
% and store the rest of events
% remarks:
% The chosen event must be of HIGHER priority than LowestPriority, and
% oaasort-and getevent can fail if no appropriate event is found

oaa sortandget event(EventList, LowestPriority, Event, Params)
samsort(oaaprioritycompare, EventList, SortedList),
oaa choose event(LowestPriority, SortedList, RawEvent, Remainder),
oaa extract event(RawEvent, Event, Params),
(Remainder = [] ;
assert(oaaeventbuffer(Remainder))),

oaaprioritycompare(El, E2)
oaaextracteventparam(El, _, priority(Pl)),
oaaextracteventparam(E2, _, priority(P2)),

I, P1 >= P2.

% name: oaa choose event
% purpose: Extracts the first event from a list which has a HIGHER priority
% than the required lowest. Fails if none found.

oaachooseevent(LowestPriority, [EventIRemainder], Event, Remainder)
oaa extracteventparam(Event, -, priority(P)),
LowestPriority < P,

oaa chooseevent(LowestPriority, [EIRest], Event, (EIRest2J)
oaa_choose_event(LowestPriority, Rest, Event, Rest2).
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% name: oaa read all events
% purpose: Flush the communication event queue, reading ALL available events and
% returning a list of them, or empty list if none available.
% remarks:
% - Events are retrieved in raw (unextracted) form.
% - We check to make sure the event is Validated (security hook)

% before returning it
% - We check to see if the event is flushed by a later event.
% If so, we notify event sender of the flush and we don't return the

event.

oaa read all events(TimeOut, Events, FlushPriority)
oaa select event(TimeOut, E), !,
(E == timeout ->

Events = [1,
FlushPriority = 0 % lowest event priority: don't flush events

% read one event, so read all the rest
oaa read all events(O.0001, RestEvents, RestFlushPriority),

% check if read Event is acceptable (security hook)
(oaaValidateEvent(E,OkEvent) ->

oaaComTraceMsg('-n[COM received] :-n -q-n', [OkEvent]),

% get event's priority
oaaextracteventparam(OkEvent, _, priority(P)),

% if less than some higher priority flush event, discard event
% and perhaps notify sender
(P < RestFlushPriority ->
% event will be removed,
oaa flush notification(OkEvent),
FlushPriority = RestFlushPriority,
Events = RestEvents

% keep event: not flushed
Events = [OkEventIRestEvents],

% see if this event adds a flush:
% if so record new flush priority

(oaaeventparam(OkEvent, flushevents(true)) ->

FlushPriority = P

I FlushPriority = RestFlushPriority)

% Not validated, skip event
Events = RestEvents)

% name: oaa ValidateEvent
% purpose: Check that an incoming lowlevel event should be processed.
% This is the place to put security checks on events.
% The default behavior defined by the library can be made more
% stringent by individual agents using the callback oaaAppValidateEvent
% remarks:
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% oaaValidateEvent has the right to modify the incoming event,
% or refuse it altogether by failing.

oaaValidateEvent(E,OkEvent)
% if oaaAppValidateEvent is defined, use it.
predicate_property(user:oaaAppValidateProperty(_, _), _),

user:oaaAppValidateProperty(E, OkEvent).
% currently, no security checks are performed
oaaValidateEvent(OkEvent,OkEvent).

% name: oaa flush events
% purpose: Flushes any events with a lower priority than the FlushPriority

oaa flushevents(J), _FlushPriority, []).
oaaflushevents([EventIRestEvents, FlushPriority, RemainingEvents)

oaa flush events(RestEvents, FlushPriority, RestSaved),

% get event's priority
oaaextractevent_param(Event, -, priority(P)),

% if lower priority than we are flushing, notify and remove
(P < FlushPriority ->

oaa flush notification(Event),
RemainingEvents = RestSavedI
RemainingEvents = [EventIRestSaved]

% name: oaa flush-notification
% purpose: Given a raw event, grabs its real event and looks up whether
% a notification should be sent out regarding the event's
% cancellation due to a flush.

oaa flush notification(RawEvent)
oaaextractevent(RawEvent, Event, _Params),
(oaaget_flushnotify(Event, NotifyEvent) ->

oaa PostEvent(NotifyEvent, [1)
I true),

% name: oaagetflushnotify
% purpose: Records a list of events which require a return notification
% if the event is flushed.
% remarks:
% currently, only the ev solve() event returns a message;
% all other events are flushed without notification

% @@Additional entries needed here:
oaaget_flush_notify(evsolve(ID, Goal, Params),

ev solved(ID, FromMe, Goal, Params, (J))
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(iclGetParamValue(reply(none), Params) ->

fail
I oaaId(FromMe)).

% name: oaa select event
% purpose: If a positive timeout is defined, wait N seconds for an event
% to arrive
% Otherwise block-wait until an event arrives.
% remarks: IMPORTANT: Connected/l gets special handling, because we want
% the connection ID and oaa ID to be assigned immediately.
% Otherwise, oaatranslateincomingevent and oaaunwrapevent
% won't always work properly for subsequent events from the
% new connection (or would have to be more complicated).

oaa select event(TimeOut, Event)
com:com SelectEvent (TimeOut, InEvent),

InEvent = connected(_) ->

oaa ProcessEvent(InEvent, [1),
oaa select event(TimeOut, Event)

otherwise ->
oaatranslateincomingevent(InEvent, TranslatedEvent),
oaa unwrapevent(TranslatedEvent, _Connection, Event)

% name: oaa unwrap_event(+TranslatedEvent, -Connection, -Event).
% arguments: TranslatedEvent: An event from another agent, which has already
% been translated for version compatibility, if necessary.
% Event: An event term in our standard internal format, as required
% by all other library procedures.

Connection: The CONNECTION of the immediate agent
from which this message came (note that an agent's CONNECTION
can be different than its ID).

% purpose: Remove an event term from its communications wrapper (if any),
and returns it in our standard internal form:
'timeout' OR event(Content, Params).

% timeout is the ONLY event that doesn't get embedded in event/2:
oaa unwrapevent(timeout, unknown, timeout)

oaaunwrapevent(term(Connection, event(Content,Params)), ConnectionId,
event(Content, NewParams))

com:comGetInfo(ConnectionId, connection(Connection)) ->

true
otherwise ->

format(
'-w: incoming event from an unrecognized connection (-w) :-n -w-n',

['INTERNAL ERROR', Connection, event(Content, Params)]),
ConnectionId = unknown

memberchk(from(_), Params) ->

NewParams = [connectionid(ConnectionId) I Params]
Content = ev connected(InfoList),
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memberchk(facid(Id), InfoList) ->
NewParams = [from(Id), connectionid(ConnectionId) I Params]

I ConnectionId = parent,
com:com GetInfo(ConnectionId, fac id(Id)) ->

NewParams = [from(Id), connectionid(ConnectionId) I Params]
com:comGetInfo(ConnectionId, oaaid(Id)) ->
NewParams = [from(Id), connection id(ConnectionId) I Params]

otherwise ->
% With current code, this should never happen. But I can
% imagine code changes that might need this (DLM 98/02/18):
NewParams = [from(unknown), connectionid(ConnectionId) I Params]

% This handles connected/l, end of file/i, wakeup/l:
oaaunwrapevent(Content, unknown, event(Content, [1))

% name: oaatranslateincomingevent(+InEvent, -OutEvent).
% purpose: Provides backwards compatibility by calling a hook
% (user:oaa event translation/7) that translates incoming events from agents
of
% other versions. Also allows for event differences based on language.
% The idea is to return an event with both format and contents that
% are appropriate for the agent receiving the event.
% remarks: user:oaaeventtranslation/7 can be hard-coded, loaded at runtime,
% or whatever. If it's not present, we return the same event.
% Note that the translation hook is somewhat limited. It allows a single
% event to be translated to another single event, and with essentially
% no information about context. This inadequate or awkward for some cases.
% Those cases are handled using extra clauses of user:oaa_AppDoEvent (in
% translations.pl).

% Special cases. There's no need to translate these. And, it could be
% problematical, because we don't yet know the language and version of
% the sender.
oaatranslateincomingevent(term(Conn, event(Contents, Params)),

term(Conn, event(Contents, Params)))
Contents = ev connect( ) ;
Contents = evconnected(_) ),

oaa translateincomingevent(term(Connection, InEvent),
term(Connection, OutEvent))

currentpredicate(oaaeventtranslation,
user:oaaevent translation(,,,,, ,)),

com:com GetInfo(Connectionld, connection(Connection)) ->

true
otherwise ->

true

% These assumptions may not always be right, but will
% nearly always get the desired results.

ground(ConnectionId),

27

DISH, Exh. 1008, p. 228

Petitioner Microsoft Corporation - Ex. 1008, p. 1389



com:comGetInfo(Connectionld, agent version(PriorVersion)) ->

true
otherwise ->

PriorVersion = 2.1

ground(ConnectionId),
com:comGetInfo(ConnectionId, agentlanguage(PriorLanguage)) ->

true
otherwise ->

PriorLanguage = c

oaaLibraryVersion(MyVersion),
( MyVersion \== PriorVersion ; PriorLanguage \== prolog ),

user:oaa event translation(PriorVersion, PriorLanguage, MyVersion, prolog,
Connection, InEvent, OutEvent),

% This handles timeout/0, connected/l, end of file/l, wakeup/l.
% Also passes through any event for which there is no translation.
oaatranslateincomingevent(Event, Event) -

% name: oaa extract event
% purpose: Extract the content and parameters from an event term.
% remarks: Always succeeds.
% The content part of the term is often (loosely) called the Event.

oaa extract event(event(Content, Params), Content, Params)

% name: oaaextract-eventparam
% purpose: Extract the content and a parameter value from an event term.
% remarks: Always succeeds - unless you ask for a param that has no default
% value.
% The content part of the term is often (loosely) called the Event.

oaaextracteventparam(event(Content, Params), Content, Param) :-
iclGetParamValue(Param, Params).

% name: oaa-event-param
% purpose: Extract a parameter from an event term.
% remarks: This FAILS if the parameter isn't present (unlike
% oaaextracteventparam).

oaa-event-param(event(_Content, Params), Param) .- I,
memberchk(Param, Params).

% Interpreting EVENTS
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% name: oaaInterpret(+ICLExpression, +Params)
% purpose: Executes an incoming event
% remarks: Implements a simple meta-interpreter for executing complex goals.
% Agent goals are interpreted by oaaexecevent().

% The contents of Params will vary depending on context.
% When oaaInterpret is called on an incoming event, Params
% will (usually) include from(Sender). Calls generated internally
% may contain from(self). Additional params may
% accumulate through recursive calls to oaaInterpret.

oaa_Interpret(Goal, _) :- var(Goal), !, fail. % How could this happen?
oaa_Interpret(true, _) :-!.
oaa_Interpret(fail, _) :- I, fail.
oaa_Interpret(false, _) .- !, fail.
oaaInterpret((\+ P), Params) :- !, \+ oaa_Interpret(P, Params).
oaa_Interpret((P -> Q ; _R), Params) :-

oaaInterpret(P, Params), !, oaaInterpret(Q, Params).
oaaInterpret((_P -> _Q ; R), Params) :- !, oaaInterpret(R, Params).
oaa_Interpret((P -> Q), Params) :- I, oaa_Interpret((P -> Q ; fail), Params).
oaa_Interpret((X, Y), Params) :-

oaaInterpret(X, Params), oaa_Interpret(Y, Params).
oaa_Interpret((X ; Y), Params) :- !,

(oaaInterpret(X, Params) ; oaaInterpret(Y, Params)).
oaa_Interpret(findall(Var, Goal, All), Params) :- !,

findall(Var, oaaInterpret(Goal, Params), All).
oaa_Interpret(P, _Params) :- iclBuiltIn(P), I, call(P).
oaa_Interpret(X, Params) :- oaaexec_event(X, Params).

% name: oaa-exec-event
% purpose: Defines execution of events built into all agents
% remarks: Goals that can't be handled by oaa execevent are passed to the
% user-declared app do event callback, if present.

% turn on trace
oaa-execevent(evtraceon, _)

abolish(oaatrace/l),
assert(oaatrace(on)),
format('-nTrace on.-n', []),

% turn off trace
oaaexec-event(evtraceoff, _)

abolish(oaatrace/l),
assert(oaatrace(off)),
format('-nTrace off.-n', [J), I.

% tcp level trace
oaaexecevent(evcomtraceon, )

abolish(oaacomtrace/l),
assert(oaacomtrace(on)),
format('-nCOMMUNICATION PROTOCOL trace on.-n', []),

% tcp level trace
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oaaexecevent(evcomtraceoff, _)
abolish(oaacomtrace/i),
assert(oaa_comtrace(off)),
format('-nCOMMUNICATION PROTOCOL trace off.-n', [),

% turn on debug
oaaexec event (evdebugon, )

abolish (oaadebug/1),
assert (oaadebug (on)),
format('-nDebug on.-n', L]), I.

% turn off debug
oaa-exec-event (evdebugoff, )

abolish (oaadebug/1),
assert (oaadebug (off)),
format('-nDebug off.-n', []),

% Set the timeout value
oaa-execevent(evsettimeout(N), _)

abolish (timeout/i),
assert (timeout (N)),
format('-nTimeout set to -q.-n', [N]),

% Notification that some other agent has disconnected. Currently, this applies
% only to peer client agents, and the arg. will always be a local ID.
oaa-execevent(evagent_disconnected(LID), _)

oaa-removedataowned by(LID).

% quit to UNIX
oaaexecevent(evhalt, _)

format('-nDisconnecting...-.n', []),
com:com Disconnect(parent),
( oaacallcallback(app_done, _, [)

halt.

oaa-execevent(ev_update(ID, Mode, Clause,
oaa_Id(AgentId),
append(Params, EvParams, AllParams),

Mode = add ->
Functor = oaa add data local

Mode = remove ->
Functor = oaa-remove data local

Mode = replace ->
Functor = oaareplacedatalocal

; true ),

Params), EvParams)

Call =.. [Functor, Clause, AllParams],
call(Call) ->

Updaters = [AgentId]

otherwise ->

Updaters = []

(iclGetParamValue(reply(none), AllParams) -> true
oaaPostEvent(ev_updated(ID, Mode, Clause, Params, Updaters),

[]3)
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% add or remove a local trigger
oaa execevent(ev updatetrigger(ID, Mode, Type,

Condition, Action, TrigParams),
Params) .-

oaaId(AgentId),
append(TrigParams, Params, NewParams),

Mode == add ->
Functor = oaaaddtriggerlocal

Mode == remove ->
Functor = oaaremovetrigger_local

Call =.. [Functor, Type, Condition, Action, NewParams],
call(Call) ->
Updaters = [AgentId]

otherwise ->

Updaters = []

iclGetParamValue(reply(none), Params) ->

true
otherwise ->

oaaPostEvent(evtrigger updated(ID, Mode, Type, Condition,
Action, TrigParams, Updaters),

[])

Mode = add ->

oaaInform(trigger, 'triggeradded(-q,-q,-q,-q)-n',
[Type, Condition, Action, NewParams])

true

% When asked to solve a goal, see if you know how to solve
% it, then find all solutions. Send the solutions to the
% caller.

% The various params lists must be used with care. Searching different
% lists may be appropriate for different params, depending on their
% meanings. Another consideration is that Solve params and Goal params,
% as returned to the requesting agent, must unify with the original
% lists that came from the requesting agent.

oaa-execevent(evsolve(ID, FullGoal, SolveParams), Params)
oaa class(leaf),

icl_GoalComponents(FullGoal, , , GoalParams),

% More "local" params take precedence, so they go to the
% beginning of the list:
append([SolveParams, Params], InheritedParams),
append((GoalParams, InheritedParams], AllParams),
% Assert context:
findall(context(C), member(context(C), AllParams), Contexts),
asserta( oaa current contexts(ID, Contexts) ),

oaaTraceMsg('-n-nAttempting to solve:-n Goal:-q~n Params:-q-n',
[FullGoal, InheritedParams]),

findall(FullGoal,
oaa-solve local(FullGoal, InheritedParams),

Solutions),
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oaaTraceMsg('-nSolutions found for -q:-n -q-n',
[FullGoal, Solutions]),

% If user has requested to delay the solution (oaaDelaySolution)
% save current userId, Goal and Params in delay table, to be
% sent back in an evsolved() msg later (oaaReturnDelayedSolutions).

(retract(oaadelay(ID, UserId)) ->
assert(oaadelaytable(ID, Userld, FullGoal, SolveParams, AllParams))

(iclGetParamValue(reply(none), AllParams) -> true
(oaaId(FromKS) ; FromKS = unknown), !,
oaaPostEvent(evsolved(ID, FromKS, FullGoal, SolveParams,

Solutions),[])

% Retract context:
retractall( oaacurrentcontexts(ID, _

% This is for subgoals (of goals passed in solve events) that have
% Params. Subgoals with no params will fall through to the next clause.
oaa-exec-event(Goal::GoalParams, Params) :-

oaa solve local(Goal::GoalParams, Params).

% call user events. Must not have a cut, to return all solutions.
oaa execevent(Event, Params)

oaa turn on debug,
oaasolvables(Solvables) -> true I otherwise -> Solvables = []),
(oaa_goal matchessolvables(Event, Solvables, Goal, Matched),
Matched = solvable(_, SolvParams, _),
(iclGetParamValue(callback(CB), SolvParams)
oaacallback(app doevent, CB)))

(oaacallback(app do event, CB),
Goal = Event)

CB = Module:Functor ->

true
otherwise ->

Module = user,
Functor = CB

Call =.. [Functor, Goal, Params],
onexception(E,

Module:Call,
( oaaTraceMsg('WARNING (agent.pl) : Exception raised thru callback

handler (-w) :-n -q-n',
[Functor, E),

fail )),
oaaturnoffdebug.

% What to do about test(TEST)?
% if test(TEST) is listed in arguments, solve
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% it locally.
passes_tests(Params)

oaa class(leaf),
iclGetParamValue(test(Test), Params),

oaaSolve(Test, (levellimit(O)]).
% With compound goals, we also want to allow tests on the facilitator.
% @@DLM: Is this the best way?
passes_tests(Params) :-

(oaaclass(root);oaaclass(node)),
iclGetParamValue(test(Test), Params),

oaa solve local(Test, []).
passes_tests(_Params)

true.

% name: oaa DelaySolution
% purpose: Requests that the current AppDoEvent not return solutions to the

current goal until a later time.
% inputs:

- Id: an Id which will be used to later match solutions to request

oaaDelaySolution(Id)
oaa current contexts(GoalId, _Contexts), I,
assert(oaadelay(GoalId, Id)).

% name: oaaReturnDelayedSolutions
% purpose: Returns the list of solutions for a delayed request
% inputs:
% - Id: an Id referring to a previously saved oaaDelaySolution

oaaReturnDelayedSolutions(Id, SolutionList)
(retract(oaadelay_table(GoalId, Id, Goal, SolveParams,AllParams)) ->

(iclGetParamValue(reply(none), AllParams) -> true
(oaaId(FromKS) ; FromKS = unknown), !,
% make sure all Solutions unify with original goal
findall(Goal, member(Goal,SolutionList), Solutions),
oaaPostEvent(evsolved(GoalId, FromKS, Goal, SolveParams,

Solutions),[])

I true).

% name: oaaAddDelayedContextParams
% purpose: When a goal is delayed using oaaDelaySolution(), incoming context

parameters from the original request can not be automatically
concatenated to outgoing oaaSolve requests -- since an agent can
manage multiple delayed goals at the same time, liboaa doesn't
know the correct context for the outgoing oaa_Solve without explicit

% direction from the programmer. Hence, an agent programmer who
% wants to call oaaSolve during a delayed goal is expected to
% use this function to add the saved contexts for the delayed goal to
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his/her outgoing oaaSolve parameters.
% inputs:

- Id: an Id which will be used to later match solutions to request
- Params: Parameters for solve goal
- NewParams: Params augmented by saved contexts.

% example:
% oaaAppDoEvent(goal (X), _Params) :- oaaDelayEvent(a_goal).
% oaaAppDoEvent(temp-event(Y), _Params) :-
% oaaAddDelayedContextParams(agoal, [], P),
% oaaSolve(subgoal(Y), P).
% oaaAppDoEvent(finalevent(S), _Params)
% oaaReturnDelayedSolutions(a goal, [goal(S))).

oaaAddDelayedContextParams(Id, Params, NewParams)
retract(oaadelay table(_GoalId, Id, _Goal, _SolveParams, AllParams)),
findall(context(C), member(context(C), AllParams), Contexts),
append(Contexts, Params, NewParams).

% Agent-Facilitator communication

% name: oaa PostEvent
% purpose: Sends a low-level event to another agent
% remarks:
% Should NOT be used before there's a connection established for

the destination (such as when a client sends ev connect to its
facilitator). In such unusual cases, use com SendData directly.
For application developers, this just means don't call
oaaPostEvent until after you've called oaa_Register.

% Parameters may include:
- priority(P):
- address(A): specify address of specific server or client agent
A must be an agent ID, not a name. If caller is a client agent,
the only meaningful address is that of the client's facilitator.

- from(KS): where the event originally originated
% IMPORTANT: there may be a different address INSIDE the event;

these should not be confused!

oaaPostEvent(Contents, Params)

% see if any params of interest
(memberchk(priority(_P), Params);

memberchk(from(_Agent), Params) ->
SendEvent = event(Contents, Params)

SendEvent = event(Contents, 1)

% find destination: if none, dest = server
(memberchk(address(Dest), Params) ->

true
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Dest = parent

icltrueid(Dest, DestId),
oaatranslateoutgoingevent(SendEvent, DestId, TransEvent),

oaaComTraceMsg('-n(COM send to -q]:-n -q-n', [Dest, TransEvent]),

oaaconvert id to commid(DestId, CommId),
% send event to destination
com:comSendData(CommId, TransEvent),

% Use SendEvent here, becuase triggers always contain event/2
% to unify with.
oaaCheckTriggers(comm, SendEvent, send).

oaa-convert id to comm id(Id, CId) :-
com:comGetInfo(CId, facid(Id)), I.

oaaconvert id to commid(Id, CId) .-
com:comGetInfo(CId, oaaid(Id)), I.

% name: oaatranslateoutgoingevent(+Event, +DestId, -NewEvent).
% purpose: Provides backwards compatibility by calling a hook
% (user:oaaeventtranslation/7) that translates outgoing events to agents of
% other versions. Also allows for event differences based on language.
% remarks: user:oaa_eventtranslation/7 can be hard-coded, loaded at runtime,
% or whatever. If it's not present, we return the same event.
% See also comments for oaa translate_incoming event.

% Special cases. There's no need to translate these. And, it could be
% problematical, because we don't yet know the language and version of
% the receiver. See comments for oaaunwrap_event.
oaatranslateoutgoingevent(event(Contents, Params), _DestId,

event(Contents, Params))
Contents = evconnect(_) ;
Contents = evconnected(_) ),

oaatranslateoutgoingevent(event(Content, Params), DestId, TransEvent) -

current predicate(oaaevent translation,
user:oaa_event translation(,-,-, -,-,-, )),

% These assumptions may not always be right, but will
% nearly always get the desired results:

com:com GetInfo(Connection, oaa id(DestId)),
com:comGetInfo(Connection, agentversion(DestVersion)) ->

true
otherwise ->

DestVersion = 2.1

com:comGetInfo(Connection, agentlanguage(DestLanguage)) ->

true
otherwise ->

DestLanguage = c
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oaaLibraryVersion(MyVersion),
user:oaa event translation(MyVersion, prolog, DestVersion, DestLanguage,

Connection, event(Content, Params), TransEvent),

oaatranslate_outgoing_event(Event, _, Event).

% name: oaa Version
% purpose: Lookup the language and library version number for an agent
% remarks: The default version (if unspecified) is 1.0

oaaVersion(AgentId, Language, Version)
icl true id(AgentId, TrueId),
% Asking for my version:
oaaId(TrueId),
Language = prolog,
oaaLibraryVersion(Version),

oaaVersion(AgentId, Language, Version)
icl true id(AgentId, TrueId),
com:comGetInfo(CommId, oaaid(TrueId))
com:comGetInfo(CommId, facid(TrueId)) ),
com:comrGetInfo(CommId, agentlanguage(Language)) ->

true
otherwise ->

Language = unknown

com:com GetInfo(CommId, agent version(Version)) ->

true
otherwise ->

Version = 1.0

oaaVersion(AgentId, Language, Version)
(oaaclass(leaf) ; oaaclass(node)),
icl trueid(AgentId, TrueId),

% The use of caching here could be dangerous - unless we install a
% mechanism for automatic updating of the cache.

oaaSolve(agent version(TrueId, Language, Version),
(address (parent)]),

oaaVersion(_, prolog, 1.0).

% name: oaa CanSolve
% purpose: Asks the Facilitator for a list of agents which could solve a Goal

oaaCanSolve(Goal,KSList)
oaaSolve(cansolve(Goal, KSList), [address(parent)]).

% name: oaaPing
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% purpose: Tests whether a given agent is currently responding to requests.
% inputs:
% AgentAddr: address of agent to test
% TimeLimit: Time limit (in seconds) for how long to wait for a response
% outputs:
% TotalResponseTime for round trip (in seconds)
% remarks: Fails if a ping is not returned in TimeLimit amount of time

oaa_Ping(AgentAddr, TimeLimit, TotalResponseTime)
ground(AgentAddr),
number(TimeLimit),
TimeLimit >= 0,
tcpnow(Before) ,
oaaSolve(true, [address(AgentAddr), time limit(TimeLimit)]),
tcpnow(After),
tcptimeplus(Before, TotalResponseTimeMs, After),
TotalResponseTime is TotalResponseTimeMs / 1000.

%*W**********W*******W******** * ********* ******* ***************

% Declaring Solvables

% name: oaaDeclare(+Solvables, +CommonPermissions, +CommonParams, +Params,
% -DeclaredSolvables)
% purpose: Declare solvables for a client or facilitator, and inform the
% parent if appropriate.
% arguments:
% Solvables: A single solvable or a list of solvables, in shorthand or
% standard form.
% CommonPermissions: Permissions to be distributed to each solvable in
% Solvables. This is purely for programming convenience. See
% comments for icl ConvertSolvables for possible values, and
% solvables documentation for their meanings.
% CommonParams: Params to be distributed to each solvable in Solvables.
% This is purely for programming convenience. See comments for
% icl ConvertSolvables for possible values, and solvables
% documentation for their meanings.
% Params:
% address(X): Where the solvable will exist. X may be either 'self'
% or 'parent' (or the appropriate local ids). Default: 'self'.
% if exists(OverwriteOrAppend): What to do when declaring solvables
% for self, and some already exist. Default: append.
% DeclaredSolvables: Returns a list, in standard form, of all solvables
% successfully declared.
% remarks:
% - Any agent can declare solvables for itself. In addition, a client can
% ask its facilitator to declare solvables. Client-requested facilitator
% solvables will automatically acquire permission write(true), and params
% type(data), rulesok(false), private(false), and bookkeeping(true).
% - If called by a leaf or node agent, assumes agent is already registered
% with a parent facilitator.
% - Predicates can only be declared once. Changing an existing

% predicate definition should be done with oaaRedeclare. However,
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a request to declare a predicate, which is already declared in
precisely the same way, succeeds transparently.

- @@Future params may include 'numcontext args(N)'
- @@Future solvable params may include 'shared'.
- synonym predicates can have their own triggers, but share the clause
database with their master table.

- views and filters, as provided by the OAA V1 DB agent, are not
supported as separate params, but the same functionality is available
using other params.

- @@Do we want client agents to request declarations on other client
agents?

oaaDeclare(Solvable, InitialCommonPerms, InitialCommonParams,
InitialParams, DeclaredSolvables) -

is list(Solvable) ->
SolvableList = Solvable

otherwise ->
SolvableList = [Solvable]

icl ConvertSolvables(SolvableList, Solvables),
iclstandardizeperms(InitialCommonPerms, false, CommonPerms),
iclstandardizeparams(InitialCommonParams, false, CommonParams),
iclstandardizeparams(InitialParams, false, Params),
oaadistributeperms(Solvables, CommonPerms, Solvablesl),
oaadistributeparams(Solvablesl, CommonParams, NewSolvables),
oaa declare aux(add, NewSolvables, Params, DeclaredSolvables).

% name: oaa DeclareData(+Solvables, +Params, -DeclaredSolvables)
% purpose: Declare data solvables for an agent.

oaaDeclareData(Solv, Params, DeclaredSolvs)
\+ is list(Solv),
I,
oaa DeclareData([Solv], Params, DeclaredSolvs).

oaaDeclareData(Solvs, Params, DeclaredSolvs) -
% It's only necessary to specify the non-default perms and params.
CommonPerms = [write(true)],
CommonParams = [type(data)],
oaaDeclare(Solvs, CommonPerms, CommonParams, Params, DeclaredSolvs).

% name: oaa Undeclare(+Solvables, +Params, -UndeclaredSolvables)
% purpose: Remove solvables from a client or facilitator, and inform the
% parent if appropriate.
% arguments:
% Solvables: A single solvable or a list of solvables, in shorthand or
% standard form. If a solvable is in standard form, however, ONLY
% the goal is considered in selecting the solvables to be removed
% (permissions and parameters are ignored).
% Params:

address(X) : Where the solvable exists. X may be either 'self'
or 'parent' (or the appropriate local ids). Default: 'self'.

% DeclaredSolvables: Returns a list, in standard form, of all solvables
successfully removed.
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% remarks:
- If called by a leaf or node agent, assumes agent is already registered
with a parent facilitator.

oaaUndeclare(Solvable, InitialParams, UndeclaredSolvables) -

is list(Solvable) ->
SolvableList = Solvable
otherwise ->
SolvableList = [Solvable]

iclminimallyinstantiate solvables(SolvableList, Solvables),
iclstandardize-params(InitialParams, false, Params),
oaa declare aux(remove, Solvables, Params, UndeclaredSolvables).

% name: oaaRedeclare(+Solvable, +NewSolvable, +Params)
% purpose: Replace a solvable on a client or facilitator, and inform the
% parent if appropriate.
% arguments:
% Solvable: A single solvable, in shorthand or standard form. If in
% standard form, however, ONLY the goal is considered in selecting
% the solvable to be replaced (permissions and parameters are ignored).
% NewSolvable: A single solvable, in shorthand or standard form.
% Params:

address(X): Where the solvable exists. X may be either 'self'
or 'parent' (or the appropriate local ids) . Default: 'self'.

% remarks:
- If called by a leaf or node agent, assumes agent is already registered
with a parent facilitator.

- FAILS if the operation cannot be completed.

oaaRedeclare(InitialSolvable, InitialNewSolvable, InitialParams) -

iclminimallyinstantiatesolvables([InitialSolvable), [Solvable)),
icl ConvertSolvables([InitialNewSolvable], [NewSolvable]),
iclstandardize-params(InitialParams, false, Params),
oaadeclareaux(replace, Solvable, [with(NewSolvable) I Params],

RedeclaredSolvables),
RedeclaredSolvables \== [H.

% name: oaadeclareaux(+Mode, +Solvables, +Params, -DeclaredSolvables)
% purpose: Common code for oaaDeclare, oaaUndeclare, oaaRedeclare.
% Mode: add, remove, or replace.
% Solvables: for Mode = add, a list of Solvables in standard form.
% for Mode = remove, a list of Solvables in "minimally instantiated"
% form.
% for Mode = replace, a list containing a single Solvable, in
% "minimally instantiated" form.
% Params: whatever is appropriate for oaa Declare, _Undeclare, _Redeclare.
% Must already be in standard form.
% DeclaredSolvables: A list of all solvables successfully added (or removed
% or replaced), in standard form.
% remarks:
% A number of params and perms are required when requesting that a
% parent declare solvables (see comments for oaaDeclare). We could ensure
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% their presence here, but it's not essential, because the facilitator will
% enforce this.

% Here, a client is asking the facilitator to add, remove, or replace
% solvables.
oaa declare aux(Mode, Solvables, Params, DeclaredSolvables)

com:com GetInfo(parent, fac id(ParentId)),
memberchk(address([ParentId]), Params),

% Send the request to the Facilitator
oaaPostEvent(evpost_declare(Mode, Solvables, Params), []),
oaapoll untilevent(

evreplydeclared(Mode, Solvables, Params, DeclaredSolvables)).

% Leaf, node or root adding, removing or replacing its own solvables:
oaa declare aux(Mode, Solvables, Params, DeclaredSolvables)

oaaId(Me),
memberchk(address(Addr), Params) ->

Addr = [Me]
I true),
I,

oaa declare local(Mode, Solvables, Params, DeclaredSolvables),

% If I'm a facilitator, I must also "register" my Solvables with myself.
% (If I'm a node, this will also register them with my parent.)

(\+ oaaclass(leaf), DeclaredSolvables \== []) ->

oaaName(MyName),
user:oaaAppDoEvent(
evregistersolvables(Mode, DeclaredSolvables, MyName, Params),

[from(Me)])
true

% If I'm a leaf, post public solvables to parent facilitator:
selectelements(DeclaredSolvables, oaa_public solvable, PublicSolvables),

(oaaclass(leaf), PublicSolvables \== [1) ->
com:comGetInfo(parent, oaaname(MyNameC)),
oaaPostEvent(
evregister_solvables(Mode, PublicSolvables, MyNameC, Params),
[] )

true

% Solvable must be in standard form.
oaa_publicsolvable(solvable(_Solvable, Params, _Perms))

iclGetParamValue(private(false), Params).

% Solvable must be in standard form.
oaadatasolvable(solvable(_Solvable, Params, _Perms))

iclGetParamValue(type(data), Params).

% name: oaa declare local(+Mode, +Solvables, +Params, -DeclaredSolvables)
% purpose: Declare solvables for an agent.
% Mode: add, remove, or replace.
% Solvables: The form they're in depends on the mode. See oaadeclare aux.

40

DISH, Exh. 1008, p. 241

Petitioner Microsoft Corporation - Ex. 1008, p. 1402



% DeclaredSolvables: Returns those members of Solvables for which
% the operation was successful (more specifically, those that should
% be passed up to the parent in ev-register_solvables). Always returned
% in STANDARD FORM.
% Also see: comments for oaaDeclare, oaaUndeclare, oaaRedeclare.
% remarks:

- This performs the local processing needed by calls to oaaDeclare,
and by ev_declare events.

- Solvables and Params must already be in standard form.

% @@DLM: Could do more careful testing to be sure the solvables are
% all valid for the requested operation.

oaa declare local(Mode, Solvable, Params, DeclaredSolvables)
\+ is list(Solvable),

oaadeclare local(Mode, [Solvable], Params, DeclaredSolvables)
oaa declare local(add, InitialSolvables, Params, DeclaredSolvables)

iclGetParamValue(ifexists(overwrite), Params) ->

CurrentSolvables = [H
oaa solvables(CurrentSolvables) ->

true
CurrentSolvables = [H

% This will eliminate those that unify with an already declared solvable.
% @@DLM: Should do more, though: warnings.
solvables to be added(InitialSolvables, CurrentSolvables,

DeclaredSolvables),

% Make sure Quintus has the correct properties for each DB solvable.
select elements(DeclaredSolvables, oaa data solvable, DBSolvables),
oaadeclare foryprolog(DBSolvables),

append(CurrentSolvables, DeclaredSolvables, AllSolvables),
retractall(oaa solvables( )),
assert(oaasolvables(AllSolvables)).

oaa declare local(remove, Solvables, _Params, RemovedSolvables)
% See which ones are really declared:
oaasolvables(Current) -> true I Current = [1 ),

solvables to be removed(Solvables, Current, RemovedSolvables),
% Retract all clauses from data solvables:
selectelements(RemovedSolvables, oaadatasolvable, DBSolvables),
oaaremove solvables data(DBSolvables),
% Assert the new solvables list:
retractall(oaasolvables(_)),
subtract(Current, RemovedSolvables, New),
assert(oaasolvables(New)).

oaadeclare-local(replace, [Solvable], Params, [Solvable])
memberchk(with(NewSolvable), Params),
% Make sure Solvable is really declared:
oaasolvables(Current) -> true I otherwise -> Current = []),

memberchk(Solvable, Current),

% If a data solvable, maybe retract all its clauses:
oaa datasolvable(Solvable) ->
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oaaremovesolvablesdata([Solvable])
true

% Assert the new solvables list:
retractall(oaasolvables(_)),
replace element(Solvable, Current, NewSolvable, New),
assert(oaasolvables(New)).

oaadeclarelocal(replace, [Solvable], _Params, [1)
Solvable = solvable(Goal, , ),
format('-w: Ignoring attempt to replace a non-existent solvable:-n -w-n',

['WARNING', Goal]).

% name: oaadistributeparams(+Solvables, +CommonParams, -NewSolvables) %
% oaadistribute_perms(+Solvables, +CommonPerms, -NewSolvables).
% purpose: Add CommonParams (CommonPerms) to the Params (Permissions) list of
% each solvable in Solvables.
% Solvables: a solvables list, in standard form.
% remarks: @@Should warn when a solvables has a param that conflicts with
% CommonParams. Also, should have an arg that says which version of
% of the conflicting param to keep.

oaadistributeparams([), _CommonParams, (1)
oaadistributeparams([Solvable I Solvables], CommonParams,

[NewSolvable I NewSolvables])
Solvable = solvable(Goal, Params, Perms),
union(Params, CommonParams, NewParams),
NewSolvable = solvable(Goal, NewParams, Perms),
oaadistributeparams(Solvables, CommonParams, NewSolvables).

oaadistributeperms(C[], _CommonPerms, [J).
oaadistributeperms([Solvable I Solvables], CommonPerms,

[NewSolvable I NewSolvables])
Solvable = solvable(Goal, Params, Perms),
union(Perms, CommonPerms, NewPerms),
NewSolvable = solvable(Goal, Params, NewPerms),
oaadistribute_perms(Solvables, CommonPerms, NewSolvables).

% name: solvables to be added(+ProposedSolvs, +CurrentSolvs, -SolvsToBeAdded).
% purpose: Checks a list of solvables, to make sure they can legally be
% declared.
% ProposedSolvs: Must be in STANDARD FORM.
% CurrentSolvs: This agent's current solvables.
% SolvsToBeAdded: A subset of ProposedSolvs.

solvables to be added([J, Current, (]).
solvables to be added((Solvable I Solvables], Current, OKSolvables)

Solvable = solvable(Goal, _, )

memberchk(solvable(Goal, , ), Current),

format('-w: Ignoring attempt to declare an already existing solvable:-n

['WARNING', Goal]),
solvables to be added(Solvables, Current, OKSolvables).
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solvables to be added([Solvable I Solvables], Current,
[Solvable I OKSolvables]) :-

solvables to be added(Solvables, Current, OKSolvables).

% name: solvables to be removed(+ProposedSolvs, +CurrentSolvs,
% -SolvsToBeRemoved).
% purpose: Checks a list of solvables, to make sure they can legally be
% UNdeclared.
% ProposedSolvs: Must be in MINIMALLY INSTANTIATED FORM.
% CurrentSolvs: This agent's current solvables.
% SolvsToBeRemoved: A subset of ProposedSolvs, but returned in standard form,
% fully instantiated.

solvables to be removed([], _Current, []).
solvables to be removed((Solvable I Solvables], Current,

[Solvable I OKSolvables])
memberchk(Solvable, Current),

solvablesto be removed(Solvables, Current, OKSolvables)
solvables to be removed([Solvable Solvables], Current, OKSolvables)

Solvable = solvable(Goal, , ,
format('-w: Ignoring attempt to remove a non-existent solvable:-n -w-n',

['WARNING', Goal]),
solvables to be removed(Solvables, Current, OKSolvables).

% Updating Data Solvables

% name: oaa AddData(+Clause, +Params).
% purpose: Add a new clause for a DATA solvable (locally and/or remotely)
% Params:
% address(X): a list including 'self', 'parent', and/or the
% addresses of other client agents. The default (no address)
% behavior is the same as with oaa Solve.
% reflexive(TF): Save as with oaaSolve. Default: true.
% at beginning(TF): if true, uses asserta instead of assertz.
% Default: false.
% single value(TF): if true, ALL clauses for this predicate are removed
% before adding the new clause.
% Default: false.
% unique values(TF): if true, at most one copy of each value is stored.
% Default: false.
% owner(LocalId) : if bookkeeping(true) for this solvable, record
% LocalId as the owner.
% Default: the agent from which the request originated.
% getaddress(X): Returns a list of addresses (ids) of agents that
% were sent the request.
% get_satisfiers(X): Returns a list of addresses (ids) of agents that
% successfully completed the request.
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% reply({true,none}): When data is being added on
% a remote agent or agents, this tells whether reply message(s) are
% desired.
% block(Mode) true: Block until the reply arrives.

false: Don't block. In
this case, the reply events (ev reply-updated)
can be handled by the user's app do event callback

Default: true. Note that reply(none) overrides
block(true).

% remarks:
- Clause is normally a fact (no body), but with Prolog agents, and
with rules ok(true), it's possible for it to have a body.

- Triggers will be examined with the on(add) operation mask

oaaAddData(Clause, Params)
oaaupdate(add, Clause, Params).

% name: oaaRemoveData(+Clause, +Params).
% purpose: Remove a clause from a DATA solvable (locally and/or remotely)
% Params:
% address(X): a list including 'self', 'parent', and/or the

addresses of other client agents. The default (no address)
behavior is the same as with oaa Solve and oaaAddData.

% reflexive(TF): Save as with oaaSolve. Default: true.
% do all(TF): If true, removes all predicate values that match the Clause

Default: false (removes only the first)
% getaddress(X): Returns a list of addresses (ids) of agents that

were sent the request.
% getsatisfiers(X): Returns a list of addresses (ids) of agents that

successfully completed the request.
% owner(LocalId): if bookkeeping(true) for this solvable, remove only
96 data owned by LocalId.
% Default: ignore owner in removing data.
% reply({true,none}) : When data is being removed on
% a remote agent or agents, this tells whether reply message(s) are
% desired.
% block(Mode) : true: Block until the reply arrives.
% : false: Don't block. In
9% this case, the reply events (evreply updated)
% can be handled by the user's app do event callback
% Default: true. Note that reply(none) overrides
96 block (true)
% remarks:

- Clause is normally a fact (no body), but with Prolog agents, and
with rules ok(true), it's possible for it to have a body.

% -Triggers will be examined with the 'onRetract' operation mask.
- Not for backtracking.

oaaRemoveData(Clause, Params)
oaaupdate(remove, Clause, Params).

% name: oaaReplaceData(+Clausel, +Clause2, +Params).
% purpose: Change a predicate value to a new one
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% Clausel: Must be a clause of a writable data solvable.
% Clause2: Must be a clause of a writable data solvable.
% Params:
% address(X): a list including 'self', 'parent', and/or the
% addresses of other client agents. The default (no address)
% behavior is the same as with oaa Solve and oaaAddData.
% reflexive(T F): Save as with oaa Solve. Default: true.
% doall(TF): If, true, changes all predicate values that match the
% Clausel specification
% default is 'false': changes only the first
% at beginning(TF): If true, uses asserta instead of assertz
% default is 'false'
% owner(LocalId) : if bookkeeping(true) for this solvable, record
% LocalId as the owner of each new data item. Note: It is not possible
% to specify the owner of the data to be replaced, just that of the
% NEW data.
% Default: the agent from which the request originated.
% getaddress(X): Returns a list of addresses (ids) of agents that
% were sent the request.

getsatisfiers(X): Returns a list of addresses (ids) of agents that
% successfully completed the request.
% reply({true,none}) : When data is being replaced on
% a remote agent or agents, this tells whether reply message(s) are
% desired.
% block(Mode) : true: Block until the reply arrives.
% :false: Don't block. In
% this case, the reply events (evreplyupdated)
% can be handled by the user's app do event callback
% Default: true. Note that reply(none) overrides
% block(true).
% remarks:
% - Clausel and/or Clause2 may be synonym predicates.
% - Clausel and Clause2 are not required to have the same functor.
% - Clausel and Clause2 may share variables.
% Triggers will be examined with the 'remove' operation mask with Clausel,
% and the 'add' operation mask with Clause2.
% dbreplace triggers on the Pred2 argument, not on the Predl arg
% at beginning param only used if doall is false

oaa_ReplaceData(Clausel, Clause2, Params) :-
oaa-update(replace, Clausel, [with(Clause2) I Params]).

% name: oaaupdate(+Mode,. +Clause, +Params).
% purpose: Common code for oaaAddData, oaaRemoveData, and oaaReplaceData.
% Mode: add, remove, or replace.
% Clause, Params: May include whatever is appropriate for oaaAddData,
% oaaRemoveData, or oaa ReplaceData.

oaa-update(Mode, Clause, InitialParams)
iclstandardize_params(InitialParams, false, Params),
% Is there a specified address?
memberchk(address(Addr), Params) ->

true
otherwise ->

Addr = []
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% Decide whether or not to update locally:
oaa Id(Me),

memberchk(Me, Addr) ->

delete(Addr, Me, NewAddr),
replace_element(address(Addr), Params, address(NewAddr), Paramsl),
Self = true

otherwise ->
NewAddr = Addr,
Paramsl = Params

Addr = [], icl GetParamValue(reflexive(true), Paramsl) ->

% do NOT use remove element here:
delete(Paramsl, reflexive(true), Params2),
(oaasolvables(Solvables) -> true I otherwise -> Solvables = [] ),
( oaa data matches solvables(Clause, Solvables, write, , ) ->

Self = true

otherwise ->

true

otherwise ->

Params2 = Paramsl

% Update locally if appropriate:
Self == true ->
Requesteesl = [Me],

Mode == add ->
Functor = oaa add data local

Mode == replace ->
Functor = oaareplacedatalocal

Mode == remove ->
Functor = oaa-remove data local

LocalCall =.. [Functor, Clause, Params2],

call(LocalCall) ->
Updatersl = [Me]

I Updatersl = (1
otherwise ->

Requesteesl = []
Updatersl = []

% Update remotely if appropriate:
oaa class(leaf), (Addr == () ; NewAddr \== []) ->

% Send the evpostupdate event to the Facilitator
oaaPostEvent(evpost-update(Mode, Clause, Params2), []),
% In the return event, Requestee2s lists all agents to whom
% the update request was sent; Updaters2 lists those who succeeded.

(iclGetParamValue(reply(asynchronous), Params)
iclGetParamValue(reply(none), Params)) ->

Requestees2 = ]

Updaters2 = []

otherwise ->
oaapoll untilevent(
evreplyupdated(Mode, Clause, Params2, Requestees2, Updaters2))
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otherwise ->
Requestees2 = [1
Updaters2 = []

append(Updatersl, Updaters2, Updaters),
% Return Updaters if requested:
memberchk(getsatisfiers(Updaters), Params) -> true true ),

append(Requesteesl, Requestees2, Requestees),
% Return Requestees if requested:
memberchk(getaddress(Requestees), Params) -> true true

% name: oaa add data local(+Clause, +Params)
% purpose: Assert a clause for an agent's solvable.
% arguments: See comments for oaaAddData.
% remarks:
% This performs the local processing needed for calls to oaaAddData, and
% ev-update(add, ...) requests.
% Application code should not call oaaadddatalocal directly, but rather
% oaa AddData with address(self).

oaa add data local(Clausel, Params)
(oaasolvables(Solvables) -> true I otherwise -> Solvables = [),
oaa data matches solvables(Clausel, Solvables, write, Clause, Matched),
Matched = solvable(Pred, DeclParams, _Perms),

Clause = (Head :- Body) ->

true
otherwise ->

Head = Clause,
Body = true

append(Params, DeclParams, AllParams),
% If there's no callback, leave Callback a var:
memberchk(callback(Callback), AllParams) -> true true ),

% if single value, erase all old values
(iclGetParamValue(singlevalue(true), AllParams) ->

\+ iclGetParamValue(bookkeeping(false), DeclParams) ->

oaaretractall((Pred :- _), _OldOwner, Callback)
otherwise ->
retractall((Pred :- _

I true),

% if uniquevalues(true), make sure fact not already in database
clause(Head, Body), icl_GetParamValue(unique-values(true), AllParams) ->

true
otherwise ->

\+ icl GetParamValue(bookkeeping(false), DeclParams) ->

oaa data owner(Params, Owner),
iclGetParamValue(atbeginning(true), AllParams) ->

oaa asserta(Clause, Owner, Callback)

oaa assertz(Clause, Owner, Callback)
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otherwise ->
iclGetParamValue(at_beginning(true), AllParams) ->

asserta(Clause)

assertz(Clause)

oaaCheckTriggers(data, Head, add),

% name: oaa-remove data local(+Clause, +Params)
% purpose: Retract a clause (or all clauses) from an agent's solvable.
% arguments: See comments for oaaRemoveData.
% remarks:
% This performs the local processing needed for calls to oaaRemoveData, and
% ev update(remove, ... ) requests.

oaa-remove data local(Clausel, Params)
( oaa solvables(Solvables) -> true otherwise -> Solvables = [),
oaa data matches solvables(Clausel, Solvables, write, Clause, Matched),
Matched = solvable(_Pred, DeclParams, _Perms),

Clause = (Head :- Body) ->

true
otherwise ->

Head = Clause,
Body = true

append(Params, DeclParams, AllParams),
(memberchk(callback(Callback), AllParams) -> true I true )

( \+ iclGetParamValue(bookkeeping(false), DeclParams) ->
iclGetParamValue(owner(Owner), Params) -> true true
iclGetParamValue(doall(true), Params) ->
oaa retractall(Clause, Owner, Callback)

otherwise ->
oaa retract(Clause, Owner, Callback)

otherwise ->

iclGetParamValue(doall(true), Params) ->

retract all(Clause)
otherwise ->

retract (Clause)

oaaCheckTriggers(data, Head, remove),

% name: oaareplacedatalocal(+Clausel, +Params)
% purpose: Replace one or more clauses from an agent's solvable.
% arguments: See comments for oaaReplaceData.
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% remarks:
% This performs the local processing needed for calls to oaaReplaceData, and
% ev-update(replace, ...) requests.
% Clausel is the thing to be replaced. The thing to replace it with must
% be present in Params, as with(Clause2).

oaareplace data local(ClauselIn, Params)
memberchk(with(Clause21n), Params),
(oaasolvables(Solvables) -> true I otherwise -> Solvables = []),
oaa data matches solvables(ClauselIn, Solvables, write, Clausel, Matched),
oaa data-matches-solvables(Clause21n, Solvables, write, Clause2, _Matched2),
Matched = solvable(_Pred, DeclParams, _Perms),

Clausel = (Head :- Body) ->

true
otherwise ->

Head = Clausel,
Body = true

append(Params, DeclParams, AllParams),
memberchk(callback(Callback), AllParams) -> true I true ),

% do replace of either one or all occurrences
\+ icl GetParamValue(bookkeeping(false), DeclParams) ->

oaa data owner(Params, Owner),
iclGetParamValue(do all(true), Params) ->

oaareplaceall(Clausel, Clause2, Owner, Callback)
otherwise ->

oaa retract(Clausel, _OldOwner, Callback),
(icl GetParamValue(at beginning(true), AllParams) ->

oaa_asserta(Clause2, Owner, Callback)
oaaassertz(Clause2, Owner, Callback)

otherwise ->

iclGetParamValue(doall(true), Params) ->

replaceall(Clausel, Clause2)
I otherwise ->

retract(Clausel),
(iclGetParamValue(at beginning(true), AllParams) ->

asserta(Clause2)
assertz (Clause2)

oaaCheckTriggers(data, Clausel, remove),
oaaCheckTriggers(data, Clause2, add),

% name: retract all
% purpose: Remove all clauses matching Clausel
% remarks: Always succeeds. Needed because retractall((func(X) :- Y)) doesn't
% work.

retractall(Clausel)
retract (Clausel),
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fail.
retractall(_Clausel).

% name: replaceall
% purpose: Replace all clauses matching Clausel by Clause2
% remarks: Always succeeds

replace_all(Clausel, Clause2)
retract(Clausel),
assert(Clause2),
fail.

replace_all(_Clausel, _Clause2).

% name: oaa data owner(+Params, -Owner)
% purpose: Determine data ownership from the available params

oaa data owner(Params, Owner)
memberchk(owner(Owner), Params) ->

true
I memberchk(from(Owner), Params) ->

true
oaaId(Owner) ->

true
otherwise ->

Owner = unknown

% name: oaaId(MyId)
% purpose: Return the Id of the current agent

% if connected to a Facilitator, use this Id
oaa_Id(MyId) -

com:comGetInfo(parent, oaa_id(MyId)), I.
% For root, get any id
oaa_Id(MyId) :-

com:com GetInfo(ConnectionId, type(server)),
com:comGetInfo(ConnectionId, oaa-id(MyId)), I.

% name: oaa Name(MyName)
% purpose: Return the name of the current agent

% if connected to a Facilitator, use this Id
oaaName(MyName) -

com:com GetInfo(parent, oaa name(MyName)), I.
% For root, get any id
oaaName(MyName) :-

com:com _GetInfo(ConnectionId, type(server)),
com:comGetInfo(ConnectionId, oaaname(MyName)),

% name: oaa class(MyClass)
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% purpose: Return the class (leaf, node, root) of the current agent

% if connected to a Facilitator, use this Id
oaa class(leaf) :-

com:comGetInfo(_, type(client)),
\+ com:comGetInfo(_, type(server)),

oaa class(node) :-
com:comGetInfo(_, type(client)),
com:com _GetInfo(_, type(server)), I.

oaa class(root) :-
com:comGetInfo(_, type(server)),
\+ com:comGetInfo(_, type(client)), I.

% name: oaaasserta(Clause, Owner, SpecifiedCallback)
% n oaaassertz(Clause, Owner, SpecifiedCallback)
% oaa retract(Clause, Owner, SpecifiedCallback)
% oaa retractall(Clause, Owner, SpecifiedCallback)
% oaa replaceall(Clausel, Clause2, Owner, SpecifiedCallback)
% purpose: Perform data updates with bookkeeping info (in oaadataref/3)
% remarks: These should only be used with data solvables having param
% bookkeeping(true).
% There are still a couple limitations related to data callbacks.
% First, callbacks don't work when bookkeeping(false).
% Second, oaareplaceall assumes the same callback is appropriate
% for both the old and new facts.

oaa asserta(Clause, Owner, Callback)
asserta(Clause, Ref),
now (Time),
assert(oaadataref(Ref, Owner, Time)),
oaa-callcallback(app on data_change, Callback, [add(Clause)]).

oaa assertz(Clause, Owner, Callback)
assertz(Clause, Ref),
now(Time),
assert(oaadataref(Ref, Owner, Time)),
oaacallcallback(app on data_change, Callback, [add(Clause)]).

oaa retract(Clause, Owner, Callback)
Clause = (Head :- Body) ->

true
otherwise ->

Head = Clause,
Body = true

clause(Head, Body, Ref),
retract(oaadata ref(Ref, Owner, _)) ->

erase(Ref),
oaacallcallback(app on datachange, Callback, [remove(Clause)])

oaa retractall(Clause, Owner, Callback)
Clause = (Head :- Body) ->

true
otherwise ->
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Head = Clause,
Body = true

clause(Head, Body, Ref),
retract(oaadataref(Ref, Owner, _)) ->

erase(Ref),
oaacallcallback(app on datachange, Callback, [remove(Clause)])

fail.
oaaretractall(_Clause, _Owner, _Callback).

oaa_replace all(Clausel, Clause2, Owner, Callback)
oaaretract(Clausel, _01dOwner, Callback),
oaa-assertz(Clause2, Owner, Callback),
% This would be redundant:
% oaacallcallback(app on datachange, Callback, [replace(Clausel,

Clause2)]),
fail.

oaa_replace all(_Clausel, _Clause2, _Owner, _Callback).

% Trigger Handling

% name: oaaCheckTriggers
% purpose: Given a trigger type, a mask and an Op (e.g. [send, receive],
% [add, remove], etc), see if any triggers fire.

oaaCheckTriggers(Type, Condition, Op)
% for each matching trigger
oaa solve local(

oaa trigger(TriggerId, Type, Condition, Action, Params),
C1 )I

(Type == task, \+ var(Condition)) ->

% We don't want this to succeed more than once, so use ->

( oaaInterpret(Condition, [from(self)]) -> true
otherwise ->

true

% see if on(Op) has been specified
(memberchk(on(OpSpecified), Params) ->

OpMask = OpSpecified

OpMask = _),

% see if Op is OK
(ground(OpMask), OpMask = [__) ->

memberchk(Op, OpMask)
otherwise ->

Op = OpMask

% test additional conditions
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(memberchk(test(Test), Params) ->
% We don't want this to succeed more than once, so use ->

oaaInterpret(Test, (from(self)]) -> true
Test = 'true'),

% check recurrence: remove trigger?
(removeelement(recurrence(R), Params, NewParams) ->

(R = whenever ->
true % don't remove trigger if 'whenever'

integer(R), R > 1 ->

R2 is R - 1,
% decrement recurrence count
oaa remove data local(

oaa_trigger(TriggerId, Type, Condition, Action, Params),
[1),

oaa add data local(
oaatrigger(TriggerId, Type, Condition, Action,

[recurrence(R2) INewParams]),
[])

oaaremovelocaltriggerby id(TriggerId)

R = when,
oaa-removelocal-triggerby id(TriggerId)

oaa_TraceMsg(
'-n-q trigger fired (-q): -q AND -q,-n Action: -q-n',

(Type, Op, Cond, Test, Action]),

(Type \== comm ->
oaaInform(trigger,

'triggerfired(-q,-q,-q,-q)-n',

(Type, Cond, Action, Params])
true),

% FIRE!!!
oaafire trigger(Action),

% loop back for more triggers
fail.

oaaCheckTriggers(_Type, _Cond, _Op).

oaafire trigger(oaaSolve(Goal, Params)) :-

memberchk(block(_), Params) ->

NewParams = Params
otherwise ->

append([block(false)], Params, NewParams)

oaaSolve(Goal, NewParams).
oaa fire trigger(oaaSolve(Goal))

oaaSolve(Goal, [block(false)]).
oaafire trigger(oaa_Interpret(Goal, Params))
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memberchk(from(_), Params) ->

NewParams = Params

otherwise ->

oaaId(Me),
append( [from(Me)] , Params, NewParams)

oaaInterpret(Goal, NewParams).
oaafire trigger(oaaInterpret(Goal)) -

oaaId(Me),
oaaInterpret(Goal, [from(Me)J).

oaafire trigger(Goal)
oaaId(Me),
oaaInterpret(Goal, [from(Me)]).

% name: oaaAddTrigger
% purpose: Adds a trigger according to parameters
% Type = comm, data, task, time
% Condition= comm:event to match, data:data to match, task:solvable to call
% time:@@
% Action = Can be any of these:
% oaa Solve(Goal, Params)
% oaaInterpret(Goal, Params)
% Goal [passed to oaa_Interpret with default params]
% Params =

% address(X): a list including 'self', 'parent', and/or the
% addresses of other client agents. Default: see below.
% test(T): additional tests before trigger will fire (@@needs work?]
% on(OP) : operation check: on(add), on(remove), on(receive), etc.
% recurrence(R): when, whenever, or integer (# of times to execute)
% reply({true,none}) : When a trigger is being added on
% a remote agent or agents, this tells whether reply message(s) are
% desired.
% block(Mode) : true: Block until the reply arrives.

false: Don't block. In
this case, the reply events
can be handled by the user's app do event callback

Default: true. Note that reply(none) overrides
block(true).

% get_address(X): Returns a list of addresses (ids) of agents that
were sent the request.

% get_satisfiers(X): Returns a list of addresses (ids) of agents that
successfully completed the request.

% Default destination for triggers:
% Data triggers: all agents with solvables matching the Condition
9% field.
% All other types: the local agent

oaaAddTrigger(Type, Condition, Action, InitialParams)
oaaupdate trigger(add, Type, Condition, Action, InitialParams)

% name: oaaRemoveTrigger
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% purpose: Removes a trigger from a local or remote agent

oaaRemoveTrigger(Type,Condition,Action,Params) -

oaa updatetrigger(remove, Type, Condition, Action, Params).

oaaupdatetrigger(Mode, Type, InCondition, Action, InParams)
(Type == comm, \+ InCondition = event(_, )) ->

Condition = event(InCondition, _
otherwise ->

Condition = InCondition

iclstandardizeparams(InParams, false, Params),
% Is there a specified address?
memberchk(address(Addr), Params) ->

true
otherwise ->

Addr = [1

% Decide whether or not to update locally:
oaaId(Me),

Addr \== [], memberchk(Me, Addr) ->

delete(Addr, Me, NewAddr),
replace_element(address(Addr), Params, address(NewAddr),
Self = true

Addr = [], Type == data, icl GetParamValue(reflexive(true)
% Do NOT use remove element here:
delete(Params, reflexive(true), Paramsl),
NewAddr = Addr,
Self = true

Addr = (], Type \== data ->

NewAddr = Addr,
Paramsl = Params,
Self = true

otherwise ->
NewAddr = Addr,
Paramsl = Params

Paramsl),

Params) ->

% Update locally if appropriate:
Self == true ->

Requesteesl = [Me]
Type == add ->

Functor = oaaaddtriggerlocal
otherwise ->

Functor = oaa-removetriggerlocal

LocalCall =.. [Functor, Type, Condition, Action, Paramsl],
call(LocalCall) ->
Updatersl = (Me]

I Updatersl = [])
otherwise ->

Requesteesl = [],
Updatersl = []

% Update remotely if appropriate:

DISH, Exh. 1008, p. 256

Petitioner Microsoft Corporation - Ex. 1008, p. 1417



oaa class(leaf), ((Addr == (], Type = data) ; NewAddr \== []) ->

% Send the request event to the Facilitator
oaaPostEvent(

ev posttrigger update(Mode,Type,Condition,Action,Paramsl), LI),
(iclGetParamValue(reply(asynchronous), Params)
iclGetParamValue(reply(none), Params)) ->

Requestees2 = (1
Updaters2 = [J

otherwise ->
% In the return event, Requestees lists all agents to whom
% the update request was sent; Updaters2 lists those who succeeded.
oaapoll untilevent(
ev-replytriggerupdated(Mode, Type, Condition, Action, Paramsl,

Requestees2, Updaters2))

otherwise ->

Requestees2 = []
Updaters2 = []

append(Updatersl, Updaters2, Updaters),
% Return Updaters if requested:
(memberchk(getsatisfiers(Updaters), Params) -> true true ),
append(Requesteesl, Requestees2, Requestees),
% Return Requestees if requested:
memberchk(getaddress(Requestees), Params) -> true true

oaaadd triggerlocal(Type, Condition, Action, Params)
gensym(trg, TriggerId),
oaa add data local(

oaa_trigger(TriggerId, Type, Condition, Action, Params),
[H )

oaa_remove_triggerlocal(Type, Condition, Action, Params)
oaa-remove data local(

oaa_trigger(_TriggerId, Type, Condition, Action, Params),
[]).

% name: oaa-removelocaltrigger-byid
% purpose: Removes a local trigger given its unique identifier

oaaremovelocal triggerbyid(TriggerId)
oaaremovedatalocal(oaatrigger(TriggerId, _. ), []),

% Requesting Services

% name: oaa Solve
% purpose: Sends work or information requests to distributed agents, brokered
% by the Facilitator agent
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% The default behavior (paramlist = []) is to act like the Prolog primitive
% call(Goal), blocking until Goal is finished, and unifying and backtracking
% over solutions for Goal.

% This behavior may be modified by a parameter list, which may contain:

cache(TF) : cache all solutions locally, and if good solutions
already exist in the cache, use the local values
instead of making a distributed request.

Default: false.
level limit(N) : highest number of hierarchical levels to climb for

solutions.
address(AgentId) : send request to specific agent, given its name or Addr

If AgentID is 'self', solves the goal locally
reply(Mode) : true: Reply desired.

none: No reply desired.
Default: true, except when the call to oaaSolve

is a trigger action, in which case it is
none. 'none' is used here instead of false,
because we anticipate some additional values.

block(Mode) : true: Block until the reply arrives.
false: Don't block. In

% this case, the reply events (evreplysolved)
% can be handled by the user's app do event callback
% Default: true, except when the call to oaaSolve
% is a trigger action, in which case it is
% false. Note that reply(none) overrides
% block (true)
% solution limit(N)

limits the maximum number of solutions found to N
% time limit(N) : Waits a maximum of N seconds before returning
% (failure if no solution found in time).
% context(C) : Passes a context value through any subsequent
% solves.
% parallelok(TF): if TF is 'true' (default), multiple agents
% that can solve the Goal will attempt to work on it
% in parallel. If 'false', one agent will be selected
% at a time to solve the goal, until the maximum
% number of requested solutions (see solutionlimit) is
% found.
% reflexive(TF)

If T F is -true', the Facilitator will consider the
originating agent when choosing agents to solve a
request. Default: true.

priority(P) : P ranges from 1 (low priority) to 10 (high priority)
with a default of 5.

flushevents(TF)
: will flush (dispose of) all events of lower priority

% currently queued at the destination agent. These
% events are lost, and will not be executed.
% This parameter should be used with caution!!!
% Default: false.
% get address(X) : Returns a list of addresses (ids) of agents that
% were asked to solve the goal, or one of its subgoals
% get satisfiers(X)

Returns a list of addresses (ids) of agents that
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succeeded in solving the goal, or one of its
subgoals.

strategy(S) Shorthand for certain combinations of the above
parameters. S is one of

query = [parallel ok(true)]
action = [parallel ok(false), solution limit(l)]
inform = [parallelok(true), reply(none)]

% Remarks: Note that certain combinations of parameters are inconsistent,
% and are handled as follows:
% reply(none) overrides block(true)
% reply(none) overrides parallelok(false)

% All of the above parameters may be used in the "global" parameter
% list (the second argument to oaaSolve), when Goal is non-compound.
% Most can be used in the global list with compound goals also.
% Some of these parameters can also be used in the NESTED parameter
% lists of compound goals. Uses of these parameters with compound
% goals are documented elsewhere. When that documentation exists,
% this will go there:
I With many compound goals, however, the get_satisfier/1 parameter isn't
% really meaningful. Thus, with compound goals, it is often best to use
% this parameter in a nested parameter list.

oaaSolve(Goal, InitialParams)
% Trace message
oaaTraceMsg('-n-nStarting oaaSolve request:-n -q (-q]...~n',

[Goal,Params]),

icl standardizeparams(InitialParams, false, Params),
% Check for inappropriate params

iclGetParamValue(cache(true), Params), iclcompoundgoal(Goal) ->

format('-w: -w (-w)-n Goal: -w-n',
['WARNING', 'Ignoring ''cache'' parameter',
'cannot be used with compound goal', Goal]),

Compound = true
otherwise ->

Compound = false

% Add context to params
oaacurrentcontexts(_, Contexts) ->

append(Contexts, Params, NewParams)
otherwise ->

NewParams = Params

I check cache
(iclGetParamValue(cache(true), NewParams), \+ Compound,
onexception(_, oaaInCache(Goal, Solutions), fail) ->

oaaTraceMsg('-n-nSolutions found in cache:-n -q.--n',
(Solutions])

% Should I solve this only locally?
(oaaId(Me),
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memberchk(address(Me), Params) ->
findall(Goal, oaa solve local(Goal, NewParams), Solutions)

% send request to Facilitator
oaa cont solve(Goal, NewParams, Solutions),

% print appropriate trace message
(iclGetParamValue(reply(none), NewParams) ->

oaaTraceMsg('-n-nMessage broadcast.-n', [])

oaaTraceMsg('-n-nSolutions returned:-n -q.-n',
[Solutions])

% cache returned solutions if necessary
((iclGetParamValue(cache(true), NewParams), Solutions \== [1) ->

oaaAddToCache(Goal, Solutions),
oaaTraceMsg('Solutions cached.-n', [])

I true)

), ,,

% backtrack over all solutions
member(Goal, Solutions).

oaa solve local(FullGoal, Params)
% Validate the goal:
iclGoalComponents(FullGoal, _, Goall, GoalParams),
oaa solvables(Solvables) -> true I otherwise -> Solvables = []),
icl compoundgoal (Goall)
iclBuiltIn(Goall) ;
oaagoalmatchessolvables(Goall, Solvables, Goal, Matched) ),

% More "local" params take precedence, so they go to the
% beginning of the list:
append([GoalParams, Params], AllParams),

% We don't want tests to be performed repeatedly with compound goals,
% so we remove them after testing.
passes tests(AllParams) ->

delete(AllParams, test(_), NewParams),
\+ var(Matched), Matched = solvable(_, SolvParams, _),
icl GetParamValue (type (data), SolvParams) ) ->

memberchk(solutionlimit(N), AllParams) ->

call n(N, Goal)
otherwise ->

call(Goal)

otherwise ->

memberchk(solution limit(N), AllParams) ->

calln(N, oaaInterpret(Goal, NewParams))
otherwise ->
oaaInterpret(Goal, NewParams)

59

DISH, Exh. 1008, p. 260

Petitioner Microsoft Corporation - Ex. 1008, p. 1421



otherwise ->
oaaTraceMsg('-nDoesn''t pass test in: -q-n', (AllParams]),

fail

oaa solve local(FullGoal, _Params)
format('-nError: do not know how to solve: -q-n', [FullGoal]), fail.

% name: oaa cont solve
% purpose: Post request for solutions, and if appropriate, poll until
% results are returned.

oaa cont solve(Goal, GlobalParams, Solutions)
% Send the ev-postsolve event to the Facilitator
oaaPostEvent(evpostsolve(Goal, GlobalParams), []),

% Compound goals may also contain relevant params
icl GoalComponents(Goal, _, _, Params),

append(Params, GlobalParams, AllParams),

% If delayed reply or no reply OK, succeed immediately
icl GetParamValue(reply(false), AllParams)
icl GetParamValue(reply(none), AllParams)
icl GetParamValue(block(false), AllParams) ) ->

Solutions = [Goal],
Requestees = []

Solvers = []

% otherwise wait for solutions to return

iclGetParamValue(priority(P), AllParams),
oaapolluntil event(evreplysolved(Requestees, Solvers, Goal,

SolvedParams, Solutions),
P),

% The facilitator is responsible for making SolvedParams
% unifiable with GlobalParams. This msg is to keep facilitator
% writers honest.
GlobalParams = SolvedParams ->

true
otherwise ->

format('-w: -w -w-n -w: -w-n',
['WARNING:', 'Params in solved event don''t unify',
'with original params', 'SolvedParams', SolvedParams])

% Return Solvers if requested:
(memberchk(getsatisfiers(Solvers), GlobalParams) -> true true ),
% Return Requestees if requested:

(memberchk(getaddress(Requestees), GlobalParams) -> true true ).

% name: oaaSolve/l
% purpose: Convenience function: oaaSolve with default parameters
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oaaSolve(Goal) :- oaaSolve(Goal, [)).

% name: oaa InCache
% purpose: Retrieve solutions from the cache if the goal we are
% asking for is properly contained in the cache (check subsumption)

oaaInCache(Goal, Solutions):-
oaacache(SomeGoal, _),
subsumeschk(SomeGoal, Goal),
I,
findall(Solution, oaa cache(Goal, Solution), Solutions).

% name: oaa AddToCache
% purpose: Add each solution to goal one at a time
% so we can retrieve solutions later using findall

oaaAddToCache(Goal, Solutions)
member(Solution, Solutions),

\+ oaa cache(Goal, Solution),
assert (oaacache (Goal, Solution)),
fail.

oaaAddToCache(_Goal, -Solutions).

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W%%%%%%%%%%%%%%%%%%%%%%%%%%%

% name: oaa ClearCache
% purpose: Clear the cache

oaa ClearCache
retractall(oaacache( , )).

% name: oaapolluntilevent
% purpose: Block until requested event arrives in oaaGetEvent
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

oaapoll_untilevent(Event) -
iclparamdefault(priority(P)),
oaa_poll untilevent(Event,P).

oaapoll untilevent(Event,Priority) :-
oaapoll_untilallevents([Event,Priority).

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%t%%%%%%%%%%%%%%%%%%%%%%%%

% name: oaapolluntil allevents
% purpose: Block until all requested events arrive

% no more events: we're done!
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oaapoll untilallevents([], _Priority) :- !.

%% @@Adam - you were apparently working on this; I corrected a syntax
%% error or two, but otherwise left it alone. - Dave
oaapolluntil allevents(EventList, Priority)

% If we have a waitingevent, grab it
% see problem description in (oaa is waitingfor)
(oaagrabwaiting event(EventList, Event)
oaaGetEvent(Event, Params, 0)),

% if timeout returned, check triggers and call user:oaaAppIdle
% then fail (continue with next clause)
(Event = timeout ->

oaaCheckTriggers(task, , )
oaa call callback(appidle, , [1),
fail

oaa_contpolluntilallevents(EventList, Event, Params, Priority)
), .

% if oaaGetEvent fails (e.g. timeout), just continue waiting
oaapolluntil all events(EventList, Priority) :-

oaapoll-until_allevents(EventList, Priority).

oaa_cont_polluntil allevents(EventList, Event, _Params, Priority)
remove element(Event, EventList, NewEventList), I,
oaapolluntilallevents(NewEventList, Priority).

oaacontpolluntilallevents(EventList, Event, Params, Priority)
% if the new event is a ev-reply-solved() message for which we
% are waiting at a higher recursive level, save this for
% a later time, until we pop back out to the correct level.
(oaa is waiting_for(Event) ->

assert(oaa_waitingevent(Event))

% record what events we are waiting for on this processing level
gensym(wait, WaitId),
assert(oaa_waiting_for(WaitId, EventList)),

(oaaProcessEvent(Event, Params) I true), I,

% level over, remove waiting statement
retract(oaa waitingfor(WaitId, EventList))

oaa polluntilallevents(EventList, Priority).

% Callbacks

% name: oaaRegisterCallback
% purpose: Declare what procedures should be used for callbacks. These

are application-defined procedures called by library code.

oaaRegisterCallback(CallbackID, CallbackProc)

62

DISH, Exh. 1008, p. 263

Petitioner Microsoft Corporation - Ex. 1008, p. 1424



CallbackProc = Module:Proc ->

true
otherwise ->

Module = user,
Proc = CallbackProc

retractall( oaa callback(CallbackID, _) ),
assert( oaacallback(CallbackID, Module:Proc) ).

oaacallcallback(CallbackID, SpecifiedCB, Args)
ground(SpecifiedCB) ->

SpecifiedCB = Module:Functor
otherwise ->
oaa callback(CallbackID, Module:Functor)

Call =.. [Functor I ArgsJ,
on exception(E,

Module:Call,
( oaaTraceMsg('WARNING (oaa.pl): Exception raised thru callback

handler (-w) :-n -q-n',
(Module:Functor, E]),

fail

oaacallcallback(_CallbackID, _SpecifiedCB, _Args).

% Debugging

% name: oaaTraceMsg
% purpose: If trace mode is on, display message and arguments

oaaTraceMsg(FormatString, Args)
(oaatrace(on) ->

format(FormatString, Args)
oaaInform(trace info, FormatString, Args)

true).

% name: oaaComTraceMsg
% purpose: If com trace mode is on, display message and arguments

oaaComTraceMsg(FormatString, Args)
(oaacomtrace(on) ->

format(FormatString, Args)
oaaInform(trace info, FormatString, Args)

true).

% name: oaa turn on debug
% purpose: start debugging if debug mode is on
% remarks:
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% Use predicateproperty and call so as to avoid errors in

% building and running a Quintus runtime system.

oaa turn ondebug -

(oaa_debug(on) ->
predicateproperty(user:trace, built-in) ->

call(user:trace)
true

Itrue).

% name: oaaturnoffdebug
% purpose: stop debugging if debug mode is on

% remarks:
% Use predicateproperty and call so as to avoid errors in
% building and running a Quintus runtime system.

oaaturnoff_debug
(oaa_debug(on) ->

predicateproperty(user:nodebug, builtin) ->

call(user:nodebug)
true

I true).

% User Interface

% name: oaa Inform

% purpose: sends a typed message to interested agents

oaaInform(TypeInfo, FormatString, Args)
oaaTraceMsg(FormatString, Args),

(oaaclass(leaf) ->
sprintf(Result, FormatString, Args),

oaaSolve(inform(TypeInfo, Result), [strategy(inform)])

true

% Connection primitives

%%% BUG/HACK!!!!!
% tcp_send/l is not currently defined (new version of quintus)

% so these predicates should fail. This means we can't have
% multilevel facilitators.
% However, if we fix it by the tcpsend/2 version (commented out),
% killing the agent doesn't shut down both connections and the

% facilitator server doesn't register the agent as disconnected.
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% This must be fixed, but I don't have time now...

% Ask the root agent for the address of facilitator FacName.
% Either FacId or FacName may be bound.
% IMPORTANT: This assumes the root agent is the only connection when
% this is called.
% @@Not happy with the use of a Connection number in the address param here.
% Can an address be a connection number as well as an id or name??? [No.]

% get_address(FacId, FacName, Port, Host):-
% tcp_connected(RootConnection),
% oaaSolve(agentlocation(FacId, FacName, Port, Host),
% [address(RootConnection)]).

%% succeed if FacName has not been registered with the root agent.
%% otherwise, ask user to enter a different name for FacName

% checkname_duplication(MyName, NewMyName) :-
% tcp_send(evcheckagentname(MyName)),
% oaa select event(O, X),
% oaa extract event(X, Result, ), %% 'UNIQUE'
% (Result == 'UNIQUE' -> NewMyName = MyName

% format('Name is duplicated-n', []),
% format('The following are registered -n -q -n', [Result]),
% format('Input agent name again:', []),
% read(NewMyName)).

% report_address to root(MyName, NewAddress):-
% tcpsend(registerportnumber(MyName, NewAddress)).

% routines to fix bug:
% blocking solvel
% incoming event generates blocking solve2
% solution to solvel thrown away!!!
% solutions to solve2
% stuck waiting for solvel forever

% name: oaa is waitingfor
% purpose: Check to see if the current event is something we are waiting

for on a higher recursive level

oaa is waitingfor(Event)
oaa_waiting for(_Id, EventList),
memberchk(Event, EventList).

% name: oaagrabwaitingevent
% purpose: If one of the delayed events is in the EventList that we are
% waiting for, return this event and remove from delayed list

oaagrabwaiting event(EventList, Event) :-
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oaawaitingevent(Event),
memberchk(Event, EventList),

retract(oaawaitingevent(Event)).

% OAA Utilities

% name: oaa-remove solvables data(Solvables).
% purpose: For each data solvable, remove all clauses belonging to it.
% remarks: - Solvables must be in standard form, and should include only

data solvables.
- Permissions are ignored.

oaa-remove solvables data([]).
oaa-remove solvables data([Solvable I Solvables))

Solvable = solvable(Goal, Params, _Perms),
icl GetParamValue(type(data), Params),
\+ memberchk(synonym(_ , _), Params),

% This should have already been done, but to be safe:
(clause(Goal, , ) -> true I true),
predicateskeleton(Goal, Skeleton),
oaaremovedatalocal(Skeleton, [doall(true)]) ->

true
otherwise ->

format('-w: Problem in removing all data for solvable: -w-n',
['! ERROR', Goal])

oaa-remove solvables data(Solvables).
oaa-removesolvables data([_Solvable I Solvables])

oaa-remove solvables data(Solvables).

oaa-remove data owned by(Id) :-
(oaasolvables(Solvables) -> true I otherwise -> Solvables = []),
oaa built in solvables(BuiltIns),
append (Builtns, Solvables, AllSolvables),
oaaremovedataownedby(AllSolvables, Id).

oaaremovedataownedby([], _Id).
oaa-removedataownedby(USolvable I Solvables], Id)

Solvable = solvable(Goal, Params, Perms),
iclGetParamValue(type(data), Params),
\+ icl GetParamValue (persistent (true), Params),
\+ iclGetParamValue(synonym(_, _), Params),

% This should have already been done, but to be safe:
(clause(Goal, , ) -> true I true),
predicateskeleton(Goal, Skeleton),

oaa remove data local(Skeleton, [owner(Id), do all(true)]) ->

true
otherwise ->

format('-w: Problem in removing data owned by -w for solvable:-n -w-n',
['! ERROR', Id, Goal])
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oaaremovedataownedby(Solvables, Id).
oaa-removedata owned by([ Solvable I Solvables], Id)

oaaremove-dataownedby(Solvables, Id).

% General Utilities

% name: oaa-consult(+FilePath, -AbsFileName).
% purpose:
% remarks: We don't use Quintus' builtin consult, because it's too picky

about associating predicates with files.

oaa consult(FilePath, AbsFileName)
absolute file name(FilePath, AbsFileName),
canopen file(AbsFileName, read, fail),
open(AbsFileName, read, Stream),
load clauses(Stream),
close(Stream).

% name: load clauses(+Stream).
% purpose:

load clauses(Stream)
repeat,
read term(Stream, [], Term),
(Term = ':-'(-Body) ->

true
Term = end of file ->

true
otherwise ->

load clause (Term)

at end of file(Stream) ->

otherwise ->

fail

% name: load clause(+Term).
% purpose:

load clause(Term)
assert( Term )

% name: oaadeclareforprolog(Solvables).
% purpose: For each solvable, make sure it's known to Prolog as a dynamic
% predicate. This will prevent exceptions and warnings from
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% calls and retracts before there have been any asserts.
% remarks: Solvables must be in standard form, and should include only
% data solvables.
% This is probably Quintus-specific.
% We are assuming that none of these predicates are known to
% Prolog as compiled predicates. Would be better to check for this.

oaadeclare_forprolog([).
oaadeclare_forprolog([solvable(Pred, , ) I Rest])

copy term(Pred, PredCopy),
( clause(PredCopy, _Body) -> true I true ),
oaadeclare forprolog(Rest).

% name: predicate%%skeleton(+oal, +Skeleton).

predicate skeletonCGoal, Skeleton)
functor(Goal, Functor, Arity),
functor(Skeleton, Functor, Arity).

% name: sprintf
% purpose: C-like command formats a string + args into an atom

sprintf(AtomResult, FormatStr, Args)
with outputtochars(format(FormatStr, Args), Chars),
name(AtomResult, Chars).

% name: memberchk nobind
% purpose: like memberchk, but doesn't bind variables in Elt when doing test.

memberchk nobind(Elt, [HI_)
would_unify(Elt, H), !.

memberchk nobind(Elt, [_IT])
memberchk nobind(Elt, T).

% name: would unify
% purpose: succeeds if X and Y WOULD unify, but doesn't actually do the
% unification (no variables are bound by test)

wouldunify(X,Y) :- \+ \+ X = Y.

% name: remove element
% purpose: Removes the element X from a list
% remarks: Fails if X is not an element in the list

removeelement(X, [XlRest], Rest) .-
removeelement(X, [YIRest], [YIRest2]) :- remove element(X, Rest, Rest2).
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% name: replaceelement(Elt, List, New, NewList)
% purpose: Replaces the element Elt, if present in List, with the element New
% remarks: If there are multiple occurrences of Elt, only replaces the first

replace_element(Elt, [EltiRest, New, [NewiRest%)%%
replace_element(Elt, [YlRest], New, [NYRest2])

replace element(Elt, Rest, New, Rest2) .

% name: selectelements(List, Selector, NewList)
% purpose: Selects all List elements for which Selector(element) succeeds.
% remarks: If there are multiple occurrences of Elt, only replaces the first

selectelements([, _Selector, []).
selectelements((Element I Elements], Selector, [Element I Selected]) -

Test =.. [Selector, Element],
call( Test ),

selectelements(Elements, Selector, Selected).
select elements([_Element I Elements], Selector, Selected)

select elements(Elements, Selector, Selected).

% name: calln(+N, +Goal)
% purpose: Call Goal with a limit on the number of solutions generated.

calln(l, Goal)
call (Goal),

call n(N, Goal)
% Remember the counter's value in case anyone else is using it.
ctr is(12, CtrOrig),
call n aux(N, Goal, CtrOrig).

call n aux(N, Goal, CtrOrig)
N > 1,
ctr set(12, 1),
call (Goal),
ctr inc(12, 1, M),

M =< N ->

true
otherwise ->

ctr set(12, CtrOrig),

fail

% This clause is for when the Goal fails before M > N:
call n aux(_N, _Goal, CtrOrig)

ctr_set(12, CtrOrig),

fail.
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% findall with a limit on the number of solutions generated.
findNSolutions(O, _Var, _Predicate, [1).
findNSolutions(l, Var, Predicate, [Var])

call (Predicate), !.
findNSolutions(l, _Var, _Predicate, [J)
findNSolutions(N, Var, Predicate, Solutions)

N > 1,
% Save the counter's value in case anyone else is using it.
ctr is(12, CtrOrig),
ctr set(12, 1),
findall (Var,

(Predicate, ctr inc(12, 1, M),
(M >= N -> ! I otherwise -> true)),

Solutions),
ctr set(12, CtrOrig).

% No longer used: replaced or obsolete

% initialize all data flags
% oaainitflags :-

% set appropriate prolog flags
prologflag(fileerrors, _, on),
prologflag(syntax_errors, _, error),
% Let's use retractall so as to avoid unknown exceptions when tracing:
retractall(oaa cache( (, )
retractall(oaaalreadyloaded(_)),
assert(oaatrace(off)),
assert(oaadebug(off)),
assert(oaa com trace (off)),
tcp-trace(-,off).
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% File translations.pl
% Primary Authors : David Martin, Adam Cheyer
% Purpose : Provides translations for backward compatibility with OAA 1.0

% Unpublished-rights reserved under the copyright laws of the United States.

% Unpublished Copyright (c) 1998, SRI International.
% "Open Agent Architecture" and "OAA" are Trademarks of SRI International.

% This file is loaded by facilitator code, and thus no
% module imports are needed here.

% Currently, we support a 3.0 facilitator with a mix of 3.0 and/or pre-3.0
% clients.
% A pre-3.0 facilitator with a 3.0 client is NOT supported, and probably
% never will be.

multifile oaaAppDoEvent/2.

% At present we only support the case where the facilitator is 3.0, and
% the client is pre-3.0.

% Here we can ignore the languages.
oaa event translation(2.0, LI, 3.0, L2, Connection, Eventl, Event2)

oaa-event translation(2.1, LI, 3.0, L2, Connection, Eventl, Event2).
oaaeventtranslation(2.1, _LI, 3.0, _L2, _Connection, Eventl, Event2)

Eventl = event(From, Contentsl, Priority) ->

Params2 = [from(From), priority(Priority)]
Eventl = event(From, Contentsl) ->

Params2 = [from(From)]

Eventi = Contentsl ->

Params2 = []

ev trans 21 30(Contentsl, Contents2) ->

true
otherwise ->

Contents2 = Contentsl

Event2 = event(Contents2, Params2).

% Here we can ignore the languages.
oaaeventtranslation(3.0, LI, 2.0, L2, Connection, Eventl, Event2)

oaa-event translation(3.0, L1, 2.1, L2, Connection, Eventl, Event2).
oaaeventtranslation(3.0, _LI, 2.1, _L2, _Connection, Eventl, Event2)

Eventl = event(Contentsl, Paramsl,
ev trans_30_21(Contentsl, Paramsl, Contents2) ->

true
otherwise ->

Contentsl = Contents2

memberchk(from(KS), Paramsl) ->
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Event2 = event(KS, Contents2)
otherwise ->
Event2 = Contents2

% Anything not specified explicitly stays the same:
oaaeventtranslation(3.0, _LI, 2.1, _L2, _Connection, El, El).

% The following could go to or from the facilitator.

evtrans_21_30 %traceon, ev trace on).
ev trans 21 30(trace off, evtrace off).
evtrans 21_30(tcptraceon, evcomtraceon)
evtrans_21_30(tcptrace_ofn, ev_comtrace_of).
ev trans 21_30(debugon, ev_debugon).
ev_trans_21_30(debug off, ev_debugoff).
evtrans_21_30(settimeout(N), evsettimeout(N)).
evtrans_21_30(halt, evhalt).

% The following are sent only from (pre-3.0) client to facilitator.

evtrans_21_30(post-event(Event), evpostevent(NewEvent))
ev trans_21_30(Event, NewEvent).

evtrans_21_30(post-event(To, Event), ev_post_event(To, NewEvent))
ev trans_21_30(Event, NewEvent).

evtrans_21_30(postquery(Goal, Params),
ev_post solve(Goal, [reflexive(false) I NewParams])).

paramstrans_21_30(Params, NewParams).

% This is the message from a facilitator to its parent facilitator;
% will probably evolve:
% evtrans_21 30(register_solvablegoals(AGL), register_solvable_goals(AGL)).
% NO, we don't want to translate this. The old form is still handled
% by the new facilitator:
% evtrans_21 30(register_solvablegoals(GoalList, KSName),
% evregister_solvables(add, GoalList, KSName,
% [ifexists(overwrite)])).

ev trans_21_30(solved(GoalId, FromKS, Goal, SolveParams, Solutions),
evsolved(GoalId, FromKS, Goal, SolveParams, Solutions)).

/* posttrigger/4: retained for backwards compatibility */
evtrans_21_30(posttrigger(test, Type, Cond, Action), NewEvent)

evtrans_21_30(posttrigger(test, Type, unused, unused, Cond, Action),
NewEvent).

/* posttrigger/4: retained for backwards compatibility */
evtrans_21_30(posttrigger(data, Type, Cond, Action), NewEvent)

ev-trans_2130(posttrigger(data, Type,
[onwrite, onwrite_replace, onreplace],
Cond, true, Action), NewEvent).
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/* posttrigger/4: retained for backwards compatibility */
ev trans_21_30(posttrigger(event, Type, Cond, Action), NewEvent)

evtrans_21_30(posttrigger(event, Type, [onreceive], Cond, true, Action),
NewEvent).

evtrans_21_30(posttrigger(Kind,Recur,OpMask,Template,Test,Action),
evposttrigger update(add,Mode,Condition,NewAction,Params))

Kind == test -> Mode = task

Kind == event -> Mode = comm
Kind == alarm -> Mode = time
otherwise -> Mode = Kind ),
Recur == whenever ->

Recurrence = [recurrence(whenever)]
otherwise ->

Recurrence = [recurrence(when)]

template trans 21 30(Kind, Template, Condition),
(var(Test) -> TestParam = [] I otherwise -> TestParam = [test(Test)] ),
( Mode == data, ev trans 21 30(Action, NewAction) -> true

I otherwise -> NewAction = Action ),
opmask trans 21 30(OpMask, OpParam),

Mode == data ->

oaa Id(FacId),
Addr = [address(FacId)]

otherwise ->

Addr = [H

append([Addr, [reply(none),reflexive(false)],
Recurrence, TestParam, OpParam], Params).

evtrans_21_30(posttrigger(KS, Kind,Recur,OpMask,Template,Test,Action),
evposttriggerupdate(add,Type,Condition,NewAction,Params))

Kind == test -> Type = task

Kind == event -> Type = comm
Kind == alarm -> Type = time
otherwise -> Type = Kind),
Recur == whenever ->

Recurrence = recurrence(whenever)
otherwise ->

Recurrence = recurrence(when)

template trans 21 30(Kind, Template, Condition),
(var(Test) -> TestParam = [] otherwise -> TestParam = [test(Test)] ),
oaa Id(FacId),

KS == FacId, ev trans 21 30(Action, NewAction) -> true

otherwise -> NewAction = Action ),
opmasktrans 21 30(OpMask, OpParam),
append([(address(KS), reply(none), reflexive(false)],

Recurrence, TestParam, OpParam],
Params).

params_trans 21 30([], (]).
params_trans 21 30([Param I Params], [NewParam I NewParams])

param trans2130(Param, NewParam) ->

true
otherwise ->

NewParam = Param

),3
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paramstrans_21_30(Params, NewParams).

paramtrans_21_30(cache, cache(true)).
paramtrans_21_30(solutionlimit(N), solutionlimit(N)).
paramtrans_21_30(reflexive, reflexive(true)).
paramtrans 21 30(address(A), address(NewA)) :-

(islist(A) -> NewA = A I otherwise -> NewA = [A])
paramtrans_21_30(broadcast, reply(none)).
paramtrans 21 30(asynchronous, reply(asynchronous)).
% @@DLM: is this handled?:
paramtrans_21_30(test(T), test(T)).
paramtrans_21_30(levellimit(N), level limit(N)).
paramtrans_21_30(timelimit(N), timelimit(N)).
% @@DLM: NOT HANDLED!:
paramtrans_21_30(andparallel, and_parallel).
paramtrans21 30(orparallel, orparallel).

% The following could go to or from the facilitator.

evtrans 30 21(evtraceon, _EvParams, traceon).
ev trans 30 21(ev trace off, _EvParams, trace-off).
evtrans_30_21(evcomtraceon, _EvParams, tcptrace on).
evtrans_30_21(evcomtraceoff, _EvParams, tcptraceoff).
evtrans_30_21(evdebugon, _EvParams, debug_on).
ev trans_30_21(evdebug_off, _EvParams, debug_off).
ev-trans_30_21(evsettimeoutN), _EvParams, settimeout(N)).
evtrans30_21(evhalt, _EvParams, halt).

% The following are sent only from facilitator to client.

evtrans_30_21(
evsolve(ID, Goal, NewParams),
EventParams,
solve(ID, Goal, Params))

paramstrans_30_21(Params, NewParams).

evtrans30_21(ev reply solved(_, Solved, Goal, SolveParams, Solutions),
EventParams,
solved(FromKS, Goal, SolveParams, Solutions))

Solved = [FromKS] ->

true
otherwise ->

FromKS = Solved

% OBSOLETE: forget these:
% evtrans_30_21(add_trigger(data, Type, Cond, Action),
% evtrans_30_21(addtrigger(event, Type, Cond, Action)
% evtrans_30_21(add_trigger(test, Type, Cond, Action)
% @@DLM: Don't think this is needed:
% evtrans30 21(inform-ui(TypeInfo, Result), ))

ev trans 30 21(
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ev-updatetrigger(_ID, add, Type, Condition, Action, TrigParams),
EventParams,
add trigger(Kind, Recur, OpMask, Template, Test, Action)
Type = task -> Kind == test
Type = comm-> Kind == event
Type = time-> Kind == alarm
otherwise -> Type = Kind ),
memberchk(recurrence(whenever), TrigParams) ->
Recur = whenever
otherwise ->
Recur = when

Template = Condition,
(memberchk(test(Test), TrigParams) -> true otherwise -> Test =

(memberchk(on(OpParam), TrigParams) ->
true
otherwise ->
OpParam = -

opmask trans 30 21(OpParam, OpMask),
(memberchk(test(Test), TrigParams) -> true true

params_trans 30 21([), (1).
params_trans 30 21([Param I Params], [NewParam I NewParams])

param trans3021(Param, NewParam) ->
true
otherwise ->
NewParam = Param

params trans_30_21(Params, NewParams).

paramtrans_30_21(cache(true), cache).
paramtrans_30_21(solutionlimit(N), solution limit(N)).
paramtrans 30 21(reflexive(true), reflexive).
% @@DLM: double-check this:
paramtrans_30_21(address(A), address(A)).
param-trans 30 21(reply(none), broadcast).
paramtrans 30 21(reply(asynchronous), asynchronous).
% @@DLM: is this handled?:
paramtrans_30_21(test(T), test(T)).
paramtrans_30_21 (levellimit(N) , levellimit(N)).
paramtrans_30_21(timelimit(N), timelimit(N)).
% @@DLM: NOT HANDLED!:
param trans 30_21(andparallel, andparallel).
paramtrans30 21(orparallel, orparallel).

% The following are sent only from a pre-3.0 facilitator to a client.
% Backwards compatibility not currently supported.

% ev trans 21 30(solved(FromKS, Goal, SolveParams, Solutions),
ev_replysolved([FromKS], Solvers, Goal, SolveParams, Solutions))

Solutions == [H ->
Solvers = [H
otherwise ->
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Solvers = (FromKS]

memberchk(getaddress(FromKS), SolveParams) ->

true
I otherwise ->
FromKS = unknown

% Auxiliary procedures.

% Returns either a Singleton list or an empty list.
opmask_trans 21 30(OpMask, [)

var(OpMask),

opmasktrans_21 30(OpMask, OpParam)
\+ is list(OpMask),

opmask trans 21 30([OpMask], OpParam).
opmasktrans2130([], [1).
opmask_trans 21 30([Elt I Rest], [EltTrans RestTrans])

opmask-elttrans2130(Elt, EltTrans),
I,

opmask trans 21 30(Rest, RestTrans).
opmask_trans_21_30([_Elt I Rest), RestTrans)

opmask-trans2130(Rest, RestTrans).
opmaskelttrans_21_30(onsend, on(send)).
opmaskelt_trans_21_30(onreceive, on(receive)).
opmask_elttrans 21 30(onwrite, on(add)).
opmaskelt trans_21_30(onretract, on(remove)).
opmaskelttrans_21_30(onreplace, on(replace)).
% This one probably doesn't have a precise translation:
opmaskelttrans_21_30(onwritereplace, on(replace)).

opmask_trans 30 21(OpMask, OpMask)
var(OpMask),
I.

opmasktrans_30 21(OpMask, OpParam)
\+ is list(OpMask),
I,

opmask trans 30 21([OpMask], OpParam).
opmasktrans_30_21([), [H).
opmasktrans 30 21([Elt I Rest], [EltTrans I RestTrans])

opmask-elttrans3021(Elt, EltTrans),
,

opmask_trans3021(Rest, RestTrans).
opmask trans 30 21([_Elt I Rest), RestTrans)

opmask -trans -30 -21(Rest, RestTrans).

opmaskelttrans_30_21(on(send), onsend).
opmaskelttrans_30_21(on(receive), onreceive).
opmask elttrans_30_21(on(add), onwrite).
opmaskelttrans_30_21(on(remove), onretract).
opmaskelttrans 30 21(on(replace), onreplace).
% This one probably doesn't have a precise translation:
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opmask_elttrans_30_21(on(replace), onwrite_replace).

template_trans_21_30(data,
data(ksdata, [AgentId,Status,Solvables,Name]),
agent_data(AgentId,Status,Solvables,Name))

template_trans_21_30(data, Template, Template)

template_trans_21_30(event, Template, Condition)
I,

ev trans_21_30(Template, Condition).
template_trans_21_30(_, Template, Template).

% Event handlers for selected pre-3.0 events.

% In these cases, this approach is easier than providing an event
% translation.

oaa AppDoEvent(registersolvablegoals(GoalList), Params)
memberchk( connection id(Connection), Params),

% This hack inherited from b.pl:
oaaAppDoEvent(registersolvable goals(GoalList, Connection),

Params).

oaa_AppDoEvent(registersolvablegoals(GoalList, Name), Params)
memberchk( connection id(Connection), Params),

update connected(Connection, [oaaname(Name)]),
iclConvertSolvables(GoalList, Solvables),
oaaAppDoEvent(evregistersolvables(add, Solvables,Name,(if exists(overwri

te)]),

Params).

oaaAppDoEvent(can solve(Goal), EvParams)
memberchk(from(KS), EvParams),
findall(SomeKS, choose ks forgoal(KS, Goal, _, [], SomeKS, _), AgentList),
oaaPostEvent(returncansolve(Goal, AgentList), [address(KS)]).

% BB events

oaaAppDoEvent(writebb(ksdata, [Id,Status,Solvables,Name]),
EvParams)

var(Solvables) ->

% (Surely this never happens.)
oaa:oaaadddatalocal(agentdata(Id,Status,Solvables,Name), [from(Id)])

otherwise ->
icl ConvertSolvables(Solvables, FormalSolvables),
oaaAppDoEvent(evregistersolvables(add, FormalSolvables,Name,

[ifexists (overwrite)]),
(from(Id) I EvParams])

oaaAppDoEvent(writebb(oaaversion, V), EvParams)
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memberchk(from(Id), EvParams),
% oaa:oaaadd data local(data(oaa_Version, V), [from(Id)]),
com GetInfo(ConnectionId, oaa id(Id)),
comAddInfo(ConnectionId, agent version(V)).

oaa_AppDoEvent(writebb(language, Language), EvParams)

memberchk(from(Id), EvParams),
corn GetInfo(ConnectionId, oaa id(Id)),
comAddInfo (ConnectionId, agentlanguage (Language)).

oaa_AppDoEvent(writebb(kshost, Host), EvParams)

memberchk(from(Id), EvParams),
oaa:oaasolvelocal(agentdata(Id, , , Name), []),
oaa:oaa-add data local(agent host(Id, Name, Host),

[from(Id) I EvParams]).
oaaAppDoEvent(writebb(Item, Data), EvParams)

memberchk(from(Id), EvParams),
oaa:oaa add data local(data(Item, Data), [from(Id)]).

oaa_AppDoEvent(writeoncebb(Item, Data), EvParams) :-
(Item = ksdata ; Item = oaa version ; Item = language ; Item = kshost),

oaaAppDoEvent (writebb (Item, Data), [single value (true) I EvParams]).
oaa_AppDoEvent(writeoncebb(Item, Data), EvParams)

memberchk(from(Id), EvParams),
oaa:oaa add data local(data(Item, Data), [from(Id), single value(true)]).

oaaAppDoEvent(write_replace bb(Item, Data), EvParams) :-
(Item = ksdata ; Item = oaa version ; Item = language ; Item = kshost),

oaa AppDoEvent(writebb(Item, Data), [unique values(true) I EvParams]).
oaa_AppDoEvent(write_replace bb(Item, Data), EvParams)

memberchk(from(Id), EvParams),
oaa:oaaadddatalocal(data(Item, Data), [from(Id), uniquevalues(true)]).

oaaAppDoEvent (replacebb(ksdata, [A,open,C,Namej, [A,ready,C,Name]),
EvParams)

oaaAppDoEvent(ev ready(Name), EvParams).
oaaAppDoEvent (replacebb (ksdata, [Id, Status, Solvables,Name],

[NewId, NewStatus, NewSolvables, NewName]),
EvParams) -

var(NewSolvables) ->

oaa :oaareplacedatalocal (agentdata (Id, Status, Solvables,Name),
[from(Id), with(agent data(NewId,NewStatus,NewSolvables,NewName))])

otherwise ->
icl ConvertSolvables(NewSolvables, FormalSolvables),
oaaAppDoEvent (evregistersolvables (add, FormalSolvables,NewName,

[if exists (overwrite)]),
[from(NewId) I EvParams])

oaa_AppDoEvent(replacebb(Item, OldData, NewData), EvParams)
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memberchk(from(Id), EvParams),
oaa:oaa_replace datalocal(data(Item, OldData),

(from(Id), with(data(Item, NewData))]).

% @@DLM: May need more special-purpose clauses starting here:
oaa_AppDoEvent(retractbb(Item, Data), EvParams)

memberchk(from(Id), EvParams),
oaa:oaa-remove-data local (data (Item, Data), (from(Id)]).

oaa_AppDoEvent(readbb(ksdata, [AgentId,Status,Solvables,NameJ), EvParams) :-
I ,

memberchk(from(Id), EvParams),
findall(readbb(ksdata, (AgentId, Status,Solvables,Name]),

oaa:oaa-solvelocal(agentdata(AgentId,Status,Solvables,Name), [1)
Solutions),

oaa simplify ksdata(Solutions, Simplified),
oaaPostEvent(returnreadbb(Simplified), [address(Id)]).

oaa_AppDoEvent(readbb(KS,kshost,Host), EvParams)

memberchk(from(Id), EvParams),
findall(readbb(KS, kshost, Host),

oaa:oaasolvelocal(agenthost(KS,_,Host), [1),
Solutions),

oaaPostEvent(returnreadbb(Solutions), [address(Id)]).
oaaAppDoEvent(readbb(oaaversion,V), EvParams)

memberchk(from(Id), EvParams),
% Not sure if this works (but this clause is probably never called):
findall(readbb(oaaversion, V),

( comGetInfo(ConnectionId, oaaid(_)),
comGetInfo(ConnectionId, agent version(V)) ),

Solutions),
oaaPostEvent(returnreadbb(Solutions), [address(Id)]).

oaa_AppDoEvent(readbb(KS,oaa version,V), EvParams)

memberchk(from(Id), EvParams),
findall(readbb(KS, oaaversion, V),

( comGetInfo(ConnectionId, oaa id(KS)),
comGetInfo(ConnectionId, agent version(V))

Solutions),
oaaPostEvent(return read bb(Solutions), [address(Id)]).

oaa_AppDoEvent(readbb(Item,Data), EvParams)

memberchk(from(Id), EvParams),
findall(readbb(Item, Data),

oaa:oaa-solve local(data(Item, Data), []),
Solutions),

oaa PostEvent(returnreadbb(Solutions), [address(Id)]).
% @@The owner parameter isn't implemented yet for solve!

oaaAppDoEvent(readbb(_KS, Item,Data), EvParams)

memberchk(from(Id), EvParams),
findall(readbb(Item, Data),

oaa:oaa solve local(data(Item, Data), ]),

9
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Solutions),
oaaPostEvent(returnreadbb(Solutions), (address(Id)]).

oaa_simplifyksdata([], [M).
oaasimplify ksdata([KSData I Rest], (Simplified I RestSimp])

KSData = read bb(ksdata, (A, B, Solvables, D]),
iclConvertSolvables(SimplifiedSolvables, Solvables),
Simplified = readbb(ksdata, [A, B, SimplifiedSolvables, D]),
oaa simplify ksdata(Rest, RestSimp).

10
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IN THE CLAS:

r-implemented method for communication and cooperative task

among a plurality of distributed electronic agents, comprising the

3

4

5

6

7

8

9

10

11

12

13

2

3

4

5

6

7

8

' 1

2

3

5

6

2

3

1

2

Attornev Docket No: SRI I P01 6(3477)/BRC/EWJ

acts of:

registering a desc ption of each active client agent's functional capabilities, using an

expandable, latform-independent, inter-agent language;

receiving a request fo service as a base goal in the inter-agent language, in the form

of an arbitrarily omplex goal expression; and

dynamically interpreting 'he goal expression, said act of interpreting further

comprising:

generating one or m re sub-goals using the inter-agent language; and

dispatching each of th sub-goals to a selected client agent for performance,

based on a matc between the sub-goal being dispatched and the

registered functio al capabilities of the selected client agent.

2. A computer-implemented ethod as recited in claim 1, further including the

following acts of:

receiving a new request for service as base goal using the inter-agent language, in

the form of another arbitrarily c plex goal expression, from at least one of

the selected client agents in respo e to the sub-goal dispatched to said agent;

and

recursively applying the last step of claim 1 i order to perform the new request for

service.

3. A computer plemented method recited in claim 2 wherein the act

of registering a specific ag t further includes:

invoking the speci c agent in order to activat the specific agent;

instantiating an in tance of the specific agent; d

transmitting the ew agent profile from the sp cific agent to the facilitator

agent in response to the nstantiation of the specific agent.

4. A corn uter implemented method as recited in claim 1 further

including the act of de ctivating a specific client agent no longer available to provide

services by deleting t e registration of the specific client agent.

5. A co, puter implemented method as recited in claim 1 further

comprising the act o providing an agent registry data structure.

I
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6. Acc uter implemented method as recited .. laim 5 wherein the

agent registry data structure includes at 1 st one symbolic name for each active agent.

7. A computer implemented method as recited in claim 5 wherein the

agent registry data structure includes a least one data declaration for each active

agent.

8. A computer impleme d method as recited in claim 5 wherein the

agent registry data structure includ s at least one trigger declaration for one active

agent.

9. A computer imple ented method as recited in claim 5 wherein the

agent registry data structure in ludes at least one task declaration, and process

characteristics for each active a nt.

10. A computer im lemented method as recited in claim 5 wherein the

agent registry data structure i ludes at least one process characteristic for each active

agent.

11. A computer implemented method as recited in claim 1 further

comprising the act of estab shing communication between the plurality of distributed

agents.

12. A comput r implemented method as recited in claim 1 further

comprising the acts of:

receiving a requ st for service in a second language differing from the inter-

agent language;

selecting a re stered agent capable of converting the second language into the

inter-agent language- and

forwarding e request for service in a second language to the registered agent

capable of conve ing the second language into the inter-agent language, implicitly

requesting that s ch a conversion be performed and the results returned.

13. computer implemented method as recited in claim 12 wherein the

request includ s a natural language query, and the registered agent capable of

converting th second language into the inter-agent language service is a natural

language age. t.

14. A computer implemented method as recited in claim 13 wherein the

natural Ian uage query was generated by a user interface agent.
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1 15. A copter implemented me hod as recited inm 1, wherein the

base goal requires setting a trigger having c nditional functionality and consequential

3 functionality.

1 16. A computer implemented ethod as recited in claim 15 wherein the

2 trigger is an outgoing communications trigger, the computer implemented method

3 further including the acts of:

4 monitoring all outgoing comm nication events in order to determine whether a

5 specific outgoing communication eve t has occurred; and

6 in response to the occurrenc of the specific outgoing communication event,

7 performing the particular action defi ed by the trigger.

1 17. A computer implem, nted method as recited in claim 15 wherein the

2 trigger is an incoming communic tions trigger, the computer implemented method

3 further including the acts of:

4 monitoring all incoming mmunication events in order to determine whether

5 a specific incoming communication event has occurred; and

6 in response to the occ ence of a specific incoming communication event

7 satisfying the trigger con itional functionality, performing the particular

8 consequential functionality de ined by the trigger.

1 18. A computer i plemented method as recited in claim 15 wherein the

2 trigger is a data trigger, the omputer implemented method further including the acts

3 of:

4 monitoring a state f a data repository; and

5 in response to a p rticular state event satisfying the trigger conditional

6 functionality, performin the particular consequential functionality defined by the

7 trigger.

1 19. A co puter implemented method as recited in claim 15 wherein the

2 trigger is a time trig er, the computer implemented method further including the acts

3 of:

4 monitorin for the occurrence of a particular time condition; and

5 in respon e to the occurrence of a particular time condition satisfying the

6 trigger conditio al functionality, performing the particular consequential functionality

7 defined by the rigger.

1 20. A computer implemented method as recited in claim 15 wherein the

2 trigger is in alled and executed within the facilitator agent.
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21. A cotter impleme ted method as recited 0  aim 15 wherein the

2 trigger is installed and executed wit in a first service-providing agent.

1 22. A computer imple nted method as recited in claim 15 wherein the

2 conditional functionality of the tri ger is installed on a facilitator agent.

1 23. A computer impl mented method as recited in claim 22 wherein the

consequential functionality is i stalled on a specific service-providing agent other

3 than a facilitator agent.

1 24. A compute implemented method as recited in claim 15 wherein the

2 conditional functionality of the trigger is installed on a specific service-providing

3 agent other than a facilit tor agent.

1 25. A com ter implemented method as recited in claim 15 wherein the

2 consequential functio ality of the trigger is installed on a facilitator agent.

1 26. A co puter implemented method as recited in claim I wherein the

2 base goal is a comp und goal having sub-goals separated by operators.

1 27. A c mputer implemented method as recited in claim 26 wherein the

2 type of available operators includes a conjunction operator, a disjunction operator,

3 and a conditiona execution operator.
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0 0
28. A computer i plemented method as recited in claim 27 wherein the type

of available operators fu er includes a parallel disjunction operator that indicates that

disjunct goals are to be/erformed by different agents.

Attorney Docket No: SRIIP016(3477)/BRC/EWJ Page 50 of 59

DISH, Exh. 1008, p. 287

Petitioner Microsoft Corporation - Ex. 1008, p. 1448



1 29. A coo.,uter progran stored on a comutereable medium, the

2 computer program executable to facilitate cooperative task completion within a

3 distributed computing environmen, the distributed computing environment including

4 a plurality of autonomous electro ic agents, the distributed computing environment

5 supporting an Interagent Co munication Language, the computer program

6 comprising computer executable nstructions for:

7 providing an agent reg stry that declares capabilities of service-providing

8 electronic agents currently acti e within the distributed computing environment;

9 interpreting a service r quest in order to determine a base goal that may be a

10 compound, arbitrarily comp x base goal, the service request adhering to an

11 Interagent Communication L guage (ICL), the act of interpreting including the sub-

12 acts of:

13 determining a y task completion advice provided by the base goal, and

14 determining ny task completion constraints provided by the base goal;

15 constructing a base oal satisfaction plan including the sub-acts of:

16 determinin whether the requested service is available,

17 determini sub-goals required in completing the base goal,

18 selecting ervice-providing electronic agents from the agent registry

19 suitable for perf rming the determined sub-goals, and

20 orderin a delegation of sub-goal requests to best complete the

21 requested serv ce; and

22 implementin the base goal satisfaction plan.
- 1 30. A c mputer program as recited in claim 29 wherein the computer

2 executable instruc on for providing an agent registry includes the following computer

3 executable instru tions for registering a specific service-providing electronic agent

4 into the agent re istry:

5 establis ng a bi-directional communications link between the specific agent

6 and a facilitato agent controlling the agent registry;

7 provid' g a new agent profile to the facilitator agent, the new agent profile

8 defining publc ly available capabilities of the specific agent; and

9 regis ring the specific agent together with the new agent profile within the

10 agent regist , thereby making available to the facilitator agent the capabilities of the

1 I specific a nt.
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1 31. A cop''Iter program as ecited in claim 30"erein the computer

2 executable instruction for registering a sp cific agent further includes:

3 invoking the specific agent in ord r to activate the specific agent;

4 instantiating an instance of the sp cific agent; and

5 transmitting the new agent pro le from the specific agent to the facilitator

6 agent in response to the instantiation of he specific agent.

32. A computer program s recited in claim 29 wherein the computer

2 executable instruction for providing agent registry includes a computer executable

3 instruction for removing a specifi service-providing electronic agent from the

4 registry upon determining that the pecific agent is no longer available to provide

5 services.

1 33. A computer progra as recited in claim 29 wherein the provided agent

2 registry includes a symbolic na e, a unique address, data declarations, trigger

3 declarations, task declarations, an process characteristics for each active agent.

1 34. A computer progr m as recited in claim 29 further including computer

2 executable instructions for recei ing the service request via a communications link

3 established with a client.

1 35. A computer pro ram as recited in claim 29 wherein the computer

2 executable instruction for prov: ing a service request includes instructions for:

3 receiving a non-ICL fo at service request;

4 selecting an active a ent capable of converting the non-ICL formal service

5 request into an ICL format s rvice request;

6 forwarding the non- CL format service request to the active agent capable of

7 converting the non-ICL rmat service request, together with a request that such

8 conversion be performed; and

9 receiving an IC format service request corresponding to the non-ICL format

10 service request.

1 36. A com uter program as recited in claim 35 wherein the non-ICL

2 format service reques includes a natural language query, and the active agent capable

3 of converting the no -ICL formal service request into an ICL format service request is

4 a natural language gent.

1 37. A omputer program as recited in claim 36 wherein the natural

2 language query i generated by a user interface agent.

DISH, FAd f zof. " 9
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38. Aco!erprogram as r cited in claim 29, computer- program

2 further including computer executable in tructions for implementing a base goal that

3 requires setting a trigger having conditio al and consequential functionality.

1 39. A computer program as ecited in claim 38 wherein the trigger is an

2 outgoing communications trigger, the computer program further including computer

3 executable instructions for:

4 monitoring all outgoing co unication events in order to determine whether a

5 specific outgoing communication vent has occurred; and

6 in response to the occurr nce of the specific outgoing communication event,

7 performing the particular action defined by the trigger. '

1 40. A computer pro ram as recited in claim 38 wherein the trigger is an

2 incoming communications trig er, the computer program further including computer

3 executable instructions for:

4 monitoring all incomi g communication events in order to determine whether

5 a specific incoming commun cation event has occurred; and

6 in response to the o currence of the specific incoming communication event,

7 performing the particular a ion defined by the trigger.

1 41. A computer program as recited in claim 38 wherein the trigger is a data

2 trigger, the computer pro am further including computer executable instructions for:

3 monitoring a stat of a data repository; and

4 in response to a articular state event, performing the particular action defined

5 by the trigger.

1 42. A co puter program as recited in claim 38 wherein the trigger is a

2 time trigger, the co puter program further including computer executable instructions

3 for:

4 monitorin for the occurrence of a particular time condition; and

5 in respo se to the occurrence of the particular time condition, performing the

6 particular actio defined by the trigger.

1 43. A computer program as recited in claim 38 further including computer

2 executable i structions for installing and executing the trigger within the facilitator

3 agent.

1 44. A computer program as recited in claim 38 further including computer

2 executabl instructions for installing and executing the trigger within a first service-

3 providin agent.
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1 45. A cower program recited in claim 29 fuo including computer

2 executable instructions for interpretin~ compound goals having sub-goals separated

3 by operators.

1 -46. A computer progra as recited in claim 45 wherein the type of

2 available operators includes a con unction operator, a disjunction operator, and a

3 conditional execution operator.

1 47. A computer progam as recited in claim 46 wherein the type of

2 available operators further inclu es a parallel disjunction operator that indicates that

3 disjunct goals are to be perfo d by different agents.

1 4S- A Interagent ommunication Language (ICL) providing a basis for

2 facilitated coopera ve task ompletion within a distributed computing environment

3 having a facilitator aent a da plurality of autonomous service-providing electronic

4 agents, the ICL enab ing agents to perform queries of other agents, exchange

5 information with other a nts, set triggers within other agents, an ICL syntax

6 supporting compound go expressions such that goals within a single request

F7 provided according to the L syntax may be coupled by a conjunctive operator, a

8 disjunctive operator, a c nditional execution operator, and a parallel disjunctive

9 operator parallel disjunc ive o erator that indicates that disjunct goals are to be

1o performed by different a ents.

1 49. An ICL s recited in claim 48, wherein the ICL is computer platform

2 independent.

1 50. An IC as recited in claim 48 wherein the ICL is independent of

2 computer programmi languages which the plurality of agents are programmed in.

1 51. An IC as recited in claim 48 wherein the ICL syntax supports explicit

2 task completion con traints within goal expressions.

1 52. An CL as recited in claim 51 wherein possible types of task

completion constr ints include use of specific agent constraints and response time

3 constraints.

1 53. A ICL as recited in claim 51 wherein the ICL syntax supports explicit

2 task completion dvisory suggestions within goal expressions.

1 54. n ICL as recited in claim 48 wherein the ICL syntax supports explicit

2 task completio advisory suggestions within goal expressions.
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55. An as recited in claim 48 wherein eal utonomous service-

2 providing electronic agent defines and pub ishes a set of capability declarations or

3 solvables, expressed in ICL, that describes s rvices provided by such electronic agent.

1 56. An ICL as recited in claim 5 wherein an electronic agent's solvables

2 define an interface for the electronic agent.

1 57. An ICL as recited in clai 56 wherein the facilitator agent maintains

2 an agent registry making available a plu ality of electronic agent interfaces.

1 58. An ICL as recited in c im 57 wherein the possible types of solvables

2 includes procedure solvables, a proc ure solvable operable to implement a procedure

3 such as a test or an action.

1 59. An ICL as recited * claim 58 wherein the possible types of solvables

2 further includes data solvables, a data solvable operable to provide access to a

3 collection of data.

1 60. An ICL as recit d in claim 58 wherein the possible types of solvables

2 includes data solvables, a dat solvable operable to provide access to a collection of

3 data.

I A facilitator bent arranged to coordinate cooperative task completion

2 within a distributed computi g environment having a plurality of autonomous service-

3 providing electronic agents the facilitator agent comprising:

4 an agent registry that declares capabilities of service-providing electronic

5 agents currently active thin the distributed computing environment; and

6 a facilitating en ine operable to parse a service request in order to interpret a

7 compound goal set fo h therein, the compound goal including both local and global

8 constraints and contr 1 parameters, the service request formed according to an

9 Interagent Commu cation Language (ICL), the facilitating engine further operable to

10 construct a goal s isfaction plan specifying the coordination of a suitable delegation

11 of sub-goal requ ts to complete the requested service satisfying both the local and

12 global constrain s and control parameters.

1 62. facilitator agent as recited in claim 61, wherein the facilitating

2 engine is ca able of modifying the goal satisfaction plan during execution, the

3 modifying i tiated by events such as new agent declarations within the agent registry,

4 decisions ade by remote agents, and information provided to the facilitating engine

5 by remote gents.
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1 63. A faco or agent as cited in claim 61 whl the agent registry

2 includes a symbolic name, a unique dress, data declarations, trigger declarations,

3 task declarations, and process characte istics for each active agent.

1 64. A facilitator agent as r ited in claim 61 wherein the facilitating engine

2 is operable to install a trigger mech nism requesting that a certain action be taken

3 when a certain set of conditions are et.

1 65. A facilitator agent s recited in claim 64 wherein the trigger

2 mechanism is a communication trigger that monitors communication events and

3 performs the certain action when a c rtain communication event occurs.

1 66. A facilitator agent as recited in claim 64 wherein the trigger

2 mechanism is a data trigger that m nitors a state of a data repository and performs the

3 certain action when a certain data tate is obtained.

1 67. A facilitator agent as recited in claim 66 wherein the data repository is

2 local to the facilitator agent.

I 68. A facilitator agen as recited in claim 66 wherein the data repository is

2 remote from the facilitator agent

1 69. A facilitator a ent as recited in claim 64 wherein the trigger

2 mechanism is a task trigger hav ng a set of conditions.

70. A facilitator ag nt as recited in claim 61, the facilitator agent further

2 including a global database accessible to at least one of the service-providing

3 electronic agents.

1 X A software-ba ed, flexible computer architecture for communication

2 and cooperation among distri uted electronic agents, the architecture contemplating a

3 distributed computing syste comprising:

4 a plurality of service providing electronic agents; and

5 a facilitator agent in bi-directional communications with the plurality of

6 service-providing electroni agents, the facilitator agent including:

7 an agent re istry that declares capabilities of service-providing

8 electronic agents urrently active within the distributed computing

9 environment;

10 a facilitati g engine operable to parse a service request in order

I I to interpret an ar itrarily complex goal set forth therein, the facilitating

12 engine further o erable to construct a goal satisfaction plan including
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13 the coordinaof a suitable d egation of sub-goal ests to best

14 complete the requested service.

1 72. A computer architecture s recited in claim 71, wherein the basis for

2 the computer architect is an Interage t Communication Language (ICL) enabling

3 agents to perform queries of other ageits, exchange information with other agents,

4 and set triggers within other agents, the ICL further defined by an ICL syntax

5 supporting compound goal expressiors such that goals within a single request

6 provided according to the ICL syntax ay be coupled by a conjunctive operator, a

7 disjunctive operator, a conditional e ecution operator, and a parallel disjunctive

8 operator parallel disjunctive operato that indicates that disjunct goals are to be

9 performed by different agents.

1 73. A computer architect e as recited in claim 72, wherein the ICL is

2 computer platform independent.

1 74. A computer architec re as recited in claim 73 wherein the ICL is

2 independent of computer progr ng languages in which the plurality of agents are

3 programmed.

1 75. A computer archite ure as recited in claim 73 wherein the ICL syntax

2 supports explicit task completion rstraints within goal expressions.

1 76. A computer archit cture as recited in claim 75 wherein possible types

2 of task completion constraints i lude use of specific agent constraints and response

3 time constraints.

1 77. A computer arch tecture as recited in claim 75 wherein the ICL syntax

2 supports explicit task completi n advisory suggestions within goal expressions.

1 78. A computer ar itecture as recited in claim 73 wherein the ICL syntax

2 supports explicit task comple on advisory suggestions within goal expressions.

1 79. A computer architecture as recited in claim 73 wherein each

2 autonomous service-provi ing electronic agent defines and publishes a set of

3 capability declarations o solvables, expressed in ICL, that describes services

4 provided by such electroni agent.

1 80. A comput r architecture as recited in claim 79 wherein an electronic

2 agent's solvables define n interface for the electronic agent.

81. A comp er architecture as recited in claim 80 wherein the possible

2 types of solvables inc des procedure solvables, a procedure solvable operable to

3 implement a procedur such as a test or an action.
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I 82. A c ter architecture recited in claim "ein the possible

2 types of solvables further includes data so vables, a data solvable operable to provide

3 access to a collection of data.

183. A computer architectur as recited in claim 82 wherein the possible
/

2 types of solvables inc (ides a data solvable operable to provide access

3 to modify a collecti of data.

1 84.. A omputer archi cture as recited in claim 71 wherein the planning

2 com nent of th facilitating engine are distributed across at least two

3 compu r proc ses.

1 85. A comput rchitecture as recited in claim 71 wherein the execution

2 component the facilitating engine is distributed across at least two

3 computer roc sses.

I A data w e c er providing a transport mechanism for information

2 communication in a dis ibuted c puting environment having at least one facilitator

3 agent and at least one ctive client aent, the data wave carrier comprising a signal

4 representation of an i ter-agent langu ge description of an active client agent's

5 functional capabilit*es.

- 87. A ata wave carrier as rec ed in claim 85, the data wave carrier further

2 comprising a si al representation of a req est for service in the inter-agent language

3 from a first ag t to a second agent.

1 88. A data wave carrier as recited i claim 85, the data wave carrier further

2 comprising signal representation of a goal disp tched to an agent for performance

3 from a faci itator agent.

1 89 A data wave carrier as recited in clai 88 wherein a later state of the

2 data wa carrier comprises a signal representation o 4 response to the dispatched

3 goal in uding results and/or a status report from the age performance to the

4 facilit or agent.
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Software-Basel rchitecture for Communication and Coo eation Among

Distributed Electronic Agents

ABSTRACT

5 A highly flexible, software-based architecture is disclosed for constructing

distributed systems. The architecture supports cooperative task completion by

flexible, dynamic configurations of autonomous electronic agents. Communication

and cooperation between agents are brokered by one or more facilitators, which are

responsible for matching requests, from users and agents, with descriptions of the

io capabilities of other agents. It is not generally required that a user or agent know the

identities, locations, or number of other agents involved in satisfying a request, and

relatively minimal effort is involved in incorporating new agents and "wrapping"

legacy applications. Extreme flexibility is achieved through an architecture organized

around the declaration of capabilities by service-providing agents, the construction of

15 arbitrarily complex goals by users and service-requesting agents, and the role of

facilitators in delegating and coordinating the satisfaction of these goals, subject to

advice and constraints that may accompany them. Additional mechanisms and

features include facilities for creating and maintaining shared repositories of data; the

use of triggers to instantiate commitments within and between agents; agent-based

20 provision of multi-modal user interfaces, including natural language; and built-in

support for including the user as a privileged member of the agent community.

Specialized embodiments providing enhanced scalability are also described.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: ) Gop
)_ Group: 2755

Cheyer et al. )
MY 14 1) Examiner: Unassigned

Application No.: 09/225,198 )
[ ) Atty. Docket No.: SRI I PO16

Filed: January 5, 1999 )

) Date: May 11, 1999
For: SOFTWARE-BASED ARCHITECTURE ) RECEIVED
FOR COMMUNICATION AND COOPERATION)
AMONG DISTRIBUTED ELECTRONIC ) MAY 2 0 1999
AGENTS )

Groom 2700

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with the
United States Postal Service as First Class Mail in an envelope
addressed to: Assistant Commissioner for Patents, Washington, DC
20231 on May 1I, 1999

Sig ned __ __
J$.asudevan

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR §§1.56 AND 1.97(c)

Assistant Commissioner for Patents
Washington, DC 20231

Dear Sir:

The references listed in the attached PTO Form 1449, copies of which are attached,

may be material to examination of the above-identified patent application. Applicants submit

these references in compliance with their duty of disclosure pursuant to 37 CFR §§ 1.56 and

1.97. The Examiner is requested to make these references of official record in this

application.

Reference No. R on Page 4 of PTO form 1449 contains documents downloaded from

a web site owned by Dejima, Inc. at http://www.dejima.com on April 29, 1999 and March 18,

1999. The applicant makes no representation that this web site has not changed between the

dates of downloading or that this web site will not change in the future.

This Information Disclosure Statement is not to be construed as a representation that a

search has been made, that additional information material to the examination of this

application does not exist, or that these references indeed constitute prior art.
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This Information Disclosure Statement is believed to be filed before the mailing date

of a first Office Action on the merits. Accordingly, it is believed that no fees are due in

connection with the filing of this Information Disclosure Statement. However, if it is

determined that any fees are due, the Commissioner is hereby authorized to charge such fees

to Deposit Account 50-0384 (Order No. SRI1PO16).

Respectfully submitted,

HICKMAN STEPHENS & COLEMAN, LLP

Brian R. Coleman
Reg. No. 39,145

P.O. Box 52037
Palo Alto, CA 94303-0746
Telephone: (650) 470-7430
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A Application No. Applicant(s)

09/225,198 CHEYER ET AL.

Office Action Summary Examiner Art Unit

Lewis A. Bullock, Jr. 2151
- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)[-] Responsive to communication(s) filed on __

2a)L- This action is FINAL. 2b)] This action is non-final.

3)1F1 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)Z Claim(s) 1-89 is/are pending in the application.

4a) Of the above claim(s) _ is/are withdrawn from consideration.

5)EII Claim(s)__ is/are allowed.

6)Z Claim(s) 1-89 is/are rejected.

7)[1 Claim(s)__ is/are objected to.

8)-I Claim(s)__ are subject to restriction and/or election requirement.
Application Papers

9)E-- The specification is objected to by the Examiner.

10)-- The drawing(s) filed on __ is/are: a)E accepted or b)-I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)-- The proposed drawing correction filed on __ is: a)-- approved b)lI disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.

12)r-n The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120

13)-- Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)EI All b)rI Some * c)- None of:

1.-J Certified copies of the priority documents have been received.

2.E- Certified copies of the priority documents have been received in Application No. __

3.1-- Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

• See the attached detailed Office action for a list of the certified copies not received.

14)i-- Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to-a provisional application).

a) El The translation of the foreign language provisional application has been received.
15)EI Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) Z Notice of References Cited (PTO-892) 4) [L Interview Summary (PTO-413) Paper No(s). __

2) N Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) E Notice of Informal Patent Application (PTO-152)
3) ED Information Disclosure Statement(s) (PTO-1449) Paper No(s) 2. 6) El Other:

U.S. Patent and Trademrk Office
PTO-326 (Rev. 04-01) Office Action Summary DISH, Exh APP M o -3
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DETAILED ACTION

Claim Rejections - 35 USC § 112

1. Claim 2 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite

for failing to particularly point out and distinctly claim the subject matter which applicant

regards as the invention. Applicant claims the recursively applying the last step of claim

1, however the Examiner cannot determine which step applicant is referring to.

Applicant is either referring to the dynamically interpreting step and its substep or the

dispatching step of the dynamically interpreting step. Clarification is requested.

2. Claim 3 recites the limitation "from the specific agent to the facilitator agent" in

lines 5-6. There is insufficient antecedent basis for this limitation in the claim. There is

no mention of the facilitator agent anywhere in the parent claims. In review of the

specification the examiner finds the facilitator agent performs the steps of claim 1,

however, claim 1 does not detail the facilitator agent as performing the steps. The

examiner request Applicant to amend claim 1 to detail that the facilitator agent performs

the functionality.

3. Claims 84 and 85 are rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention. Claims 84 and 85 recite the planning and execution

components, however neither component has antecedent basis in the parent claim 71.

Correction is requested.
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4. Claims 87 and 88 recite the limitation "A data wave carrier as recited in claim 85"

in line 1. There is insufficient antecedent basis for this limitation in the claim. Claims 87

and 88 should be dependent on claim 86 not claim 85 and are further examined as

such.

Claim Rejections - 35 USC § 102

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

6. Claims 1, 2, 5-11, 15-28, 48-89 are rejected under 35 U.S.C. 102(a) as being

anticipated by "Building Distributed Software Systems with the Open Agent

Architecture" by MARTIN.

As to claim 1, MARTIN teaches a computer-implemented method for

communication and cooperative task completion among a plurality of distributed agents

(application agent / meta agent / user interface agent), comprising the acts of:

registering a description of each client agent's functional capabilities (capabilities

specifications), using a platform independent inter-agent language (ICL); receiving a

request for service as a base goal (goals created by requesters of service) in the inter-

agent language, in the form of an arbitrarily complex goal expression; and dynamically

interpreting the goal expression (goals) (via facilitator) comprising: generating one or

DISH, Exh. 1008, p. 307
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more sub-goals using the inter-agent language; and dispatching each of the sub-goals

to a selected client agent (service providers) for performance, based on a match

between the sub-goal being dispatched and the registered functional capabilities of the

selected client agent (pg. 7, Mechanisms of Cooperation; pg. 12-14, Requesting

Services; Refining Service Requests, and Facilitation).

As to claim 2, MARTIN teaches receiving a new request (subgoal) for service as

a base goal from at least one of the selected client agents in response to the sub-goal

and recursively applying the dynamically interpreting (pg. 13, Refining Service

Requests).

As to claims 5-10, MARTIN teaches providing an agent registry data structure

that can comprise of symbolic names, data declarations, trigger declarations, and task

and process characteristics (pg. 13-14, Facilitation; pg. 7, "In processing a request...it

can use ICL to request services of other agents, set triggers, and read or write shared

data on the facilitator...").

As to claim 11, MARTIN teaches establishing communication between distributed

agents (pg. 6, The facilitator is a specialized server agent that is responsible for

coordinating agent communications and cooperative problem-solving.").

DISH, Exh. 1008, p. 308
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As to claims 15-25, MARTIN teaches the base goal requires setting a trigger

having conditional functionality and consequential functionality which can be stored on

the facilitator agent and/or the service providing agent (pgs. 16-17, Autonomous

Monitoring Using Triggers).

As to claims 26-28, MARTIN teaches the base goal is a compound goal having

sub-goals separated by operators, i.e. conjuction operator, disjunction operator,

conditional operator, and a parallel operator (pg. 12-13, Compound goals).

As to claim 48, MARTIN teaches an Inter-agent Communication Language (ICL)

providing a basis for facilitated cooperative task completion within a distributed

computing environment having a facilitator agent (facilitator) and a plurality of electronic

agents (service providing agents / service requesting agents), the ICL enabling agents

to perform queries of other agents, exchange information with other agents, set triggers

within other agents (pgs. 4-7, Overview of OAA System Structure, Mechanisms of

Cooperation; pg. 8, "OAA agents employ ICL to perform queries, execute actions,

exchange information, set triggers, and manipulate data in the agent community."), an

ICL syntax supporting compound goal expressions such that goals within a single

request provided according to the ICL syntax may be coupled by a conjunctive operator,

a disjunctive operator, a conditional execution operator, and a parallel operator that

indicates that goals are to be performed by different agents (pg. 12, Compound goals).

DISH, Exh. 1008, p. 309
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As to claim 49 and 50, MARTIN teaches the ICL is platform and language

independent (pg. 8, "OAA's Inter-agent Communication Language (ICL) is the interface,

communication, and task coordination language shared by all agents, regardless of

what platform they run on or what computer language they are programmed in.").

As to claims 51-54, MARTIN teaches the ICL supports task completion

constraints within goal expressions (pg. 9, "A number of important declarations.. .we

consider each of these elements.").

As to claims 55-60, MARTIN teaches each electronic agent defines and

publishes a set of capability declarations or solvables that describe services and an

interface to the electronic agent (pg. 9, "A number of important declarations... we

consider each of these elements.").

As to claims 61 and 62, reference is made to an agent that performs the method

of claim 1 above and is therefore met by the rejection of claim 1 above. However, claim

61 further details an agent register and the construction of a goal satisfaction plan.

MARTIN teaches an agent register (knowledge base) (pg. 13-14, Facilitation); and the

construction of a goal satisfaction plan (pg. 13, "When a facilitator receives a compound

goal, its job is to construct a goal satisfaction plan and oversee its satisfaction in the

most appropriate, efficient manner that is consistent with the specified advice.").

DISH, Exh. 1008, p. 310
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As to claim 63, refer to claim 5 for rejection.

As to claim 64-69, refer to claims 15-25 for rejection.

As to claim 70, MARTIN teaches the agent registry (knowledge base) is a

database accessible to all electronic agents (via the facilitator) (pg. 13-14, Facilitation).

As to claim 71, reference is made to an architecture that encompasses the agent

of claim 61 above, and is therefore met by the rejection of claim 61 above. However

claim 71, further details the facilitator agent in bi-directional communication with the

electronic agents. MARTIN teaches the facilitator agent in bi-directional communication

with the electronic agents (fig 1).

As to claim 72, refer to claim 48 for rejection.

As to claims 73 and 74, refer to claims 49 and 50 for rejection.

As to claims 75-78, refer to claims 51-54 for rejection.

As to claims 79-83, refer to claims 54-60 for rejection.
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As to claims 84 and 85, MARTIN teaches the facilitating engine is distributed

across at least two processes (pg. 6, "Larger systems can be assembled from multiple

facilitator/client groups...").

As to claim 86, MARTIN teaches a data wave carrier (system) providing a

transport mechanism (layer of conversational protocol / communication functions) for

information communication in a distributed computing environment having at least one

facilitator agent (facilitator) and at least one client agent (application agent / user

interface agent), the carrier comprising a signal representation of an inter-agent

language description of a client agent's functional capabilities (registering by the service

provider agents) (pg. 6-9).

As to claim 87, MARTIN teaches a signal representation of a request for service

in the inter-agent language from a first agent to a second agent (request for service

from an service requesting agent to the facilitator) (pg. 12, Requesting Services).

As to claim 88, MARTIN teaches a signal representation of a goal dispatched to

an agent for performance from a facilitator agent (pg. 13-14, Facilitation).

As to claim 89, MARTIN teaches a signal representation of a response to the

dispatched goal including results and/or a status report from the agent for performance

to the facilitator agent (pg. 13-14, Facilitation).
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7. Claims 1, 2, 5-11, and 15-25 are rejected under 35 U.S.C. 102(b) as being

anticipated by "Development Tools for the Open Agent Architecture" by MARTIN.

As to claim 1, MARTIN teaches a computer-implemented method for

communication and cooperative task completion among a plurality of distributed agents

(sub-agents / agents), comprising the acts of: registering a description of each client

agent's functional capabilities, using a platform independent inter-agent language (pg.

5, Each facilator records the published capabilities of their subagents..."); receiving a

request as a base goal in the inter-agent language (ICL form), in the form of an

arbitrarily complex goal expression; and dynamically interpreting the goal expression

comprising: generating one or more sub-goals using the inter-agent language; and

dispatching each of the sub-goals to a selected client agent for performance ("pg. 5,

"...and when requests arrive (expressed in the Inter-agent Communication Language,

described below), the facilitator is responsible for breaking them down and for

distributing sub-requests to the appropriate agents; "For example, every agent

can.. and request solutions for a set of goals,...").

As to claim 2, MARTIN teaches receiving a new request for service as a base

goal from at least one of the selected client agents in response to the sub-goal and

recursively applying the dynamically interpreting (pg. 5, "An agent satisfying a request

may require supporting information, and the OAA provides numerous means of

requesting data from other agents or from the user.").
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As to claims 5-10, MARTIN teaches providing an agent registry data structure

that can comprise of symbolic names, data declarations, trigger declarations, and task

and process characteristics (pg. 5, "For example, every agent can install local or remote

triggers on data..").

As to claim 11, MARTIN teaches establishing communication between distributed

agents (pg. 5, ... the facilitator is responsible for breaking them down and for distributing

sub-requests to the appropriate agent.").

As to claims 15-25, MARTIN teaches the base goal requires setting a trigger

having conditional functionality and consequential functionality which can be stored on

the facilitator agent and/or the service providing agent (pg. 5, "For example, every agent

can install local or remote triggers on data..").

Claim Rejections -35 USC § 103

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.
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9. Claims 3, 29-34, and 38-47 are rejected under 35 U.S.C. 103(a) as being

unpatentable over "Building Distributed Software Systems with the Open Agent

Architecture" by MARTIN.

As to claim 3, MARTIN teaches the act of registering and transmitting the new

agent profile from the specific agent to the facilitator agent (pg. 7, "When invoked, a

client agent makes a connection to a facilitator... an agent informs its parent facilitator of

the services it is capable of providing."). It would be obvious that an agent that is

initially created is instantiated in memory before it is registered.

As to claim 29, MARTIN teaches a method to facilitate cooperative task

completion within a distributed computing environment supporting an Inter-agent

Communication Language among a plurality of electronic agents (fig 1) comprising:

providing an agent registry (knowledge base) as disclosed (pg. 13-14, Facilitation);

interpreting a service request in order to determine a base goal (compound goal)

comprising: determining any task completion advice provided by the base goal, and

determining any task completion constraints provided by the base goal (pg. 14, "It may

also use strategies or advice specified by the requester.."); constructing a base goal

satisfaction plan (pg. 13, "When a facilitator receives a compound goal, its job is to

construct a goal satisfaction plan and oversee its satisfaction in the most appropriate,

efficient manner that is consistent with the specified advice.") comprising: determining

whether the requested service is available, determining sub-goals required in

completing the base goal (delegation), selecting suitable service-providing electronic
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agents for performing the sub-goals, and ordering a delegation of sub-goal requests to

complete the requested service; and implementing the base goal satisfaction plan (pg.

13-14, Facilitation). However, MARTIN does not explicitly mention that the method is

operable in a computer program product. It would be obvious to one skilled in the art to

generate program code that would entail the method of Martin and thereby obvious that

the method can be entailed in a computer program product.

As to claims 30 and 31, MARTIN teaches registering a specific agent (service

provider agents) into the agent registry comprising: establishing a bi-directional

communications link between the specific agent and a facilitator agent (facilitator)

controlling the agent registry; providing a new agent profile to the facilitator agent; and

registering the specific agent with the profile thereby making the capabilities available to

the facilitator agent (pgs. 9-10, Providing Services; pg. 7, Mechanisms of Cooperation).

As to claim 32, refer to claim 3 for rejection.

As to claim 33, refer to claim 5 for rejection.

As to claim 34, refer to claim 11 for rejection.

As to claims 38-44, refer to claims 15-25 for rejection.
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As to claims 45-47, refer to claims 26-28 for rejection.

10. Claims 4, 12-14 and 35-37 is rejected under 35 U.S.C. 103(a) as being

unpatentable over "Building Distributed Software Systems with the Open Agent

Architecture" by MARTIN 1 in view of "Information Brokering in an Agent Architecture" by

MARTIN2.

As to claim 4, MARTINI substantially discloses the invention above. However,

MARTIN1 does not explicitly mention the cited limitation. MARTIN2 teaches

deactivating a client agent no longer available to provide services by deleting the

registration (pg. 9, Source agents that need to go offline... so that it can unregister the

source and retract its schema mapping rules."). Therefore it would be obvious to

combine the teachings of MARTIN1 with the teachings of MARTIN2 in order to provide

transparent access to a plurality of independent agents (abstract).

As to claims 12-14, MARTIN1 substantially discloses the invention above.

However, MARTIN1 does not explicitly mention the cited limitation. MARTIN2 teaches

receiving a request for service in a second language (source shema); selecting a

registered agent capable of converting the second language into the inter-agent

language (broker schema); and forwarding the request for service in a second language

to the registered agent for conversion to be performed and the results returned (pg. 12-

13, Queries Expressed in a Source Schema). Refer to claim 4 for the motivation to

combine.
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As to claims 35-37, refer to claims 12-14 for rejection.

11. Claims 3, 29-34, 38-47, 61-71, and 84-89 are rejected under 35 U.S.C. 103(a) as

being unpatentable over "Developing Tools for the Open Agent Architecture" by

MARTIN.

As to claim 3, MARTIN teaches the act of registering and transmitting the new

agent profile from the specific agent to the facilitator agent (pg. 5, "Every agent

participating in an OAA-based system defines and publishes a set of capabilities

specifications, expressed in the ICL, describing the services that it provides."). It would

be obvious that an agent that is initially created is instantiated in memory before it is

registered.

As to claim 29, MARTIN teaches a method to facilitate cooperative task

completion within a distributed computing environment supporting an Inter-agent

Communication Language among a plurality of electronic agents (sub-agents / agents)

comprising: providing an agent registry as disclosed (facilitator storage of published

sub-agents capabilities); interpreting a service request in order to determine a base goal

(via facilitator) constructing a base goal satisfaction plan comprising: determining

whether the requested service is available, determining sub-goals required in

completing the base goal (determine solutions for a set of goals) selecting suitable

service-providing electronic agents for performing the sub-goals, and ordering a
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delegation of sub-goal requests to complete the requested service; and implementing

the base goal satisfaction plan (pg. 5, "The facilitator is responsible for breaking them

down and for distributing sub-requests to the appropriate agents."). However, MARTIN

does not explicitly mention that the method is operable in a computer program product

or the sending of advice or constraints. It would be obvious that since an agent can

request solutions for a goal to be satisfied under a variety of different control strategies

(pg. 5) that the control strategies are the advice and/or constraints. It would also be

obvious to one skilled in the art to generate program code that would entail the method

of Martin and thereby obvious that the method can be entailed in a computer program

product.

As to claims 30 and 31, MARTIN teaches registering a specific agent (agent) into

the agent registry (list of agents capabilities) comprising: establishing a bi-directional

communications link between the specific agent and a facilitator agent controlling the

agent registry; providing a new agent profile to the facilitator agent; and registering the

specific agent with the profile thereby making the capabilities available to the facilitator

agent (pg. 5, "Each facilitator records the published capabilities of their subagents...";

"Every agent participating in an OAA-based system.. .describing the services that it

provides.").

As to claim 32, refer to claim 3 for rejection.
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As to claim 33, refer to claim 5 for rejection.

As to claim 34, refer to claim 11 for rejection.

As to claims 38-44, refer to claims 15-25 for rejection.

As to claims 45-47, refer to claims 26-28 for rejection.

As to claim 61 and 62, reference is made to an agent that performs the method

of claim 1 above and is therefore met by the rejection of claim 1 above. However, claim

61 further details an agent register and the construction of a goal satisfaction plan.

MARTIN teaches every agent participating in an OAA-based system defines and

publishes a set of capabilities describing the services that it provides and that the

facilitator records these published capabilities (pg. 5). Therefore, there is an agent

register of the capabilities of each agent. MARTIN also teaches an agent can request

solutions for a set of goals to be satisfied under a variety of different control strategies.

It would be obvious that since solutions are determined based on the goals and control

strategies that a goal satisfaction plan is created.

As to claim 63, refer to claim 5 for rejection.

As to claim 64-69, refer to claims 15-25 for rejection.
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As to claim 70, MARTIN teaches the agent registry (agent library / list of agent

capabilities) is a database accessible to all electronic agents (pg. 5, A collection of

agents satisfies requests from users, or other agents... one or more facilitators."; "An

agent satisfying a request may require supporting information... requesting data from

other agents or from the user.").

As to claim 71, reference is made to an architecture that encompasses the agent

of claim 61 above, and is therefore met by the rejection of claim 61 above. However

claim 71, further details the facilitator agent in bi-directional communication with the

electronic agents. MARTIN teaches the facilitator can distribute request to the agents

and the agents can request information via the facilitator (pg. 5), therefore it would be

obvious that the facilitator and agents are in bi-directional communication.

As to claims 84 and 85, MARTIN teaches the facilitating engine is distributed

across at least two processes (pg. 5, "Facilitators can, in turn, be connected as clients

of other facilitators.").

As to claim 86, MARTIN teaches system for information communication in a

distributed computing environment having at least one facilitator agent (facilitator) and

at least one client agent (sub-agent / agents), the carrier comprising a signal

representation of an inter-agent language description (ICL registration of capabilities) of
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a client agent's functional capabilities (pg. 5, "Each facilitator records the published

capabilities of their subagents.."). It would be obvious that the system has a data wave

carrier and a transport mechanism for network communication.

As to claim 87, MARTIN teaches a signal representation of a request for service

in the inter-agent language from a first agent (client agent sending a query) to a second

agent (facilitator) (pg. 5).

As to claim 88, MARTIN teaches a signal representation of a goal dispatched to

an agent for performance from a facilitator agent (every agent can request solutions for

a set of goals / facilitator is responsible for breaking them down and for distributing sub-

requests to the appropriate agent) (pg. 5).

As to claim 89, It is well known in the art to one skilled in the art that an agent

can send back a response after processing the request.

12. Claims 4, 12-14, 26-28, 35-37, 48-60, 72-83 are rejected under 35 U.S.C. 103(a)

as being unpatentable over "Development Tools for the Open Agent Architecture" by

MARTIN1 in view of "Information Brokering in an Agent Architecture" by MARTIN2.

As to claim 4, MARTIN1 substantially discloses the invention above. However,

MARTIN1 does not explicitly mention the cited limitation. MARTIN2 teaches

deactivating a client agent no longer available to provide services by deleting the
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registration (pg. 9, Source agents that need to go offline... so that it can unregister the

source and retract its schema mapping rules."). Therefore it would be obvious to

combine the teachings of MARTIN 1 with the teachings of MARTIN2 in order to provide

transparent access to a plurality of independent agents (abstract).

As to claims 12-14, MARTIN1 substantially discloses the invention above.

However, MARTIN1 does not explicitly mention the cited limitation. MARTIN2 teaches

receiving a request for service in a second language (source schema); selecting a

registered agent capable of converting the second language into the inter-agent

language (broker schema); and forwarding the request for service in a second language

to the registered agent for conversion to be performed and the results returned (pg. 12-

13, Queries Expressed in a Source Schema). Refer to claim 4 for the motivation to

combine.

As to claims 26-28, MARTIN1 substantially discloses the invention above.

However, MARTIN1 does not explicitly mention the cited limitation. MARTIN2 teaches

the base goal is a compound goal having sub-goals (pg. 8, "Queries submitted to the

Broker are expression... and backtracking in expressing and processing queries."). It

would be obvious that since the base goal (query) is broken down and distributed to as

sub-requests to the appropriate agents or solutions are requested for a set of goals as

disclosed in MARTIN1 that the base goal as a compound goal is broken down based on
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operators disclosing where it can be broken down. Refer to claim 4 for the motivation to

combine.

As to claims 35-37, refer to claims 12-14 for rejection.

As to claim 48, MARTIN1 teaches an Inter-agent Communication Language (ICL)

providing a basis for facilitated cooperative task completion within a distributed

computing environment having a facilitator agent (facilitator) and a plurality of electronic

agents (sub-agents / agents), the ICL enabling agents to perform queries of other

agents, exchange information with other agents, set triggers within other agents (pg. 5,

Agents share a common communication language... and may run on any network linked

platform."). However, MARTIN 1 does not teach the ICL supporting compound goal

expressions. MARTIN2 teaches the query is a base goal stored in as a compound goal

having sub-goals (pg. 8, "Queries submitted to the Broker are expression.. .and

backtracking in expressing and processing queries."). It would be obvious that since the

base goal (query) is broken down and distributed to as sub-requests to the appropriate

agents or solutions are requested for a set of goals as disclosed in MARTIN1 that the

base goal as a compound goal is broken down based on operators disclosing where it

can be broken down. Refer to claim 4 for the motivation to combine.
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As to claim 49 and 50, MARTIN1 teaches the ICL is platform and language

independent (pg. 5, "The OAA's Inter-agent Communication Language.. they are

programmed in.").

As to claims 51-54, MARTINI teaches the ICL supports task completion

constraints (triggers) within goal expressions (pg. 5).

As to claims 54-60, MARTIN1 teaches each electronic agent defines and

publishes a set of capability declarations or solvables that describe services and an

interface to the electronic agent (pg. 5, "Every agent participating in an OAA-based

system defines and publishes..,we refer to these capabilities specifications as

solvables.").

As to claim 72, refer to claim 48 for rejection.

As to claims 73 and 74, refer to claims 49 and 50 for rejection.

As to claims 75-78, refer to claims 51-54 for rejection.

As to claims 79-83, refer to claims 54-60 for rejection.
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Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Lewis A. Bullock, Jr. whose telephone number is (703)

305-0439. The examiner can normally be reached on Monday-Friday, 8:30 am - 5:00

pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Alvin E. Oberley can be reached on (703) 305-9716. The fax phone

numbers for the organization where this application or proceeding is assigned are (703)

746-7239 for regular communications and (703) 746-7238 for After Final

communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703) 305-

0286.

Ju.lN 11,2N

July 11, 2002
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5

10

15

CLIENT-SERVER ELECTRONIC PROGRAM GUIDE

20

25

Backqround of the Invention

This invention relates to interactive

television program guide systems, and more

30 particularly, to interactive television program guide

5 systems based on client-server arrangements.

Cable, satellite, and broadcast television

systems provide viewers with a large number of

35 television channels. Users have traditionally

consulted printed television program schedules to

10 determine the programs being broadcast at a particular

time. More recently, interactive television program
40 guides have been developed that allow television

program information to be displayed on a user's

television. Interactive television program guides,

15 which are typically implemented on set-top boxes, allow
45 users to navigate through television program listings

using a remote control. In a typical program guide,

various groups of television program listings are

displayed in predefined or user-selected categories.
50

20 Program listings are typically displayed in a grid or

55
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table. On-line program guides have been proposed that

10 require users to navigate the Internet to access

program listings.

Client-server based program guides have been

5 proposed in which program listings are stored on a

15 server at a cable system headend. The server provides

the program listings to program guide clients

implemented on the set-top boxes of a number of users

associated with each headend. As users navigate within
20 10 a program listings grid, the server provides program

listings to the client for display. Such systems, may

be limited in their functionality due to their limited

use of the resources of the server.
25 It is therefore an object of the present

15 invention to provide an interactive televison program

guide system in which server resources are used to

30 provide enhanced program guide features not provided by

conventional set-top-box-based or client-server-based

program guides.

35 20 Summary of the Invention

This and other objects of the present

invention are accomplished in accordance with the

principles of the present invention by providing a

40 client-server based interactive television program

25 guide system in which a main facility (e.g., a

satellite uplink facility or a facility that feeds such

an uplink facility) provides data from one or more data

45 sources to a number of television. distribution

facilities such as cable system headends, broadcast

30 distribution facilities, satellite television

distribution facilities, or other suitable distribution

50 facilities. Some of the data sources may be located at

55
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different facilities and have their data provided to
10 the main facility for localization and distribution or

may provide their data to the television distribution

facilities directly. The data provided to the

5 television distribution facilities includes television
15 programming data (e.g., titles, channels, content

information, rating information, program identifiers,

series identifiers, or any other information associated

20 with television programming), and other program guide

10 data for additional services other than television

program listings (e.g., weather information, associated

Internet web links, computer software, etc.). The main

25 facility (and other sources) may provide the program

guide data to the television distribution facilities

15 via a satellite link, a telephone network link, a cable

or fiber optic link, a microwave link, an Internet

30 link, a combination of such links, or any other

suitable communications link.

Each television distribution facility has a

20 program guide server. If desired, program guide

35 servers may also be located at cable system network

nodes or other facilities separate from the television

distribution facilities or other distribution

facilities. Each program guide server stores the

40 25 program guide data provided by the main facility and

provides access to the program guide data to program

guide clients implemented on the user television

equipment of a number of users associated with each
television distribution facility. The program guide

30 servers may also store user data, such as user

preference profiles, parental control settings, record

and reminder settings, viewing history, and other
50

suitable data.

55
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Providing program guide data with a program
10 guide server and storing user data on the server may

provide users with opportunities to perform various

functions that may enhance the users' television

5 viewing experience. Users may, for example, set user

preference profiles or other favorites that are stored

by the program guide server and used by the server to

customize the program guide viewing experience for the

20 user. The program guide server may filter program

10 guide data based on the user preference profiles. Only

data that is of interest to the user may then be

provided to the guide client, thereby tending to

25 minimize the memory requirements of the user's

television equipment and lessen the bandwidth

15 requirements of the local distribution network.

A client-server based architecture may also

30 provide users with the ability to search and sort

through program related information in ways that might

not otherwise be possible due to the limited processing

20 and storage capabilities of the users' television

35 equipment. If desired, users may be provided with

access to program guide data without requiring them to

navigate the Internet. Users may, for example, define

sophisticated boolean or natural language expressions
40 25 having one or more criteria for searching through and

sorting program guide data, scheduling reminders,

automatically recording programs and parentally

controlling programs. The criteria may also be derived
45

by the program guide server or program guide client

30 from user profiles or by monitoring usage of the

program guide. The criteria may be stored on the

50 program guide server. Users may be provided with an

55

DISH, Exh. 1008, p. 344

WO 00/11869 vcrUsM99ngo

Petitioner Microsoft Corporation - Ex. 1008, p. 1505



5

-5-

10 opportunity to access, modify, or delete the

expressions.

The program guide server may also track the

users' viewing histories to provide a user-customized

15 5 program guide experience. Programs or series of

episodes users have watched may be identified and used

by the program guide, for example, to inform users when

there are showings in the series that the users have

20 not watched. The program guide may, for example,

10 provide viewing recommendations based on a user's

viewing history and, if appropriate, on user preference

profiles or other criteria stored by the program guide

25 server. The program guide may also target

advertisements toward users based on the viewing

15 histories or criteria, and may track the viewing of

programs to generate viewership ratings.
30 Further features of the invention, its nature

and various advantages will be more apparent from the

accompanying drawings and the following detailed

20 description of the preferred embodiments.
35

Brief-Description of the Drawings

FIG. 1 is a schematic block diagram of an

illustrative system in accordance with the present
40

invention.

25 FIGS. 2a, 2b, and 2c show illustrative

arrangements for the interactive program guide

45 equipment of FIG. 1 in accordance with the principles

of the present invention.

FIG. 3 is an illustrative schematic block

30 diagram of a user television equipment of FIGS. 2a and

50 2b in accordance with the principles of the present

invention.

55
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FIG. 4 is a generalized schematic block
10 diagram of portions of the illustrative user television

equipment of FIG. 3 in accordance with the principles

of the present invention.

5 FIG. 5 is an illustrative main menu screen in
15

accordance with the principles of the present

invention.

FIG. 6 is an illustrative program listings by

20 time screen in accordance with the principles of the

10 present invention.

FIG. 7 is an illustrative program listings by

channel screen in accordance with the principles of the

25 present invention.

FIGS. 8a-8c are illustrative program listings

15 by category screens in accordance with the principles

of the present invention.

30 FIG. 9a is an illustrative boolean type

criteria screen in accordance with the principles of

the present invention.

20 FIG. 9b is an illustrative natural language

35 criteria screen in accordance with the principles of

the present invention.

FIG. 10 shows an illustrative agents screen

in accordance with the principles of the present
40 25 invention.

FIG. 11 is an illustrative program listings

screen in which program listings found according to the

illustrative expressions of FIGS. 9a and 9b are
45 displayed in accordance with the principles of the

30 present invention.

FIG. 12 shows an illustrative setup screen in

accordance with the principles of the present50

invention.
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10 FIGS. 13a-13f show illustrative preference

profile screens in accordance with the principles of

the present invention.

FIG. 14 shows an illustrative profile

15 5 activation screen in accordance with the principles of

the present invention.

FIG. 15 shows a table containing an

illustrative list of programs that might be available

20 to a user after defining the preference profiles of

10 FIGS. 13a-13f in accordance with the principles of the

present invention.

FIGS. 16a-16c are illustrative program

25 listings screens that may be displayed according to the

preference profiles of FIGS. 13a-13f in accordance with

15 the principles of the present invention.

FIGS. 17a and 17b show illustrative criteria
30 screens in accordance with the principles of the

present invention.

FIGS. 18 and 19 show illustrative program

20 reminder lists generated according to the expressions
35 "of FIGS. 17a and 17b in accordance with the principles

of the present invention.

FIGS. 20a and 20b show an illustrative viewer

recommendation overlay, in accordance with the
40

25 principles of the present invention.

FIG. 20c shows an illustrative additional

information screen in accordance with the principles of

45 .the present invention.

FIG. 21 is a flowchart of illustrative steps

30 involved in providing users with an opportunity to

define preference profiles and access program guide

50 data according to the preference profiles in accordance

with the principles of the present invention.
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FIG. 22 is a flowchart of illustrative steps
10

involved in providing users with an opportunity to

search program guide data, other information, and

videos in accordance with the principles of the present

15 5 invention.

FIG. 23 is a flowchart of illustrative steps

involved in processing and using expressions in

accordance with the principles of the present

20 invention.

10 FIG. 24 is a flowchart of illustrative steps

involved in tracking and using viewing histories in

accordance with the principles of the present

25 invention.

Detailed Description of the Preferred Embodiments

15 An illustrative system 10 in accordance with

30 the present invention is shown in FIG. 1. Main

facility 12 may provide program guide data from data

source 14 to interactive television program guide

equipment 17 via communications link 18. There may be
35 20 multiple program guide data sources in main facility 12

but only one has been shown to avoid over-complicating

the drawing. If desired, program guide data sources

may be located at facilities separate from main
facility 12 such as at local information services 15,

25 and may have their data provided to main facility 12

for localization and distribution. Data sources 14 may

be any suitable computer or computer-based system for45
obtaining data (e.g., manually from an operator,

electronically via a computer network or other

30 connection, or via storage media) and placing the data

50 into electronic form for distribution by main facility

12. Link 18 may be a satellite link, a telephone

55
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network link, a cable or fiber optic link, a microwave
10 link, an Internet link, a combination of such links, or

any other suitable communications link. Video signals

may also be transmitted over link 18 if desired.

5 Local information service 15 may be any
15

suitable facility for obtaining data particular to a

localized region and providing the data to main

facility 12 or interactive television program guide

20 equipment 17 over communications links 41. Local

10 information service 15 may be, for example, a local

weather station that measures weather data, a local

newspaper that obtains local high school and college

25 sporting information, or any other suitable provider of

information. Local information service 15 may be a

15 local business with a computer for providing main

facility 12 with, for example, local ski reports,

30 fishing conditions, menus, etc., or any other suitable

provider of information. Link 41 may be a satellite

link, a telephone network link, a cable or fiber optic

20 link, a microwave link, an Internet link, a combination

35 of such links, or any other suitable communications

link. Additional data sources 14 may be located at

other facilities for providing main facility 12 with

non-localized data (e.g., non-localized program guide
40 25 data) over link 41.

The program guide data transmitted by main

facility 12 to interactive television program guide

equipment 17 may include television programming data
45

(e.g., program identifiers, times, channels, titles,

30 descriptions, series identifiers, etc.) and other data

for services other than television program listings

(e.g., help text, pay-per-view information, weather

information, sports information, music channel

55
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information, associated Internet web links, associated
10 software, etc.). There are preferably numerous pieces

or installations of interactive television program

guide equipment 17, although only one is shown in

5 FIG. 1 to avoid over-complicating the drawing.
15 Program guide data may be transmitted by main

facility 12 to interactive television program guide

equipment 17 using any suitable approach. Data files

may, for example, be encapsulated as objects and20
10 transmitted using a suitable Internet based addressing

scheme and protocol stack (e.g., a stack which uses the

user datagram protocol (UDP) and Internet protocol

25 (IP)). Systems in which program guide data is

transmitted from a main facility to television

15 distribution facilities are described, for example, in

Gollahon et al. U.S. patent application Serial No.

30 09/332,624, filed June 11, 1999 (Attorney Docket No.

UV-106), which is hereby incorporated by reference

herein in its entirety.

20 A client-server based interactive television

35 program guide is implemented on interactive television

program guide equipment 17. Three illustrative

arrangements for interactive television program guide

equipment 17 are shown in FIGS. 2a-2c. FIG. 2a shows

40 25 an illustrative arrangement for interactive television

program guide equipment 17 in which a program guide

server obtains program guide data directly from main

facility 12. FIG. 2b shows an illustrative arrangement
45 for interactive television program guide equipment 17

30 in which a program guide server obtains program guide

data from main facility 12 or some other facility

(e.g., local information service 15) via the Internet.
50 In either of these approaches, users may be provided
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with opportunities to access program guide data without

10 having to navigate the Internet, if desired. As shown

in FIGS. 2a and 2b, interactive program guide

television equipment 17 may include television

5 distribution facility 16 and user television
15 equipment 22.

Television distribution facility 16 may have

program guide distribution equipment 21 and program

guide server 25. Distribution equipment 21 is
20 10 equipment suitable for providing program guide data

from program guide server 25 to user television

equipment 22 over communications path 20. Distribution

equipment 21 may include, for example, suitable25
transmission hardware for distributing program guide

15 data on a television channel sideband, in the vertical

blanking interval of a television channel, using an in-

30 band digital signal, using an out-of-band digital

signal, over a dedicated computer network or Internet

link, or by any other data transmission technique

20 suitable for the type of communications path 20.

35 Analog or digital video signals (e.g., television

programs) may also be distributed by distribution

equipment 21 to user television equipment 22 over

communications paths 20 on multiple analog or digital

40 25 television channels. Alternatively, videos may be

distributed to user television equipment 22 from some

other suitable distribution facility, such as a cable

system headend, a broadcast distribution facility, a

45 satellite television distribution facility, or any

30 other suitable type of television distribution

facility.

Communications paths 20 may be any
50 communications paths suitable for distributing program
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guide data. Communications paths 20 may include, for
10 example, a satellite link, a telephone network link, a

cable or fiber optic link, a microwave link, an

Internet link, a data-over-cable service interface

5 specification (DOCSIS) link, a combination of such
15 links, or any other suitable communications link.

Communications paths 20 preferably have sufficient

bandwidth to allow television distribution facility 16

or another distribution facility to distribute20
10 television programming to user television equipment 22.

There are typically multiple pieces of user television

equipment 22 and multiple associated communications

25 paths 20, although only one piece of user television

equipment 22 and communications path 20 are shown in

15 FIGS. 2a and 2b to avoid over-complicating the

drawings. If desired, television programming and

30 program guide data may be provided over separate

communications paths.

Program guide server 25 may be based on any

20 suitable combination of server software and hardware.

35 Program guide server 25 may retrieve program guide data

or video files from storage device 56 in response to

program guide data or vide6 requests generated by an

interactive television program guide client implemented

40 25 on user television equipment 22. As shown in FIGS. 2a

and 2b, program guide server 25 may include processing

circuitry 54 and storage device 56. Processing

circuitry 54 may include any suitable processor, such
45 as a microprocessor or group of microprocessors, and

30 other processingcircuitry such as caching circuitry,

video decoding circuitry, direct memory access (DMA)

circuitry, input/output (I/O) circuitry, etc.
50
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Storage device 56 may be a memory or other
10 storage device, such as random access memory (RAM),

flash memory, a hard disk drive, etc., that is suitable

for storing the program guide data transmitted to

5 television distribution facility 16 by main facility
15 12. User data, such as user preference profiles,

preferences, parental control settings, record and

reminder settings, viewing histories, and other

suitable data may also be stored on storage device 5620
10 by program guide server 25. Program guide data and

user data may be stored on storage device 56 in any

suitable format (e.g., a Structured Query Language

25 (SQL) database). If desired, storage 56 may also store

video files for playing back on demand.

15 Processing circuitry 54 may process requests

for program guide data by searching the program guide

30 data stored on storage device 56 for the requested

data, retrieving the data, and providing the retrieved

data to distribution equipment 21 for distribution to

20 user television equipment 22. Processing circuitry 54

35 may also process storage requests generated by the

program guide client that direct program guide

server 25 to store user data. Alternatively, program

guide server 25 may distribute program guide data to

40 25 and receive user data from user television equipment 22

directly. If communications paths 20 include an

Internet link, DOCSIS link, or other high speed

computer network link (e.g., IOBaseT, 10OBaseT,
1OBaseF, Tl, T3, etc.), for example, processing

30 circuitry 54 may include circuitry suitable for

transmitting program guide and user data and receiving

program guide data and storage requests over such a
50

link.
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Program guide server 25 may communicate with

10 user television equipment 22 using any suitable

communications protocol. For example, program guide

server 25 may use a communications protocol stack that

5 includes transmission control protocol (TCP) and

15 Internet protocol (IP) layers, sequenced packet

exchange (SPX) and internetwork packet exchange (IPX)

layers, Appletalk transaction protocol (ATP) and

datagram delivery protocol (DDP) layers, DOCSIS, or any

20 10 other suitable protocol or combination of protocols.

User television equipment 22 may also include suitable

hardware for communicating with program guide server 25

over communications paths 20 (e.g., Ethernet cards,
25 modems (digital, analog, or cable), etc.)

15 The program guide client on user television

equipment 22 may retrieve program guide data from and

store user data on program guide server 25 using any
30

suitable client-server based approach. The program

guide may, for example, pass SQL requests as messages

20 to program guide server 25. In another suitable

35 approach, the program guide may invoke remote

procedures that reside on program guide server 25 using

one or more remote procedure calls. Program guide

server 25 may execute SQL statements for such invoked

40 25 remote procedures. In still another suitable approach,

client objects executed by the program guide may

communicate with server objects executed by program

guide server 25 using, for example, an object request

45 broker (ORB). This may involve using, for example,

30 Microsoft's Distributed Component Object Model (DCOM)

approach. As used herein, "record requests" and

"storage requests" are intended to encompass any of

50 these types of inter-process or inter-object
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communications, or any other suitable type of inter-

10 process or inter-object communication.

FIG. 2b shows an illustrative arrangement for

interactive television program guide equipment 17 in

5 which program guide server 25 obtains program guide

15 data via the Internet. The program guide data obtained

by program guide server 25 may be provided by main

facility 12 or from some other source (e.g., local

information service 15) and made available on the

20 10 Internet. Internet service system 61 may use any

suitable combination of hardware and software capable

of providing program guide data from the Internet to

program guide server 25 using an Internet based
25 approach (e.g., using the HyperText Transfer Protocol

15 (HTTP), File Transfer Protocol (FTP), etc.). FIG. 2b

shows Internet service system 61 as being encompassed

by television distribution facility 16. If desired,
30

Internet service system 61 may be located at a

facility that is separate from television distribution

20 facility 16. Internet service system 61 may, for

example, be located at main facility 12 or at some35

other Internet node suitable for providing program

guide data from the Internet to program guide server

25. The functionality of Internet service system 61

40 25 and program guide server 25 may be integrated into one

system if desired.

Another suitable arrangement for interactive

television program guide equipment 17 is shown in FIG.

45 2c. Interactive television program guide equipment 17

30 may include, for example, television distribution

facility 16 having program guide server 25 and Internet

service system 61. A program guide client application

50 may run on personal computer 23. The client may access
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program guide server 25 via Internet service system 61

10 and communications path 20. Personal computer 23 may

include processing circuitry 27, memory 29, storage

device 31, communications device 35, and monitor 39.

5 Processing circuitry 27 may include any

15 suitable processor, such as a microprocessor or group

of microprocessors, and other processing circuitry such

as caching circuitry, direct memory access (DMA)

circuitry, input/output (I/O) circuitry, etc.

20 10 Processing circuitry 27 may also include suitable

circuitry for displaying television programming.

Personal computer 23 may include, for example, a PC/TV

card. Memory 29 may be any suitable memory, such as
25 random access memory (RAM) or read only memory (ROM),

15 that is suitable for storing the computer instructions

and data. Storage device 31 may be any suitable

storage device, such as a hard disk, floppy disk drive,
30

flash RAM card, recordable CD-ROM drive, or any other

suitable storage device. Communications device 35 may

20 be any suitable communications device, such as a

conventional analog modem or cable modem.35

An illustrative arrangement for user

television equipment 22 of FIGS. 2a and 2b is shown in

FIG. 3. User television equipment 22 of FIG. 3

40 25 receives analog video or a digital video stream and

data, program guide data, or any suitable combination

thereof, from television distribution facility 16 (FIG.

1) at input 26. During normal television viewing, a

45 user tunes set-top box 28 to a desired television

30 channel. The signal for that television channel is

then provided at video output 30. The signal supplied

at output 30 is typically either a radio-frequency (RF)

50 signal on a predefined channel (e.g., channel 3 or 4),
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or a analog demodulated video signal, but may also be a

10 digital signal provided to television 36 on an

appropriate digital bus (e.g., a bus using the

Institute of Electrical and Electronics Engineers

5 (IEEE) 1394 standard, (not shown)). The video signal

15 at output 30 is received by optional secondary storage

device 32.

The interactive television program guide

client may run on set-top box 28, on television 36 (if

20 10 television 36 has suitable processing circuitry and

memory), on a suitable analog or digital receiver

connected to television 36, or on digital storage

device 31 if digital storage device 31 has suitable

25 processing circuitry and memory. The interactive

15 television program guide client may also run

cooperatively on a suitable combination of these

devices. Interactive television application systems in
30

which a cooperative interactive television program

guide application runs on multiple devices are

20 described, for example, in Ellis U.S. patent

35 application Serial No. 09/186,598, filed November 5,

1998, which is hereby incorporated by reference herein

in its entirety.

Secondary storage device 32 can be any

25 suitable type of analog or digital program storage

device or player (e.g., a videocassette recorder, a

digital versatile disc (DVD) player, etc.). Program

recording and other features may be controlled by

45 set-top box 28 using control path 34. If secondary

30 storage device 32 is a videocassette recorder, for

example, a typical control path 34 involves the use of

an infrared transmitter coupled to the infrared

50 receiver in the videocassette recorder that normally
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accepts commands from a remote control such as remote

10 control 40. Remote control 40 may be used to control

set-top box 28, secondary storage device 32, and

television 36.

5 If desired, a user may record programs,

15 program guide data, or a combination thereof in digital

form on optional digital storage device 31. Digital

storage device 31 may be a writeable optical storage

device (such as a DVD player capable of handling

20 10 recordable DVD discs), a magnetic storage device (such

as a disk drive or digital tape), or any other digital

storage device. Interactive television program guide

systems that have digital storage devices are
25 described, for example, in Hassell et al. U.S. patent

15 application Serial No. 09/157,256, filed September 17,

1998, which is hereby incorporated by reference herein

in its entirety.
30

Digital storage device 31 can be contained in

set-top box 28 or it can be an external device

20 connected to set-top box 28 via an output port and

appropriate interface. Digital storage device 31 may,35
for example, be contained in local media server 29. If

necessary, processing circuitry in set-top box 28

formats the received video, audio and data signals into

40 25 a digital file format. Preferably, the file format is

an open file format such as the Moving Picture Experts

Group (MPEG) MPEG-2 standard or the Moving Joint

Photographic Experts Group (MJPEG) standard. The

45 resulting data is streamed to digital storage device 31

30 via an appropriate bus (e.g., a bus using the Institute

Electrical and Electronics Engineers (IEEE) 1394

standard), and is stored on digital storage device 31.

50 In another suitable approach, an MPEG-2 data stream or
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series of files may be received from distribution

10 equipment 21 and stored.

Television 36 receives video signals from

secondary storage device 32 via communications path 38.

5 The video signals on communications path 38 may either

15 be generated by secondary storage device 32 when

playing back a prerecorded storage medium (e.g., a

videocassette or a recordable digital video disc), by

digital storage device 31 when playing back a pre-

20 10 recorded digital medium, may be passed through from

set-top box 28, may be provided directly to television

36 from set-top box 28 if secondary storage device 32

is not included in user television equipment 22, or may
25 be received directly by television 36. During normal

15 television viewing, the video signals provided to

television 36 correspond to the desired channel to

which a user has tuned with set-top box 28. Video
30 signals may also be provided to television 36 by set-

top box 28 when set-top box 28 is used to play back

20 information stored on digital storage device 31.

35 Set-top box 28 may have communications

device 37 for communicating with program guide server

25 over communications path 20. Communications device

37 may be a modem (e.g., any suitable analog or digital

25 standard, cellular, or cable modem), network interface

card (e.g., an Ethernet card, Token ring card, etc.), a

combination of such devices, or any other suitable

communications device. Television 36 may also have

45 such a suitable communications device if desired.

30 Set-top box 28 may have memory 44. Memory 44

may be any memory or other storage device, such as a

random access memory (RAM), read only memory (ROM),

50 flash memory, a hard disk drive, a combination of such
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devices, etc., that is suitable for storing program

10 guide client instructions and program guide data for

use by the program guide client.

A more generalized embodiment of user

5 television equipment 22 of FIG. 3 is shown in FIG. 4.

15 As shown in FIG. 4, program guide data from television

distribution facility 16 (FIG. 1) and programming are

received by control circuitry 42 of user television

equipment 22. The functions of control circuitry 42

20 10 may be provided using the set-top box arrangement of

FIGS. 2a and 2b. Alternatively, these functions may be

integrated into an advanced television receiver,

personal computer television (PC/TV) such as shown in
25 FIG. 2c, or any other suitable arrangement. If

15 desired, a combination of such arrangements may be

used.

User television equipment 22 may also have
30

secondary storage device 47 and digital storage device

49 for recording programming. Secondary storage device

20 47 can be any suitable type of analog or digital

program storage device (e.g., a videocassette recorder,

a digital versatile disc (DVD), etc.). Program

recording and other features may be controlled by

control circuitry 42. Digital storage device 49 may

40 25 be, for example, a writeable optical storage device

(such as a DVD player capable of handling recordable

DVD discs), a magnetic storage device (such as a disk

drive or digital tape), or any other digital storage

45 device.

30 User television equipment 22 may also have

memory 63. Memory 63 may be any memory or other

storage device, such as a random access memory (RAM),

50 read only memory (ROM), flash memory, a hard disk
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drive, a combination of such devices, etc., that is

10 suitable for storing program guide client instructions

and program guide data for use by control circuitry 42.

User television equipment 22 of FIG. 4 may

5 also have communications device 51 for supporting

15 communications between the program guide client and

program guide server 25 and via communications path 20.

Communications device 51 may be a modem (e.g., any

suitable analog or digital standard, cellular, or cable

20 10 modem), network interface card (e.g., an Ethernet card,

Token ring card, etc.), a combination of such devices,

or any other suitable communications device.

A user controls the operation of user

25 television equipment 22 with user interface 46. User

15 interface 46 may be a pointing device, wireless remote

control, keyboard, touch-pad, voice recognition system,

or any other suitable user input device. To watch
30 television, a user instructs control circuitry 42 to

display a desired television channel on display

20 device 45. To access the functions of the program

35 guide, a user instructs the program guide implemented

on interactive television program guide equipment 17 to

generate a main menu or other desired program guide

display screen for display on display device 45. If

40 25 desired, the program guide client running on user

television equipment 22 may provide users with access

to program guide features without requiring them to

navigate the Internet.

45 The program guide may provide users with an

30 opportunity to access program guide features through a

main menu. A main menu screen, such as illustrative

main menu screen 100 of FIG. 5, may include menu 102 of

50 selectable program guide features 106. If desired,
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program guide features 106 may be organized according

10 to feature type. In menu 102, for example, program

guide features 106 have been organized into three

columns. The column labeled "TV GUIDE" is for listings

5 related features, the column labeled "MSO SHOWCASE" is

15 for multiple system operator (MSO) related features,

and the column labeled "VIEWER SERVICES" is for viewer

related features. The interactive television program

guide may generate a display screen for a particular

20 10 program guide feature when a user selects that feature

from menu 102.

Main menu screen 100 may include one or more

selectable advertisements 108. Selectable

25 advertisements 108 may, for example, include text and

15 graphics advertising pay-per-view programs or other

programs or products. When a user selects a selectable

advertisement 108, the program guide may display
30 information (e.g., pay-per-view information) or take

other actions related to the content of the

20 advertisement. Pure text advertisements may be

presented, if desired, as illustrated by selectable35
advertisement banner 110.

Main menu screen 100 may also include other

screen elements. The brand of the program guide

25 product may be indicated, for example, using a product

brand logo graphic such as product brand logo

graphic 112. The identity of the television service

provider may be presented, for example, using a service

45 provider logo graphic such as service provider logo

30 graphic 114. The current time may be displayed in

clock display region 116. In addition, a suitable

indicator such as indicator graphic 118 may be used to

50 indicate to a user that mail from a cable operator is
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waiting for a user if the program guide supports

10 messaging functions.

The interactive television program guide may

provide a user with an opportunity to view television

5 program listings. A user may indicate a desire to view

15 program listings by, for example, positioning highlight

region 120 over a desired program guide feature 106.

Alternatively, the program guide may present program

listings when a user presses a suitable key (e.g., a

20 10 "guide" key) on remote control 40. When a user

indicates a desire to view television program listings,

the program guide client requests listings from program

guide server 25 and generates an appropriate program

25 listings screen for display on display device 45

15 (FIG. 4). Program listings screens may be overlaid on

a program being viewed by a user or overlaid on a

portion of the program in a "browse" mode. Program
30 listings screens are described, for example, in Knudson

et al. U.S. patent application Serial No. 09/357,941,

20 filed July 16, 1999 (Attorney Docket No. UV-114), which

is hereby incorporated by reference herein in its35
entirety.

A program listings screen may contain one or

more groups or lists of program listings organized

25 according to one or more organization criteria (e.g.,

by time, by channel, by program category, etc.). The

program guide may, for example, provide a user with an

opportunity to view listings by time, by channel,

45 according to a number of categories (e.g., movies,

30 sports, children, etc.), or may allow a user to search

for a listing by title. Program listings may be

displayed using any suitable list, table, grid, or

50 other suitable display arrangement. If desired,
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program listings screens may include selectable

10 advertisements, product brand logo graphics, service

provider brand graphics, clocks, or any other suitable

indicator or graphic.

5 A user may indicate a desire to view program

15 listings by time, channel, or category by, for example,

selecting a selectable feature 106 from menu 102. In

response, the program guide client may issue one or

more requests to program guide server 25 for listings
20 10 in the selected category if such listings are not

already cached in memory 63 (FIG. 4). Program guide

server 25 may retrieve program guide data stored on

storage device 56, on another server, or from Internet
25 service system 61, and provide the data to the program

15 guide client via program guide distribution

equipment 21.

The program guide client may display program30 listings in a suitable program listings screen on user

television equipment 22. FIG. 6 illustrates the

20 display of program listings by time. Program listings

35 screen 130 of FIG. 6 may include highlight region 151,

which highlights the current program listing 150. A

user may position highlight region 151 by entering

appropriate commands with user interface 46. For

40 25 example, if user interface 46 has a keypad, a user can

position highlight region 151 using "up" and "down"

arrow keys on remote control 40. A user may select a

listing by, for example, pressing on the "OK" or "info"

45 key on remote control 40. Alternatively, a touch

30 sensitive screen, trackball, voice recognition device,

or other suitable device may be used to move highlight

region 151 or to select program listings without the

50 use of highlight region 151. In still another
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approach, a user may speak a television program listing

10 into a voice request recognition system. These methods

of selecting program listings are merely illustrative.

Any other suitable approach for selecting program

5 listings may be used if desired.

15 A user may view additional listings for the

time slot indicated in timebar ill by, for example,

pressing an "up" or "down" arrow, or a "page up" or

"page down" key on remote control 40. The user may
20 10 also see listings for the next 24 hour period, or the

last 24 hour period, by pressing a "day forward" or

"day backward" key on remote control 40, respectively.

If there are no listings starting exactly 24 hours in
25 the indicated direction, the program guide may pick

15 programs starting at either closer or further than 24

hours away. If desired, the program guide may require

a user to scroll through advertisement banner 110. A30 user may view program listings for other time slots by,

for example, pressing "right" and "left" arrows on

20 remote control 40.

FIG. 7 illustrates the display of program

listings by channel. A user may scroll up and down to

view program listings for additional time slots, and

may scroll left and right to view program listings for

40 25 other channels. If desired, the day for which program

listings are displayed may be included in display

area 147 with the channel number as shown.

The-program guide may provide users with an

45 opportunity to view program listings sorted by

30 category. A user may, for example, press a special

category key on remote control 40 (e.g., "movies",

"sports", "children", etc.), select a selectable

50 category feature from main menu screen 100 (FIG. 5), or
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may indicate a desire to view program listings by

10 category using any other suitable approach. FIG. 8a is

an illustrative program listings screen in which

program listings for movies are displayed. FIG. 8b is

5 an illustrative program listings screen in which

15 program listings for sports-related programming are

displayed. FIG. 8c is an illustrative program listings

screen in which program listings for children's

programs are displayed.

20 10 In program listings display screens such as

those shown in FIGS. 7a and 8a-8c for example, program

listings within lists 129 may be divided into

predefined time slots, such as into 30 minute time
25 slots. Between each time slot, separator 128 may be

15 displayed to indicate to a user that a user has

scrolled or paged program listings from one time slot

to the next. In FIG. 7 for example, a user is
30

scrolling from program listings in the 11:30 PM to the

12:00 AM time slot. This is indicated by the display of

20 the name of the next week day. In FIGS. 8a-8c, for

35 example, a user is scrolling from program listings in

the 12:30 PM time slot to program listings in the 1:00

PM time slot. If desired, separators 128 may be

displayed only for those timeslots for which there are

40 25 listings. When the user scrolls within listings,

highlight region 151 may skip separator 128. FIGS. 6,

7, and 8a-8c also illustrate how the program guide may

display an advertisement banner so that a user is

45 required to scroll past the banner to access additional

30 program listings.

The program listings screens of FIGS. 6, 7,

8a, 8b, and 8c have also been shown as including

50 various other screen elements. Program listings
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display screens may include, for example, selectable

10 advertisements, advertisement banners, brand logos,

service provider logos, clocks, message indicators, or

any other suitable screen element. The program guide

5 may provide users with access to selectable

15 advertisements in response to, for example, a user

pressing left arrows to move highlight region 151 to

highlight a selectable advertisement. In the

illustrative program listings screens of FIGS. 6, 8a,

20 10 8b, and 8c, the program guide may also adjust the time

displayed in timebar 123 as the user scrolls or pages

through program listings to reflect the time of the

program listing at the top of the list.
25 The program guide client may provide a user

15 with an opportunity to define sophisticated boolean or

natural language expressions of one or more criteria.

Such criteria may include, for example, attribute type
30 and attribute information that is provided by program

guide server 25. The user defined expressions may be

20 stored by program guide server 25 for searching through

and sorting program guide data, scheduling reminders,
35

automatically recording programs, and parentally

controlling programs. Criteria may also be derived by

the program guide server or program guide client from

25 user profiles or by monitoring usage of the program

guide or advertising. Program guide server 25 may also

use expressions to obtain other types of information or

programs. Program guide server 25 may obtain, for

45 example, video-on-demand programs, web site links,

30 games, chat group links, merchandise information, or

any other suitable information or programming from data

sources 14 located at main facility 12 or other

50 facilities. The program guide client may provide users
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with an opportunity to access, modify, or delete the

10 expressions if desired.

A user may indicate a desire to search

program guide data by, for example, selecting

5 selectable Search feature 106 of main menu 102 (FIG.

15 5). In response, the program guide client may display

a criteria screen, such as illustrative criteria screen

141 and 149 of FIGS. 9a and 9b. The program guide

client may display criteria screen 141 of FIG. 9a to

20 10 provide a user with an opportunity to define a boolean

expression. The user may construct a boolean

expression by selecting criteria such as attribute

types, attributes, logical operators, and sorting

25 criteria. User selectable criteria may also include

15 what program guide server 25 searches for such as, for

example, program listings, program information, web

sites, video-on-demand videos, software, or any other
30 suitable program guide data, other information, or

videos.

20 Users may define expressions by, for example,

arrowing up or down between criteria, arrowing left or
right to choose an attribute, attribute type or logical

operator, and pressing a suitable key to indicate that

the user is finished (e.g., an "OK" key). In the

25 example of FIG. 9a, the user has constructed a boolean40

expression for all action programs that have the actor

Bruce Willis, that start between 7:00P and 11:00P, and

that end between 9:00P and 1:30A on the current day.

45 FIG. 9a has not been shown as including criteria for

30 selecting what program guide server 25 searches for to

avoid over-complicating the drawing.

The program guide client may display criteria

50 screen 149 of FIG. 9b to provide a user with an
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opportunity to construct a natural language expression.

10 The user may enter a natural language phrase, such as

"List in alphabetical order all action programs

starring Bruce Willis and that start today between

5 7:00P and 11:00P and that end between 9:OOP and 1:30A"

15 using user interface 46 (FIG. 4).

The program guide client may submit the user

defined boolean expression or the natural language

expression to program guide server 25 for processing.

20 10 Program guide server 25 may process the expression, and

provide the resulting program guide data (e.g., program

listings, program information, software, Internet

links, etc.) or video programs to the program guide

25 client for display. FIG. 11 shows an illustrative

15 program listings screen that may be displayed by the

program guide client in response to the expressions

defined in FIGS. 9a and 9b.
30 Users may also indicate a desire to have

program guide server 25 automatically process

20 expressions by, for example, saving defined expressions

as agents. A user may indicate a desire to save an

expression as an agent by, for example, selecting Save

As Agent selectable feature 147 of FIGS. 9a and 9b

after defining a boolean or natural language

25 expression. The program guide client may automatically

highlight Save As Agent selectable feature 147 when a

user indicates that the user is finished defining an

expression (e.g., by pressing an "OK" key). If desired

45 the program guide client may provide the user with an

30 opportunity to name the agent.

Users may access saved expressions or agents

by, for example, selecting selectable Agent feature 106

50 of main menu 102. In response, the program guide
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client may display a list of saved expressions or

10 agents. An illustrative agents screen 1101 is shown in

FIG. 10. A user may indicate a desire to view program

listings by, for example, positioning highlight region

5 151 over the desired expression and pressing an "OK"

15 key on remote control 40. In response to a user

indicating a desire to access an expression, the

program guide client may submit the user defined

expression to program guide server 25 for processing.
20 10 Program guide server may process the expression, and

provide program listings to the program guide client

for display in a program listings screen. For example,

if a user saved the boolean expression of FIG. 9a,
25 named it "Bruce Willis", and then indicated a desire to

15 access listings for the expression the program guide

client may display the listings screen of FIG. 10.

30 In still another approach, the program guide

client may provide the expression to program guide

server 25 in response to the user saving the expression

20 as an agent. Program guide server 25 may store the

35 expression and monitor the data stored on storage

device 56 for program guide listings, program

information, other information, software, videos, etc.,

that match the expression. Program guide server 25 may

40 25 also query other sources for program guide data and

videos that match the expression via, for example, the

Internet. Program guide server 25 may obtain the

program guide data, other information or videos from

45 storage device 56 or other sources and provide them to

30 the program guide client when the user indicates a

desire to access the agent. Alternatively, program

guide server 25 may provide the program guide data,

50 other information, or videos to the program guide
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client automatically when the user accesses a feature

10 of the program guide that would display such

information. In still another suitable approach,

program guide server 25 may provide, for example,

5 program identifiers and air times to the program guide

15 client for use in generating program reminders that

indicate found programs.

The program guide may also provide users with

an opportunity to define user preferences that allow

20 10 users to customize their program guide experience.

Systems in which interactive television program guides

provide users with opportunities to define user

preference profiles are described, for example, in
25 Ellis et al. U.S. patent application Serial No.

15 09/034,934, filed March 4, 1998 (Attorney Docket

No. UV-43), which is hereby incorporated by reference

herein in its entirety. Users may indicate a desire to
30

set up user preference profiles, for example, by

selecting a selectable Setup feature 106 from main menu

20 102 of FIG. 5. When a user selects a selectable Setup

35 feature 106 from main menu 102, the program guide

client may display a setup screen, such as illustrative

setup screen 411 of FIG. 12.

Setup screen 411 may provide a user with an

40 25 opportunity to set up various guide features, set

parental control features, set features of set-top box

28 (FIG. 3), set audio features, set the screen

position, set user preference profiles, or to set up

45 any other feature or suitable combination of features.

30 The user may indicate a desire to set up a user

preference profile by, for example, selecting User

Profile feature 417. When the user indicates a desire

50 to set up a user preference profile, the program guide
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client may display a user preference profile setup

10 screen, such as the preference profile setup screens

shown in FIGS. 13a-13f. This method of defining user

profiles is only illustrative, as any suitable method

5 may be used.
15 In practice, there may be multiple users

associated with each user television equipment 22. The

program guide may provide users with the ability to set

up multiple user preference profiles. Users may switch
20 10 between user preference profiles by, for example,

selecting preference profile selector 109 and arrowing

right or left to select the desired user preference

profile. In FIGS. 13a-13f, for example, the user has
28 selected Preference profile #1, which may correspond to

15 a particular user.

User preference profiles may include criteria

30 such as preference attributes 104 and preference levels

106. Preference attributes 104 may be organized by

type. Attribute types and attributes may be programmed

20 into the program guide client, or may be retrieved by

35 the program guide client from program guide server 25.

In the former approach, the available attribute types

and attributes may remain static until the program

guide client is updated. In the latter approach, the

40 25 available attribute types and attributes may be

dynamic. Suitable attribute types and attributes may

be provided at any time by main facility 12 or

television distribution facility 16. Each time a user

45 indicates a desire to set up a user preference profile,

30 the program guide client may query program guide server

25 for the available attribute types and attributes.

When a user indicates a desire to set up a user

50 preference profile in either approach, the program
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guide client may query program guide server 25 for the

10 user preference profiles associated with that program

guide client.

FIGS. 13a-13f show six illustrative views of

5 preference profile setup screens in which the user has

15 selected attribute types by, for example, selecting

attribute selector 111 and arrowing right or left until

a desired preference attribute type is displayed. For

example, FIGS. 13a-13f illustrate how the program guide
20 10 may provide a user with an opportunity to set

preference levels for series, genres, channels, actors

and actresses, ratings, and other types of preference

attributes, respectively. The user may select
25

preference attributes by, for example, arrowing down

15 after selecting an attribute type. The user may then

arrow right or left until a desired attribute is.

30 displayed. After the desired preference attribute is

displayed, the user may, for example, arrow down to set

a preference level for the attribute. The user may

20 then, for example, arrow right or left to select a

35 suitable preference level.

Preference levels that may be used to

indicate the user's interest or disinterest in a given

preference attribute include strong like, weak like,

40 25 strong dislike, weak dislike, mandatory (appropriate,

e.g., for closed-captioning for a deaf person), illegal

(appropriate, e.g., for R-rated programs for a child)

and don't care (neutral). After the user indicates

45 that he or she is finished defining a profile (e.g., by

30 pressing an "OK' key or remote control 40), the program

guide client may provide the preference profile data to

program guide server 25 for use in providing program

50 guide data. The user may arrow down again to select
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additional criteria, or arrow up to edit criteria that

10 has already been selected. The user may delete an

attribute by, for example, setting its preference level

to "don't care."

5 The user may activate or deactivate one or

15 more defined preference profiles by, for example,

selecting selectable Profile feature 106 from main menu

102 of FIG. 5. The program guide client may respond

by, for example, querying program guide server 25 for

20 10 any defined preference profiles, providing the user

with a list of preference profiles, and providing the

user with an opportunity to activate or deactivate one

or more preference profiles as shown in FIG. 14. A

25 user may deactivate a preference profile by, for

15 example, setting the profile to non-active. A user may

set a preference profile as active to varying degrees.

For example, a user may set a profile as active by30
setting the profile to "wide", "moderate", or "narrow"

scope.

20 The program guide client may also indicate to

35 program guide server 25 which profiles are activated or

deactivated. The program guide server may use, for

example, the attributes of one or more user preference

profiles as additional criteria when retrieving data in

40 25 response to data requests from the program guide

client. If multiple preference profiles are used

simultaneously, program guide server 25 may reconcile

any conflicts using any suitable approach. Interactive

45 television program guide systems that resolve conflicts

30 among multiple active user preference profiles are

described, for example, in above-mentioned Ellis et al.

U.S. patent application Serial No. 09/034,934, filed

50 March 4, 1998.
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FIG. 15 is a table containing an illustrative

10 list of programs that might be available to a user.

The results that appear under the columns labeled

"narrow scope", "moderate scope", and "wide scope",

5 show which programs satisfy the preference attributes

15 and preference levels of, for example, Profile #1 as

illustratively defined in FIGS. 13a-13f. In practice,

a listings screen generated based on a profile that is

set to widest scope may typically include a larger

20 10 number of program listings depending on the mandatory

attributes set by the user.

When the user activates Profile #1 and sets

it to the widest scope, program guide server 25 may

25 provide program guide data for programs that have all

15 mandatory attributes and no illegal attributes. For

example, Seinfeld, The Shining, ER, Terminator, and My

Stepmother is an Alien are included in the widest
30

preference scope because they have the only mandatory

attribute that is specified in Profile #1 -- closed-

20 captioning (as set in FIG. 13f). In addition, they

have no preference attributes with a preference level35

of illegal (R rating, TV-MA rating, or NC-17 rating (as

set in FIG. 13e). The Night at the Opera is not

included because it does not have a mandatory attribute

40 25 (closed-captioning). Dante's Peak is not included

because it has a illegal rating (R). An illustrative

program listings screen that may be displayed by the

program guide client with such limited data is shown in

45 FIG. 16a (ER has not been listed because, presumably,

30 it would be in a different time block).

When the user activates Profile #1 and sets

it to the moderate scope, program guide server 25 may

50 provide program guide data for programs that have no

55

DISH, Exh. 1008, p. 375

WO 00nl 1969

Petitioner Microsoft Corporation - Ex. 1008, p. 1536



PCTIUS99fl9051

-36-

preference attributes with an associated preference

10 level of disliked, that have all mandatory attributes,

and that have no illegal attributes. The Shining is

not included because horrors have a preference level of

5 "weak dislike" (as set in FIG. 13b). Dante's Peak is

15 not included because it has an R-rating, which has an

attribute level of illegal (as set in FIG. 13e). Night

at the Opera is not included because it is not closed-

captioned, which is a mandatory attribute (as set in

20 10 FIG. 13f). The Terminator, for example is not within

the moderate scope of Profile #1 because the preference

attribute of horror in Profile #1 has an associated

preference level of "weak dislike" and the preference

25 attribute of Schwarzenegger (an actor in the program

15 Terminator) has an associated preference level of

"strong dislike" (as set in FIGS. 13b and 13d,

respectively). Seinfeld and ER are included because
30

they do not have any disliked attributes.

When faced with two different preference

20 levels associated with the same program, the program

35 guide uses the stronger of the two. My Stepmother is

an Alien is included, for example, because it has a

"strong like" preference attribute that outweighs the

"weak dislike". An illustrative program listings

40 25 screen that may be displayed by the program guide

client with such limited program guide data is shown in.

FIG. 16b. In practice, a listings screen generated

based on a profile that is set to moderate scope may

45 typically include a larger number of program listings

30 depending on the mandatory attributes set by the user.

When the user activates Profile fi and sets

it to the narrow preference scope, program guide server

50 25 may provide program guide data for all liked
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programs that are not more disliked and that have all

10 mandatory attributes and no illegal attributes. The

Shining is not included because it has a weakly

disliked attribute, horror. Terminator is not included

5 because it has a strongly disliked attribute, Arnold

15 Schwarzenegger. My Stepmother is an Alien is included

because the strongly liked attribute of comedy has

priority over the weakly disliked attribute of horror.

Dante's Peak is not included because it has a rating of

20 10 R. Night at the Opera is not included because it is

not closed-captioned. ER is not within the narrow

scope because it does not have any liked attributes.

It is at best, neutral. An illustrative program
25 listings screen that may be displayed by the program

15 guide client with such limited program guide data is

shown in FIG. 16c.

The program guide may also provide users with
30 an opportunity to schedule reminders using boolean or

natural language expressions having one or more

20 criteria. If desired, program guide server 25 may

schedule reminders based on user preference profiles35

and agents. Reminders may be scheduled for individual

programs or series of programs. Systems in which

reminders are set for series of programs are described,

40 25 for example, in Knudson et al. U.S. patent application

Serial No. 09/330,792, filed June 11, 1999 (Attorney

Docket No. UV-56), which is hereby incorporated by

reference herein in its entirety.

45 A user may indicate a desire to schedule a

30 reminder by, for example, selecting a selectable

Reminders feature 106 from main menu 100 of FIG. 5. In

response, the program guide may display a criteria

50 screen. Illustrative criteria screens 161 and 169 are
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shown in FIGS. 17a and 17b. The program guide client

10 may display criteria screen 161 of FIG. 17a to provide

a user with an opportunity to set reminders according

to a boolean type expression. The user may construct a

5 boolean expression by selecting criteria such as

15 attribute types, attributes, and logical operators.

The user may make such selections, for example, using

any suitable combination of right, left, up, or down

arrow key sequences to sequence through the attribute

20 10 types, attributes and logical operators. In the

example of FIG. 17a, the user has defined a boolean

expression to schedule reminders for comedies that star

Gary Shandling and that have a rating less than R. In

25 the example of FIG. 17b, the user has defined a similar

15 natural language expression.

The program guide client may submit the user

defined boolean or natural language expression to
30

program guide server 25 for processing. Program guide

server 25 may process the expression and schedule

20 reminders for all of the programs that meet the

35 expression. Program reminders may be scheduled using

any suitable approach. In one suitable approach,

program guide server 25 may store program identifiers

and air times and send messages to the program guide

25 client at an appropriate time before a program starts.

In another suitable approach, program guide server 25

may process an expression and provide program

identifiers and air times to the program guide client.

45 The program guide client may, for example, maintain a

30 list of program identifiers and display program

reminders at an appropriate time before the programs

start.

50
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The program guide may remind a user that a

10 program is airing at the time a program airs. In an

alternative approach, the program guide may remind a

user at some predetermined period of time before the

5 program airs that a program is going to air. FIGS. 18

15 and 19 show illustrative program reminder lists 171.

In FIG. 18, reminder list 171 is overlaid on top of the

currently display television program to provide a user

with the opportunity to view a reminder while still

20 10 viewing a portion of the television program that a user

is watching. In FIG. 19, reminder list 171 is shown

overlaid on top of a program listings display screen.

The program guide may provide a user with an

25 opportunity to scroll through reminder list 171 by, for

15 example, using remote control arrow keys. The program

guide may hide the reminder list when, for example, a

user selects hide reminder feature 172. The guide may
30 also display reminder list 171 if, for example, the

user presses an "OK" key at any time while watching TV.

20 The program guide may also provide users with

an opportunity to schedule programs for recording by35

secondary storage device 47 or digital storage device

49 (FIG. 4) using boolean or natural language

expressions. If desired, program guide server 25 may

40 25 schedule programs for recording based on user

preference profiles or agents. Programs may also be

scheduled for recording by program guide server 25.

Program guide systems in which programs are recorded by

45 a remote server are described, for example, in Ellis et

30 al. U.S. patent application Serial No. 09/332,244,

filed June 11, 1999 (Attorney Docket No. UV-84), which

is hereby incorporated by reference herein in its

50 entirety.
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A user may indicate a desire to schedule a

10 program for recording by, for example, selecting a

selectable Record feature 106 from main menu 102 of

FIG. 5. In response, the program guide may display a

5 criteria screen, such as illustrative criteria screens

15 161 and 169 of FIGS. 17a and 17b. The program guide

client may display criteria screen 161 of FIG. 17a to

provide a user with an opportunity to schedule a

program for recording according to a boolean type

20 10 expression. The user may construct a boolean

expression by selecting criteria such as attribute

types, attributes, and logical operators. The user may

make such selections, for example, using any suitable

25 combination of right, left, up, or down arrow key

15 sequences to sequence through the attribute types,

attributes and logical operators. In the example of

FIG. 17a, the user has defined a boolean expression to
30

schedule for recording comedies that star Gary

Shandling and that have a rating less than R. In the

20 example of FIG. 17b, the user has defined a similar

natural language expression with similar criteria.35
The program guide client may submit the user

defined boolean or natural language expression to

program guide server 25 for processing. Program guide

25 server 25 may process the expression and schedule all

of the programs that meet the expression for recording.

Recording by program guide server 25 may be performed,

for example, as described in above-mentioned Ellis et

45 al. U.S. patent application Serial No. 09/332,244,

30 filed June 11, 1999 (Attorney Docket No. UV-84). In

another suitable approach, program guide server 25 may

process the expression and provide program identifiers

50 and air times to the program guide client. The program
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guide client may, for example, maintain a list of

10 program identifiers and program air times and may

instruct optional secondary storage device 47 or

digital storage device 49 to record the programs.

5 The program guide may also provide users with

15 an opportunity to parentally control titles, programs,

or channels using boolean or natural language

expressions. If desired, program guide server 25 may

parentally control programs based on user preference

20 10 profiles. A user may indicate a desire to parentally

control titles, programs, or channels by, for example,

selecting a selectable Parents feature 106 from main

menu 102 of FIG. 5. In response, the program guide may

25 display a criteria screen, such as illustrative

15 criteria screens 161 and 169 of FIGS. 17a and 17b. The

program guide client may display criteria screen 161 of

FIG. 17a to provide a user with an opportunity to

30 control programs, for example, according to a boolean

type expression. The user may construct a boolean type

20 expression by selecting criteria such as attribute

types, attributes, and logical operators. The user may35
make such selections, for example, using any suitable

combination of right, left, up, or down arrow key

sequences to sequence through the attribute types,

40 25 attributes and logical operators. In the example of

FIG. 17a, the user has defined a boolean expression to

lock out comedies that star Gary Shandling and that

have a rating less than R. In the example of FIG. 17b,

45 the user has defined a similar natural language

30 expression with similar criteria.

The program guide client may submit the user

defined boolean or natural language expression to

50 program guide server 25 for processing. Program guide
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server 25 may process the expression, determine all of

10 the programs that meet the expression, and indicate the

programs that are locked to the program guide client

when providing program listings to the program guide

5 client using a suitable indicator (e.g., "locked" tag

15 contained in the listings information). The program

guide client may, for example, indicate that a program

is locked by displaying lock indicator 161 when

displaying locked listings in a listing screen, as
20 10 shown, for example, in FIG. 7. By placing the

processing and storage burdens of locking programs on

program guide server 25 instead of user television

equipment 22, more titles may be locked than would
25 otherwise because of the limited processing and storage

15 resources of user television equipment 22. If desired,

titles, programs, or channels may also be locked using

conventional parental control techniques. Program
30 guide systems that provide users with an opportunity to

parentally control titles, programs, or channels are

20 described, for example, in above-mentioned Knudson et

al. U.S. patent application Serial No. 09/357,941 filed

July 16, 1999 (Attorney Docket No. UV-114).

Program guide server 25 may also record the

viewing histories of users on storage device 56.

40 25 Viewing histories may be created using any suitable

approach. The program guide client may, for example,

keep track of all of the programs that a user watches

for longer than a predefined time, and record the

45 household that the guide client is running in, the

30 current active preference profile or profiles, the

program (or its identifier), and how long the user

watched the program. The program guide client may also

50 track when users order pay-per-view programs, record
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programs, and schedule reminders for programs, and may

10 also provide this information to program guide server

25 as part of the viewing histories. Other types of

information may also be included in the viewing

5 histories. User defined expressions, for example, may

15 be stored by program guide server 25 to track what

types of programs users search for. In addition, user

demographic values may be calculated by program guide

server 25 and used to more accurately target

20 10 advertisements or recommend programs. Systems in which

user demographic values are calculated are described,

for example, in Knudson et al. U.S. patent application

Serial No. 09/139,777, filed August 25, 1998 (Attorney

25 Docket NO. UV-58), which is hereby incorporated by

15 reference herein in its entirety.

The program guide client may provide the

viewing history information to program guide server 25
30 continuously (e.g., each time the program guide client

determines that a user has watched a program for the

20 predefined time), periodically, in response to polls or

requests from program guide server 25, or with any

other suitable frequency. If desired, the program

guide client may also monitor advertisement usage, such

as what selectable advertisements users have selected.

25 Program guide systems in which user viewing activities

and advertisement usage are tracked are described, for

example, in Thomas et al. U.S. patent application

Serial No. 09/139,798, filed August 25, 1998 (Attorney

45 Docket No. UV-57), which is hereby incorporated by

30 reference herein in its entirety.

The program guide may process user profiles

along with the viewer histories to present a more

50 customized viewing experience to the user. The program
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guide may, for example, identify which programs or

10 series episodes users have watched. Program guide

server 25 may, for example, identify episodes that

users have not yet watched and may indicate such

5 episodes to the program guide client when the program

15 guide client requests program listings. The program

guide client in turn may indicate that a program is new

to a household by, for example, displaying a suitable

icon or changing the display characteristics of a

20 10 listing (e.g., changing its color). FIG. 7 shows, for

example, the display of New indicator 159 in list 129

to indicate to a user that the user has not seen a

particular episode of Saturday Night Live. Program

25 guide server 25 may also calculate ratings, such as

15 Nielsen ratings, based on the viewing histories and

provide such information to interested parties.

The program guide may also use the viewing
30

history and user preferences to target the user with

advertisements. Program guide systems in which users

20 are targeted with advertisements are described, for

35 example, in Knudson et al. U.S. patent application

Serial No. 09/034,939, filed March 4, 1998 (Attorney

Docket No. UV-42), which is hereby incorporated by

reference herein in its entirety. Targeted

40 25 advertisements may contain text, graphics, or video.

Targeted advertisements may also be active objects

containing various user-selectable options. For

example, a targeted advertisement may allow the user to

45 request that additional information on a product be

30 mailed to the user's home, may allow the user to

purchase a product, or may allow the user to view

additional information on a product using the program

50 guide. Targeted advertisements may be displayed in any
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suitable program guide display screen. The program

10 guide client may, for example, display targeted

advertisements in criteria or profile screens based on

a displayed criteria, profile, or agent. Selectable

5 advertisements 108 and advertisement banner 110, for

15 example, may be targeted advertisements.

The program guide may make personalized

viewing recommendations based on the viewing histories,

preference profiles, or any suitable combination

20 10 thereof. Program guide server 25 may, for example,

construct relational database expressions from the

viewing histories that define expressions for the

program categories and ratings for programs that users

25 have watched, scheduled reminders for, searched for, or

15 ordered the most. Program guide server 25 may then

apply user preference profile criteria to the programs,

and generate personal viewing recommendations. In
30 still another suitable approach, program guide server

25 or the program guide client may filter viewing

20 recommendations that are generated by main facility 12

or television distribution facility 16 based on similar
35

expressions, profiles, viewing histories, etc.

Assume, for the purpose of illustration, that

a user has run the expression illustrated in FIGS. 9a

25 and 9b, and has set the user profiles of FIGS. 13a-13f,

program guide server 25 may determine that the movie

Armageddon meets the criteria of the expression that

was run, and also meets the criteria of the current

45 user profile. Armageddon is a movie (strong like), an

30 action (strong like), and does not have an illegal

rating (it is rated PG-13). Program guide server 25

may indicate the movie Armageddon (or its identifier)

50 and its air time to the program guide client and
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indicate to the client (e.g., using a second

10 identifier) that a viewer recommendation for the movie

is to be displayed. The program guide client may

display a viewer recommendation overlay, such as

5 overlay 2111 shown in FIGS. 20a and 20b, over a program

15 the user is watching or over a program guide display

screen, respectively. The user may press a suitable

key on remote control 40 (e.g., an "info" key) to

access additional information for a recommended

20 10 program. An illustrative additional information screen

is shown in FIG. 20c. Additional program information

screens are described, for example, in above-mentioned

Knudson et al. U.S. patent Application Serial

25 No. 09/357,941 filed July 16, 1999 (Attorney Docket

15 No. UV-114). The program guide client may tune user

television equipment 22 to the channel on which a

recommended viewing is aired when, for example, a user
30 selects "Yes". If desired, recommendations may include

a suitable graphic, such as a graphic indicating the

20 recommended program.

FIGS. 21-24 show flowcharts of illustrative
35

steps involved in performing various aspects of the

present invention. The steps shown in FIGS. 21-24 are

only illustrative, and may be performed in any suitable

25 order.

FIG. 21 shows a flowchart of illustrative

steps involved in storing preference profiles on

program guide server 25. If desired, the steps shown

45 may be performed in a client-server interactive program

30 guide system in which users are not required to

navigate the Internet. At step 2000, the program guide

client running on user television equipment 22 provides

50 a user with an opportunity to define a preference
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profile. The preference profile may include user

10 selected or defined levels of desirability of various

program characteristics, such as genre and rating.

Users may define preference profiles by, for example,

5 selecting a profile (step 2002) and selecting criteria

15 (step 2004) such as attribute types (step 2006) and

attributes (step 2008). Preference profiles may, for

example, be created as database files (e.g., SQL files)

containing suitable database expressions that are

20 10 provided to program guide server 25. Program guide

server 25 may store the preference profiles at step

2012.

Program guide data is provided from program

25 guide server 25 to the program guide client and is

15 displayed by the program guide client at steps 2020 and

2030, respectively. Program guide server 25 or the

program guide client may use preference profiles to
30

filter out undesirable program guide data. This may be

accomplished using any suitable approach. Program

20 guide server 25 may, for example, only provide program

35 listings information or other program guide data that

meets the preference profile or profiles to the program

guide client (step 2025). Alternatively, program guide

server 25 may provide program guide data, other

25 information, or videos to the program guide client and

the program guide client may filter the data, other

information, or videos by displaying only those

elements that meet the preference profile or profiles

45 (step 2035).

30 Program guide server 25 may perform

additional functions based on preference profiles if

desired. Program guide server 25 may, for example,

50 lock programs according to preference profiles (step
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2040), automatically record programs according to

to preference profiles (step 2050), schedule reminders

based on preference profiles istep 2060), or target

advertising based on preference profiles (step 2070).

15 viewing recommendations based on preference profiles at

step 2080. Step 2080 may also include filtering

viewing recommendations based on preference profiles

provided by main facility 12 or television distribution
20 10 facility 16 (step 2085).

FIG. 22 is a flowchart of illustrative steps

involved in providing users with an opportunity to

search program guide data in accordance with the
25 principles of the present invention. If desired, the

15 steps shown may be performed in a client-server

interactive program guide system in which users are not

30 required to navigate the Internet. At step 2100, the

program guide client provides a user with an

opportunity to define an expression, such as a boolean

20 or natural language expression. This may include, for

35 example, providing a user with an opportunity to select

attribute types, attributes, and logical operators

(steps 2102, 2104, and 2106, respectively). The user

may also be provided with an opportunity to save the

40 25 expression as an agent (step 2110). The program guide

client provides the expression to program guide server

25 for processing at step 2120. The program guide

client may for example, provide a boolean or natural

45 language expression in a text file. Alternatively, the

30 program guide client may construct suitable database

expressions and provide the expressions to program

guide server 25 as one or more suitable database files

50 (e.g., as SQL files).
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If the user indicated a desire to save an

10 expression as an agent at step 2110, program guide

server 25 may save the expression as an agent at step

2130. Otherwise, program guide server 25 may process

5 the expression (step 2140) using any suitable approach.

15 This may depend on how the expression was provided by

the program guide client. If boolean or natural

language expressions were provided as text files, for

example, program guide server 25 may parse the
20 10 expressions and construct a suitable database

expression. Alternatively, database expressions may

have been provided by the program guide client. In

either approach, program guide server 25 may search its
25 database or databases at other facilities for program

15 guide data (e.g., program listings, additional program

information, etc.), other information (e.g., software,

Internet links, etc.), or videos (e.g., video-on-demand30
videos) and may provide the results to the program

guide client at step 2150. At step 2160 the program

20 guide client may display the results on user television

35 equipment 22.

If the user indicated a desire to save the

expression as an agent at step 2110. Program guide

server 25 may save the expression as an agent using any

40 25 suitable approach. Agents may be maintained, for

example, in a database that program guide server 25

monitors periodically. If desired, the agent may be

forwarded to other servers at other facilities, thereby

45 providing a user with the ability to monitor multiple

30 databases for program guide data, other information, or

videos. Agents may be run automatically (e.g.,

databases may be queried) on one or more servers at

50 step 2145. Step 2145 may be performed periodically,
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each time a database is updated, or with any other

10 suitable frequency. Program guide server 25 may

provide its results and the results of other servers

(if desired) to the program guide client at step 2155.

5 The program guide client may display the results at
15 2165. The results may be displayed, for example, in

the form of reminders for which reminder information

was provided at step 2155.

FIG. 23 shows a flowchart of illustrative
20 10 steps involved in processing and using expressions on

program guide server 25 in accordance with the

principles of the present invention. If desired, the

steps shown may be performed in a client-server
25

interactive program guide system in which users are not

15 required to navigate the Internet. The program guide

client provides users with an opportunity to define an

30 expression (e.g., boolean or natural language

expressions) at step 2100. This may include, for

example, providing a user with an opportunity to select

20 attribute types, attributes and logical operators

35 (steps 2102, 2104, and 2106, respectively). The

program guide client provides the expression to program

guide server 25 for processing at step 2210 as any

suitable type of file. The program guide client may

40 25 for example, provide a boolean or natural language

expression in a text file. Alternatively, the program

guide client may construct suitable database

expressions and provide the expressions to program

45 guide server 25 as one or more suitable database files

30 (e.g., as SQL files).

Program guide server 25 may process the

expression (step 2220) using any suitable approach
50 depending on how the expression was provided to program
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guide server 25 from the program guide client. If

10 boolean or natural language expressions were provided

as text files, for example, program guide server 25 may

parse the expressions and construct a suitable database

5 expression. Alternatively, database expressions may

15 have been provided to program guide server 25 from the

program guide client. In either approach, program

guide server 25 may search its database or databases at

other facilities and may provide the results to the

20 10 program guide client or use the results to perform any

suitable program guide function.

Reminders may be scheduled based on the

results of the search (step 2230). Program guide
25 server 25 may, for example, store reminder information

15 (e.g., program identifiers and air times) at step 2235

and send messages to the program guide client at an

appropriate time before a program starts. In another
30

suitable approach, program guide server 25 may process

an expression and provide program identifiers and air

20 times to the program guide client. The program guide

client may, for example, maintain a list of program
35

identifiers and display program reminders at an

appropriate time before the programs start.

Programs may also be automatically recorded

40 25 by program guide server 25 or user television equipment

22 based on the results of the expression (step 2240).

Program guide server 25 may, for example, provide

program identifiers and air times to the program guide

45 client. The program guide client may, for example,

30 maintain a list of program identifiers and program air

times and may instruct optional secondary storage

device 47 or digital storage device 49 to record the

50 programs at the appropriate time.
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Programs may be parentally locked based on

10 the expression results (step 2250). Program guide

server 25 may, for example, store parental control

information (e.g., program identifiers in a database,

5 table, or list of programs to be locked) at step 2260.
15 Program guide server 25 may indicate to the program

guide client that programs are locked when providing

program listings to the program guide client.

Alternatively, program guide server 25 may indicate to
20 10 the program guide client the programs that were found

as a result of the expression. The program guide

client may lock the programs locally using any suitable

approach. The program guide client may, for example,
25 indicate that a program is locked by displaying lock

15 indicator 161 when displaying locked listings in a

listing screen, as shown, for example, in FIG. 7.

FIG. 24 shows a flowchart of illustrative
30

steps involved in tracking and using viewing histories

in accordance with the principles of the present

20 invention. If desired, the steps shown may be

35 performed in a client-server interactive program guide

system in which users are not required to navigate the

Internet. Viewing histories are tracked at step 2300.

This may include tracking programs that users watch

40 25 (step 2310), tracking reminders scheduled by a user

with program guide server 25 or using conventional

techniques (step 2320), tracking pay-per-view programs

that the user orders (step 2330), advertisement usage

45 (step 2335), track recorded programs (step 2337), track

30 any other suitable user activity, or any suitable

combination thereof. The program guide client may

provide the viewing history information to program

50 guide server 25 continuously (i.e., each time the
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program guide client determines that a user has watched

10 a program for the predefined time), periodically, in

response to polls or requests from program guide server

25, or with any other suitable frequency.

5 The viewing history tracked in steps 2310-

15 2335 may be stored on program guide server 25 at step

2340. If desired, user-defined expressions that are

processed by program guide server 25 may also be stored

on program guide server 25 (step 2345). User
20 10 demographic values may be calculated by program guide

server 25 at step 2347. The viewing history and its

expressions and user demographic values may be used by

program guide server 25 to perform any suitable
25

function. Program guide server 25 may, for example,

15 collect program rating information (step 2350), or

target advertising (step 2360).

30 Program guide server 25 may search its or

another server's database for programs that are

consistent with the viewing history (step 2370). If

20 desired, program guide server 25 may find programs that

35 are also consistent with preference profiles stored by

program guide server 25 (step 2375). Program guide

server may perform any suitable function using the

results of the search. Program guide server 25 may,

40 25 for example, identify episodes of programs that are new

to a user (step 2380), or provide viewing

recommendations in the form of, for example, reminders

or recommendations for non-program items (e.g.,

45 software, Internet links, etc.) (step 2390).

30 The foregoing is merely illustrative of the

principles of this invention and various modifications

can be made by those skilled in the art without
50 departing from the scope and spirit of the invention.
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What is claimed is:

10 1. A method for use in a client-server

interactive television program guide system comprising:

providing a user with an opportunity to

define user preferences using an interactive television
15 program guide client that is implemented on user

television equipment, without requiring the user to

navigate the Internet;

providing the user preferences to a
20 program guide server; and

providing program guide data to the

program guide client according to the user preferences.

25

2. The method defined in claim 1 further

comprising:

generating a viewing recommendation

30 based on the user preferences with the program guide

server; and

displaying the user preferences with the

interactive television program guide client on the user

35 television equipment.

3. The method defined in claim 1 wherein

providing a user with an opportunity to define user

40 preferences comprises providing a user with an

opportunity to designate a preference level for a

plurality of preference attributes.

45 4. The method defined in claim 1 further

comprising providing software to the program guide

client according to the user preferences.

50
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5. The system defined in claim 1 further

10 comprising providing Internet links to the program

guide client according to the user preferences.

6. A method for use in a client-server

15 interactive television program guide system for

scheduling reminders according to user defined

expressions, comprising:

providing a user with an opportunity to
20 define an expression with an interactive television

program guide client implemented on user television

equipment without requiring the user to navigate the

Internet;
25 storing the expression on a program

guide server;

processing the expression with the

30 program guide server to find programs that satisfy the

expression; and

scheduling with the program guide server

reminders for programs that satisfy the expression.

35

7. The method defined in claim 6 wherein

scheduling with the program guide server reminders for

programs that satisfy the expression comprises

40 providing at least one message from the program guide

server to the program guide client before each of the

programs that satisfy the expression begin.

45 8. The method defined in claim 6 wherein

scheduling with the program guide server reminders for

programs that satisfy the expression comprises

providing program identifiers for each of the programs

50
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that satisfy the expression from the program guide

10 server to the program guide client.

9. A method for use in a client-server

interactive television program guide system for

15 scheduling programs for recording according to user

defined expressions, comprising: I

providing a user with an opportunity to

define an expression with an interactive television

20 program guide client implemented on user television

equipment without requiring the user to navigate the

Internet;

storing the expression on a program
25 guide server;

processing the expression with the

program guide server to find programs that satisfy the

expression; and
30

scheduling with the program guide server

the programs that satisfy the expression for recording.

10. The method defined in claim 9 wherein35

scheduling with the program guide server the programs

that satisfy the expression for recording comprises

scheduling with the program guide server the programs

40 that satisfy the expression for recording by the user

television equipment.

11. The method defined in claim 9 wherein

45 scheduling with the program guide server the programs

that satisfy the expression for recording comprises

scheduling with the program guide server the programs

that satisfy the expression for recording by the

50 program guide server.
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12. A method for use in a client-server

10 interactive television program guide system for

parentally controlling programs according to user

defined expressions, comprising:

providing a user with an opportunity to

15 define an expression with an interactive television

program guide client implemented on user television

equipment without requiring the user to navigate the

Internet;
20 storing the expression on a program

guide server;

processing the expression with the

program guide server to find programs that satisfy the
25 expression; and

locking with the program guide server

programs that satisfy the expression.

30

13. The method defined in claim 12 wherein

locking with the program guide server programs that

satisfy the expression comprises indicating to the

35 program guide client that the programs that satisfy the

expression are locked.

14. A method for use in a client-server

40 interactive television program guide system for

tracking a user's viewing history, comprising:

tracking a user's viewing history;

storing the user's viewing history on a

45 program guide server;

finding programs with the program guide

server that are consistent with the user's viewing

history; and

50 indicating on user television equipment

the programs found by the program guide server that are

consistent with the user's viewing history and that the
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user has not watched, with an interactive television

10 program guide client implemented on the user television

equipment.

15. The method defined in claim 14 wherein
15 storing the user's viewing history comprises storing a

user defined expression with the program guide server.

16. The method defined in claim 14 wherein
20 storing the user's viewing history comprises

calculating user demographic values with the program

guide server.

25 17. The method defined in claim 14 further

comprising:

providing a user with an opportunity to

define a user preference profile with the interactive30

television program guide client implemented on user

television equipment;

storing the user preference profile on a

35 program guide server; and

finding programs with the program guide

server that are consistent with the user preference

profile, wherein:

40 indicating on user television equipment

the programs found by the program guide server that are

consistent with the user's viewing history and that the

user has not watched comprises indicating on user

45 television equipment the programs found by the program

guide server that are consistent with the user's

viewing history and the user preference profile and

that the user has not watched.

50

18. The method defined in claim 14 further

comprising:
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targeting advertising with the program

10 guide server based on the user's viewing history; and

displaying the advertising with the

interactive television program guide client on the user

television equipment.

15

19. The method defined in claim 14 further

comprising collecting program ratings information with

the program guide server based on the user's viewing
20 history.

20. A client-server interactive television

program guide system comprising:
25 means for providing a user with an

opportunity to define user preferences using an

interactive television program guide client that is

implemented on user television equipment, without

requiring the user to navigate the Internet;

means for providing the user preferences

to a program guide server; and

35 means for providing program guide data

from the program guide server to the program guide

client according to the user preferences.

40 21. The system defined in claim 20 further

comprising:

means for generating a viewing

recommendation based on the user preferences with the

45 program guide server; and

means for displaying the user

preferences with the interactive television program

guide client on the user television equipment.

50

22. The system defined in claim 20 wherein

the means for providing a user with an opportunity to
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define user preferences comprises means for providing a

10 user with an opportunity to designate a preference

level for a plurality of preference attributes.

23. The system defined in claim 20 further

15 comprising means for providing software from the

program guide server to the program guide client

according to the user preferences.

20 24. The system defined in claim 20 further

comprising means for providing Internet links from the

program guide server to the program guide client

according to the user preferences.
25

25. A client-server interactive television

program guide system for scheduling reminders according

to user defined expressions, comprising:30

means for providing a user with an

opportunity to define an expression with an interactive

television program guide client implemented on user

television equipment, without requiring the user to35
navigate the Internet;

means for processing the expression with

a program guide server to find programs that satisfy

40 the expression; and

means for scheduling with the program

guide server reminders for programs that satisfy the

expression.

45

26. The system defined in claim 25 wherein

the means for scheduling with the program guide server

reminders for programs that satisfy the expression

50 comprises means for providing at least one message from

the program guide server to the program guide client
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before each of the programs that satisfy the expression

10 begin.

27. The system defined in claim 25 wherein

the means for scheduling with the program guide server

15 reminders for programs that satisfy the expression

comprises means for providing program identifiers for

each of the programs that satisfy the expression from

the program guide server to the program guide client.

20

28. A client-server interactive television

program guide system for scheduling programs for

recording according to user defined expressions,
25 comprising:

means for providing a user with an

opportunity to define an expression with an interactive

television program guide client implemented on user
30 television equipment, without requiring the user to

navigate the Internet;

means for processing the expression with

a program guide server to find programs that satisfy35

the expression; and

means for scheduling with the program

guide server the programs that satisfy the expression

40 for recording.

29. The system defined in claim 28 wherein

the means for scheduling with the program guide server

45 the programs that satisfy the expression for recording

comprises means for scheduling with the program guide

server the programs that satisfy the expression for

recording by the user television equipment.

50

30. The system defined in claim 28 wherein

the means for scheduling with the program guide server
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the programs that satisfy the expression for recording

10 comprises means for scheduling with the program guide

server the programs that satisfy the expression for

recording by the program guide server.

15 31. A client-server interactive television

program guide system for parentally controlling

programs according to user defined expressions,

comprising:
20 means for providing a user with an

opportunity to define an expression with an interactive

television program guide client implemented on user

television equipment, without requiring the user to
25 navigate the Internet;

means for processing the expression with

a program guide server to find programs that satisfy

the expression; and30

means for locking with the program guide

server programs that satisfy the expression.

35 32. The system defined in claim 31 wherein

the means for locking with the program guide server

programs that satisfy the expression comprises means

for indicating to the program guide client that the

40 programs that satisfy the expression are locked.

33. A client-server interactive television

program guide system for tracking a user's viewing

45 history, comprising:

means for tracking a user's viewing

history with a program guide server;

means for indicating on user television

50 equipment programs that are consistent with the user's

viewing history and that the user has not watched, with
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an interactive television program guide client

10 implemented on the user television equipment.

34. The system defined in claim 33 wherein

the means for tracking the user's viewing history

15 comprises means for storing a user defined expression

with the program guide server.

35. The system defined in claim 33 wherein
20 the means for tracking the user's viewing history

comprises means for calculating user demographic values

with the program guide server.

25 36. The system defined in claim 33 further

comprising:

means for providing a user with an

30 opportunity to define a user preference profile with

the interactive television program guide client

implemented on user television equipment; and

means for finding programs with the

35 program guide server that are consistent with the user

preference profile, wherein:

the means for indicating on user

television equipment the programs found by the program

4guide server that are consistent with the user's

viewing history and that the user has not watched

comprises means for indicating on user television

equipment the programs found by the program guide

45 server that are consistent with the user's viewing

history and the user preference profile and that the

user has not watched.

50 37. The system defined in claim 36 further

comprising:
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means for targeting advertising with the

10 program guide server based on the user's viewing

history; and

means for displaying the advertising

with the interactive television program guide client on

15 the user television equipment.

38. The system defined in claim 36 further

comprising means for collecting program ratings
20 information with the program guide server based on the

user's viewing history.

39. A client-server interactive television
25 program guide system comprising:

a program guide server;

user television equipment on which an

interactive television program guide client is30
implemented, wherein the interactive television program

guide client is programmed to provide a user with an

opportunity to define user preferences without

35 requiring the user to navigate the Internet; and

a communications path over which the

user preferences are provided by the interactive

television program guide client to the program guide

40 server.

40. The system defined in claim 39 wherein:

the program guide server is programmed

45 to generate a viewing recommendation based on the user

preferences; and

the interactive television program guide

client is further programmed to display the viewing

50 recommendation on the user television equipment.
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41. The system defined in claim 39 wherein

10 the interactive television program guide client is

further programmed to provide a user with an

opportunity to designate a preference level for a

plurality of preference attributes.

15

42. The system defined in claim 39 wherein

the program guide server is programmed to provide

software to the interactive television program guide
20 client according to the user preferences.

43. The system defined in claim 39 wherein

the program guide server is programmed to provide
25 Internet links to the interactive television program

guide client according to the user preferences.

44. A client-server interactive television
30

program guide system for scheduling reminders according

to user defined expressions, comprising:

user television equipment on which an

interactive television program guide client is

implemented, wherein the program guide client is

programmed to provide a user with an opportunity to

define an expression without requiring the user to

40 navigate the Internet;

a communications path over which the

expression is provided by the interactive television

program guide client to a program guide server, wherein

45 the program guide server is programmed to find programs

that satisfy the expression and schedule reminders for

programs that satisfy the expression.

50 45. The system defined in claim 44 wherein

scheduling with the program guide server reminders for

programs that satisfy the expression comprises
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providing at least one message from the program guide

10 server to the program guide client before each of the

programs that satisfy the expression begin.

46. The system defined in claim 44 wherein

15 the program guide server is further programmed to

provide program identifiers for each of the programs

that satisfy the expression to the interactive

television program guide client over the communications
20 path.

47. A client-server interactive television

program guide system for scheduling programs for
25 recording according to user defined expressions,

comprising:

user television equipment on which an

interactive television program guide client is30
implemented, wherein the interactive television program

guide client is programmed to provide a user with an

opportunity to define an expression without requiring

the user to navigate the Internet;

a communications path over which the

expression is provided by the interactive television

program guide client to a program guide server, wherein

40 the program guide server is programmed to find programs

that satisfy the expression and schedule the programs

that satisfy the expression for recording.

45 48. The system defined in claim 47 wherein:

the user television equipment comprises

a storage device; and

the program guide server is further

50 programmed to schedule the programs that satisfy the

expression for recording by the storage device.

55
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49. The system defined in claim 47 wherein

to the program guide server comprises a storage device on

which the programs that satisfy the expression are

stored.

15 50. A client-server interactive television

program guide system for parentally controlling

programs according to user defined expressions,

comprising:
20 user television equipment on which an

interactive television program guide client is

implemented, wherein the interactive television program

guide client is programmed to provide a user with an
25 opportunity to define an expression without requiring

the user to navigate the Internet;

a communications path over which the

interactive television program guide client provides
30

the expression to a program guide server, wherein the

program guide server is programmed to find programs

that satisfy the expression and lock programs that

35 satisfy the expression.

51. The system defined in claim 50 wherein

the program guide server is programmed to indicate to

40 the interactive television program guide client the

locked programs over the communications path; and

the interactive television program guide

client is further programmed to indicate to the user

45 the locked programs with the user television equipment.

52. A client-server interactive television

program guide system for tracking a user's viewing

50 history, comprising:

user television equipment on which an

interactive television program guide client is

55
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implemented, wherein the interactive television program

10 guide client is programmed to provide viewing history

information to a program guide server over a

communications path, wherein:

the program guide server is programmed

15 to find programs based on the viewing history

information and to indicate the programs to the

interactive television program guide client over the

communications path; and

20 the interactive television program guide

client is further programmed to indicate on the user

television equipment a subset of the programs wherein

the subset of the programs are programs that the user

25 has not watched.

53. The system defined in claim 52 wherein

the program guide server is further programmed to
30

calculate user demographic values based on the viewing

history information.

35 54. The system defined in claim 52 wherein:

the interactive television program guide

client is further programmed to provide user preference

information to the program guide server over the

40 communications path; and

the program guide server is further

programmed to obtain programs based on the user

preference information and to indicate the programs to

45 the interactive television program guide client.

55. The system defined in claim 54 wherein:

the program guide server is programmed

50 to target advertisements based on the user preference

information and to provide the advertisements to-the

55
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interactive television program guide client over the

10 communications path; and

the interactive television program guide

client is further programmed to display the

advertisements on the user television equipment.

15

56. The system defined in claim 54 wherein

the program guide server is further programmed to

collect program ratings information based on the
20 viewing history information.

25

30

35

40

45

50
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Description

A portion of the disclosure of this patent document contains material which is subject to copyright protection. Th
copyright owner has no objection to the facsimile reproduction by anyone of the patent document or the patent disclo-

5 sure, as it app ars in the Patent and Trademark Office patent file or records, but otherwise reserves all copyright rights
whatsoever.

FIELD OF THE INVENTION

10 The present invention relates to computer graphical display of motion video and, in particular, to a method and
apparatus for facilitating inclusion of motion video in multimedia computer displays.

BACKGROUND OF THE INVENTION

is Video servers, including networked video servers, transmit bit streams" to a video client. Such bit streams, which
are sometimes referred to as "streams,' generally represent video and/or audio signals which represent titles in a
library of multimedia sources. Examples of titles of such a library typically include recordings of motion pictures. In
general, a video server receives from a video client a request for a particular title and transmits a stream of the particular
title to the video client. An example of a video client is a set top box which is generally known and which decodes the

20 stream received from the video server and transmits the decoded signal to a connected television. The requesting of
a particular title, receiving the stream of the particular title, and decoding the stream for display on a television are
collectively and generally referred to as video on demand.

Examples of such video on demand servers are described in U.S. Patent Application Serial Number 08/572,639,
filed December 14, 1995 by Kallol Mandal and Steven Kleiman and entitled "Method and Apparatus for Delivering

25 Simultaneous Constant Bit Rate Compressed Video Streams at Arbitrary Bit Rates with Constrained Drift and Jitter"
(hereinafter the '639 Application) and in U.S. Patent Application Serial Number 08/572,648, filed December 14, 1995
by Kallol Mandal and Steven Kleiman and entitled "Method and Apparatus for Distributing Network Bandwidth on a
Video Server for Transmission of Bit Streams Across Multiple Network Interfaces Connected to a Single Internet Pro-
tocol (IP) Network" (hereinafter the'648 Application). Both the '639 Application and the '648 Application are incorporated

30 herein in their entirety by reference.
The popularity of the Internet global network is growing extremely rapidly, and perhaps the most popular protocol

of the Internet is the Hyper Text Transfer Protocol (HTTP) of the World Wide Web. According to the HTTP protocol of
the World Wide Web, documents, which are generally referred to as "pages," incorporate text, graphical images, sound,
and motion video which, when viewed, form a multimedia presentation to user. Such pages are typically viewed using

35 a World Wide Web browser, which is a computer process capable of retrieving HTTP pages and presenting the contents
of such pages to a user of a computer system through output devices such as a computer video display device and a
computer audio circuit coupled to one or more audio speakers. An example of a World Wide Web browser is the
Netscape browser available from Netscape Communications Corporation of Mountain View, California.

To displaymotion video, conventional browsers typically (i) transfer to the computer system in which the browser
40 executes an entire data file which includes data representing a title and (ii) subsequently initiate execution of a player

computer process which displays the title to the user on a computer display device. The player computer process is
separate from the browser and therefore displays the motion video of the title outside of the page displayed by the
browser. In addition, transferring the entire data file prior to displaying the motion videoof the title delays substantially
the display of the motion video since such data files are typically quite large, e.g., typically 1.8 gigabytes of data to

45 represent a two-hour, VHS-quality motion picture.
Currently, no browser is capable of seamlessly integrating motion video streams intoa page of the World Wide Web.

SUMMARY OF THE INVENTION

so In accordance with the prese'nt invention, a computer process which requests streams of motion video titles and
decodes and displays the motion video signals of the stream for display in a computer display device is constructed
in the form of an applet of a multimedia document viewer such as a World Wide Web browser. Accordingly, a designer
of multimedia documents such as HTML pages can easily incorporate motion video titles into such HTML pages by
specifying a few parameters of a desired title or a desired portion of a title to be requested from a video server. The

55 specification of the parameters is in the general form of a well-known parameter specification format dictated by the
particular interface of the computer instruction language in which the applet is written.

The applet builds bit stream control signals from the specification of the title or the portion of the title. The bit stream
control signals request transmission of the title or the portion of the title from a bit stream server such as a video server

2
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and ar in a form appropriate for processing by th bit stream server. The applet transmits the bit stream control signals
to the bit stream server to thereby request that th bit stream server initiate transmission of a bit stream r presenting
the requested title or the requested portion of th title.

The applet also builds decoder control signals from the specification of the title or the portion of the title. The
5 decoder control signals direct a bit stream decoder to receive the requested bit stream from the bit stream server and

to decode a motion video signal from the bit stream. Th applet transmits the decoder control signals to the decoder
to cause the decoder to receive the bit stream and to decode the motion video signal from the bit stream.

By using an applet of a multimedia document viewer to request and control receipt by a decoder of a motion video
bit stream and to control decoding of the motion video bit stream by the decoder, a designer of a multimedia document

10 can easily and conveniently include motion video images in multimedia documents. In addition, since the applet trans-
mits bit stream control signals to a video server, the motion video signals which can be incorporated into a multimedia
document are any such motion video signals stored in such a video server. Such video servers will likely include a
large number and wide variety of motion video signals, thereby providing a wealth of motion video content for inclusion
in multimedia documents.

is The present invention will now be further described, by way of example, with reference to the accompanying
drawings, in which:-

Figure 1 is a block diagram of a computer system which is connected to a video server through a network and
which includes a multimedia document viewer which in turn processes an applet to include motion video images in a
representation of a multimedia document in accordance with the presenting invention.

20 Figure 2 is a block diagram showing the multimedia document viewer, applet, and video server of Figure 1 in
greater detail.

Figure 3 is a block diagram of an applet tag of Figure 2 in greater detail.
Figure 4 is a block diagram of the applet of Figure 2 in greater detail.

25 DETAILED DESCRIPTION

In accordance with the present invention, a multimedia document 206 (Figure 2) includes an applet 214 which
causes a multimedia document viewer 202 to execute an applet 212. Execution of applet 212 requests transmission
of a bit stream of a particular title from a video server 250 and controls receipt and decoding of the bit stream by a

30 decoder 204. Decoder 204, in response to control signals received from applet 212, decodes the received bit stream
to produce a motion video image and displays the motion video image as an integral part of the representation of
multimedia document 206. To include a motion video image as an integral part of a multimedia document, a designer
of the multimedia document simply includes in the multimedia document an applet tag, e.g., applet tag 214, which
specifies (i) applet 212, (ii) video servoer 250 as the source of a bit stream, and (iii) the particular bit stream to request

35 from video server 250. A brief description of the operating environment of multimedia document viewer 202 and applet
212 facilitates appreciation ofthe present invention.

Figure 1 is a block diagram of a computer system 100 which is generally of the architecture of most computer
systems available today. Computer system 100 includes a processor 102 which fetches computer instructions from a
memory 104 through a bus 106 and executes those computer instructions. In executing computer instructions fetched

40 from memory 104, processor 102 can retrieve data from or write data to memory 104, display information on one or
more computer display devices 130, or receive command signals from one or more user-input devices 120. Processor
102 can be, for example, any of the SPARC processors available from Sun Microsystems, Inc. of Mountain View,
California. Memory 104 can include any type of computer memory including, without limitation, randomly accessible
memory (RAM), read-only memory (ROM), and storage devices which include magnetic and optical storage media

45 such as magnetic or optical disks. Computer 100 can be, for example, any of the SPARCstation workstation computer
systems available from Sun Microsystems, Inc. of Mountain View, California.

Sun, Sun Microsystems, the Sun Logo, Java and Hot Java are trademarks or registered trademarks of Sun Mi-
crosystems, Inc. in the United States and other countries. All SPARC trademarks are used under license and are
trademarks of SPARC International, Inc. in the United States and other countries. Products bearing SPARC trademarks

50 are based upon an architecture developed by Sun Microsystems, Inc.
Computer display devices 130 can include generally any computer display device such as a printer, a cathode ray

tube (CRT), light-emitting diode (LED) display, or a liquid crystal display (LCD). User input devices 120 can include
generally any user input device such as a keyboard, a keypad, an electronic mouse, a trackball, a digitizing tablet,
thumbwheels, a light-sensitive pen, a touch-sensitive pad, or voice-recognition circuitry.

55 Computer system 100 also includes network access circuitry 140 which is coupled to processor 102 and memory
104 through bus 106 and which is coupled to a network 150. In accordance with control signals received from processor
102 through bus 106, network access circuitry 140 coordinates transfer of data through network 150 between network
access circuitry 140 and similar network access circuitry (not shown) in computer 1OOB or other computer systems

3
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coupled to comput r syst m 100 through network 150. Th transfer of data through network 150 is conventional. Since
a video stream r pres nting a VHS-quality motion picture encoded in MPEG-1 format has a bit rat of approximately
1.5 Mbit/second to 2 Mbit/second, a useful minimum threshold is that network access circuitry 140 is capable of r -
ceiving data at a rate of at least 2 Mbit/second. Higher quality motion video images hav bit rates as high as 8 Mbit/

5 second or high r. Ther fore, in one mbodiment, network acc ss circuitry 140 is capable of receiving data at a rate of
at least 8 Mbitlsecond. Network access circuitry 140 can be generally any circuity which is used to transfer data
between a computer system and network such as computer system 100 and network 150 and can be, for example,
an Ethernet controller chip.

A number of computer processes execute in processor 102 from memory 104, including a multimedia document
10 viewer 202 and a decoder 204. Multimedia document viewer 202 is a computer process which reads a multimedia

document 206 and displays the multimedia information specified in multimedia document 206 in one or more of com-
puter display devices 130. In one embodiment, multimedia document 206 is a document in HTML format and multimedia
document viewer 202 is an HTML viewer such as the Netscape World Wide Web browser available from Netscape
Communications Corporation of Mountain View, California. Multimedia document viewer 202 and multimedia document

1s 206 are shown in greater detail in Figure 2.
Multimedia document viewer 202 retrieves data and tags from a multimedia document such as multimedia docu-

ment 206. A tag is data which is not itself substantive content of a multimedia document but instead provides format
information and can include specification of substantive content which is to be included in the multimedia document
and which is located in memory 104 outside of multimedia document 206. For example, a tag can specify a file stored

20 in memory 104 as containing a graphical image which is to be included as substantive content of multimedia document
206. The data and tags of multimedia document 206 collectively define the composition, including substantive content
and formatting, of multimedia document 206; and multimedia document viewer 202 displays such substantive content
in one or more of computer display devices 130 (Figure 1) in accordance with the data and tags of multimedia document
206. In one embodiment, multimedia document 206 is an HTML document, and the data and tags of multimedia doc-

25 ument 206 comport with the HTML language. Multimedia document 206 includes an applet tag 214 (Figure 2) which
specifies an applet 212 and a number of operational characteristics of applet 212 as described more completely below

Multimedia document viewer 202 includes an applet interpreter 210 which retrieves from applet 212 computer
instructions and translates such computer instructions into computer instructions of a form appropriate for execution
by processor 102 (Figure 1) and submits the translated computer instructions to processor 102 for execution. In one

30 embodiment, applet interpreter 210 (Figure 2) translates and submits for execution a single computer instruction of
applet 212 prior to translation and submission for execution of a subsequent computer instruction of applet 212. Applet
interpreter 210 can be, for example, the Java applet interpreter or the Hot Java World Wide Web browser available
from Sun Microsystems, Inc. and, in such an embodiment, applet 212 comports with the Java computer instruction
language interpreted by the Java applet interpreter. As described more completely below, applet 212 is a novel applet

35 which, when executed by processor 102 (Figure 1) through applet interpreter 210 (Figure 2), requests a title from a
video server 250 and causes the received bit stream representing the requested title to be decoded in a decoder 204
and displayed in a computer display device as an integral part of a multimedia display of multimedia document 206.

In executing the computer instructions of applet 212, applet interpreter 210 transmits, through network 150 (Figure
1), control signals to an applications programming interface (API) 252 (Figure 2) of a video server 250 which executes

40 within a computer system 160 (Figure 1). Illustrative examples of video server 250 of computer system 160 are de-
scribed in the '639 and '648 Applications. API 252 (Figure 2) of video server 250 implements a remote procedure calling
(RPC) protocol in which API 252 controls video server 250 in response to control signals received by API 252. For
example, in response to control signals which request a title and which are transmitted to API 252 by applet interpreter
210, API 252 causes a bit pump 254 of video server 250 to initiate transmission through network 150 (Figure 1) to

45 decoder 204 (Figure 2) of a bit stream representing the requested title. In addition, API 252 can transmit to applet
interpreter 210 status information regarding a title stored within video server 250 or regarding a bit stream transmitted
by bit pump 254 in response to control signals requesting such status information.

Decoder 204 is a computer process executing within processor 102 (Figure 1) from memory 104. Decoder 204
receives data representing a motion video display encoded in a particular format. In one embodiment, decoder 204 is

50 the MPEG Expert (MPX) decoder available from Applied Vision and decodes motion video signals according to the
MPEG-1 encoding format. Applet interpreter 210 transmits to decoder 204 control signals which control the decoding
by decoder 204 of the bit stream received from bit pump 254 of video server 250. Specifically, applet interpreter 210
transmits to decoder 204 control signals directing decoder 204 to start or stop decoding the bit stream received from
bit pump 254 or specifying characteristics of the bit stream received from bit pump 254 such as the bit rate, encoding

55 format, and the coordinates of a particular location within one or more of computer display devices 130 (Figure 1) in
which to display the decoded motion video images. In addition, applet 212 determines which communications port
through network access circuitry 140 (Figure 1) the bit stream is to be received and transmits to decoder 204 (Figure
2) control signals identifying the selected communications port. Applet 212 can therefore determine which communi-

4
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cations ports are used by other applications and can avoid conflicts resulting from access of decoder 204 of a com-
munications port by selecting a communications port which is not used by another computer process of comput r
system 100 (Figure 1).

Applet tag 214 is shown in greater detail in Figure 3. Applet tag 214 includes a number of fields which collectively
5 define a bit stream to be received and decoded for display by decoder 204 (Figure 2). A field is a collection of data

which collectively define a item of information. Applet tag 214 includes (i) an applet identifier field 302, (ii) a width field
304, (iii) a height field 306, (iv) a server identifier field 308, and (v) an encoding format field 310. Applet tag 214 can
also include any of the following optional fields: (vi) a title field 312, (vii) an image field 314, (viii) a play/pause field
316, (ix) a start field 318, and (x) a duration field 320.

10 Applet identifier field 302 specifies applet 212 as the applet to be retrieved and executed by applet interpreter 210.
Width field 304 and height field 306 specify the width and height, respectively, in display coordinate space of a computer
display device, i.e., specify the size of the viewport in which the decoded motion video image is displayed. Server
identifier field 308 specifies video server 250 (Figure 2) as the source of the desired bit stream. Encoding format field
310 (Figure 3) specifies the particular encoding format, e.g., MPEG1SYS encoding format, ofthe bit stream received

is by decoder 204 (Figure 2). Title field 312 (Figure 3) specifies the particular title to be retrieved from server 250 (Figure
2). Alternatively, title field 312 can specify the address of a multicast bit stream.

Image field 314 (Figure 3), if included, specifies a still video image to be displayed in the space specified by width
field 304 and height field 306 if the title specified by title field 312 is unavailable. Play/pause field 316, if included,
specifies whether the motion video image received from video server 250 (Figure 2) is initially in a play state or in a

20 paused state. Start field 318 (Figure 3), if included, specifies an offset into the title of a portion of the title, i.e., the point
within the title at which the bit stream should begin. For example, start field 318 can specify that the requested bit
stream begin at 3 minutes and 10 seconds into the title. Duration field 320, if included specifies the duration of a desired
portion of the title. For example, duration field 320 can specify that a 30-minute portion of the title is requested. In one
embodiment, start field 318 and duration field 320 are specified in terms of an integer number of nanoseconds.

25 Thus, by specifying the few fields described above and shown in Figure 3, a designer of multimedia document 206
can include as an integral part of multimedia document 206 a motion video image retrieved from video server 250. The
following is an illustrative example of applet tag 214 in HTML format.

<applet code="SunMediaCenterPlayer.class" width=704 height=520>
30 <param name=port value="1 973">

<param name=format value="MPEG 1 SYS>
<param name=host value=*sqas-6">
<param name=img value="/images/bkgx.gif">
</applet>

35

Applet 212 (Figure 2) includes computer instructions which, when executed, request a title from video server 250
and control decoding and display of the decoded motion video signals by decoder 204 and is shown in greater detail
in Figure 4. The computer instructions of applet 212 are organized into various levels, each of which defines a respective
component of the behavior of applet 212. Applet 212 includes a player level 402, an API level 404, a decoder level

40 406, and a detailed decoder level 408.

Player level 402 includes computer instructions which, when executed, implement a graphical user interface in
which a user can control the bit stream received by video server 250 (Figure 2) and the display of the decoded motion
video signals of the bit stream by physical manipulation of one or more of user input devices 120 (Figure 1). In one
embodiment, the computer instructions of player level 402 (Figure 4), when executed, cause graphical and/or textual

45 representation of control mechanisms to be displayed in one or more of computer display devices 130 (Figure 1). Such
control mechanisms are known and conventional and include, without limitation, virtual buttons, pull-down menus,
virtual radio buttons, virtual check boxes, and sliding scroll bars. In a conventional manner, a user activates one or
more of such control mechanisms by physical manipulation of one or more of user input devices 120 (Figure 1) and
such physical manipulation results in receipt by player level 402 (Figure 4) of applet 212 of signals and/or data repre-

so senting such activation.

API level 404 includes computer instructions which, when executed, implement the RPC protocol ol API 252 (Figure
2) of video server 250 and invoke RPC calls to API 252 to control the bit stream transmitted by bit pump 254 in ac-
cordance with interaction of a user with the graphical user interface implemented by player level 402 (Figure 4).

Decoder level 406 and detailed decoder level 408 collectively control operation of decoder 204 (Figure 2), generally
55 controlling the decoding of the bit stream received from video server 250 by decoder 204 and the display in a computer

display device of the decoded motion video image. Decoder level 406 includes computer instructions and data struc-
tures which are not specific to any particular decoder, while detailed decoder level 408 includes computer instructions
and data structures which are specific to decoder 204. It is generally preferred" that detailed decoder level 408 is as

5
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small and simple as possible such that the majority of computer instructions of decoder levels 406 and 408 ar included
in decoder level 406. Accordingly, adapting applet 212 (Figure 2) to operat in conjunction with a decoder oth r than
decoder 204 requir s modification of only detailed decoder level 408 and, therefor , as littl modification as possible.

App ndix A is a computer sourc code listing of a preferred embodiment of applet 212. Th modules of Appendix
s A ar written in the Java applet computer instruction language developed by Sun Microsystems, Inc. of Mountain View,

California. The computer instructions of the Java applet computer instruction language are object-oriented, and each
of the modules of Appendix A represents a respective class of objects. Player level 402 (Figure 4), in this embodiment,
includes classes SunMediaCenterPlayer, Player, and PositionSlider as defined in the computer source code listing of
Appendix A. API level 404, in this embodiment, includes classes MsmPlayer, MsmSession, MsmAccessRight, Msm-

10 Persistence, MsmPlaylist, MsmToString, Msmltem, MsmTitleltem, MsmDeadAirltem, MsmException, XdrBtock, and
PortMapper as defined in the computer source code listing of Appendix A Decoder level 406, in this embodiment,
includes classes Decoder and Decoderlmpl as defined in the computer source code listing of Appendix A Detailed
decoder level 408, in this embodiment, includes class MpxDecoderlmpl as defined in the computer source code listing
of Appendix A.

15 In the preferred embodiment of the present invention defined by Appendix A, a module *loop" includes computer
instructions of the C computer instruction language and defines a loop computer process which executes independently
of multimedia document viewer 202 (Figure 2). The loop computer process cooperates with multimedia document
viewer 202 and decoder 204 to request and receive from video server 250 bit streams representing multicast motion
video signals.

20 The above description is illustrative only and is not limiting. The present invention is therefore defined solely and
completely by the appended claims together with their full scope of equivalents.
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APPENDIX A

SunMediaCenterPlayer

/*

10 " @(#)SunMediaCenterPlayer.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
is * author Christopher Lindblad

*/

import java.applet.*;
20 import java.awt.*;

import java.net.*;
import java.io.*;

import COM.Sun.isg.smcjc.*;

25 public class SunMediaCenterPlayer extends Applet

private Player player;
private TextArea reporter;
private Thread thread;

30
public SunMediaCenterPlayer({
setLayout(new BorderLayout());
player = new Playero;
add("Center", player);

35 1

public synchronized void init()
if (reporter != null && reporter.getParent() this) I

remove(reporter);
40 reporter.setText("");

validate );

try
int port=getParameterInt("port",-l);

45 int vc=getParameterInt("vc",-1);
if (vc!=-l) {
player.init(
getParameterRequired("host"),

sgetParameterRequired("title"),

55
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getParameterLong("start", OL),
getParameterLong("duration", OL),
getParameterString ("loop",

5 "false") .equalsIgnoreCase ("true"),
getParameterString ("cmd", "play"),
getParameterImage("img", null),

V , ! It,
getParameterURL ("CC"),

10 getParameterRequired("interface"));
lelsef

if (port==-l){
player. init(
getParameterRequired("host"),
getParameterRequired ("title"),
getParmeterLong("start", OL),
getParameterLong("duration", OL),
getParameterString ( "loop",

20 "false") .equalsIgnoreCase ("true"),
getParameterString("cmd", ".play"),
getParameterImage("img", null),

port,
getParameterURL("CC"),null);

25 )else{
player. init(
getParameterRequired ("host"),
"none", OL, OL, false, "play",

30 getParameterImage("img", null),
port,

getParameterRequired("format"),
getParameterURL("CC"),null);

}
35 }

} catch (IOException e)
report(e, "parsing Sun MediaCenter player parameters");

40

public synchronized void start()
try player.start); catch (IOException e)

report(e, "starting a Sun MediaCenter player");

45

public synchronized void stop()
try player.stopo; catch (IOException e)

report(e, "stopping a Sun MediaCenter player");
so }
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private String getParameterRequired(String key) throws
IOException J

String val = getParameter(key);
5 if (val != null) return val;

throw new IOException("missing required parameter " + key);
)

private int getParameterIntRequired(String key) throws
10 IOException (

String val = getParameter(key);
if (val != null)

try return Integer.parseInt(val); catch
15 (NumberFormatException e)

throw new IOException(
' Parameter " + key + " is not a valid int: " +

val);

20 throw new IOException("missing required parameter " + key);

private URL getParameterURL(String key)
URL res=null;

25 String val = getParameter(key);
if (val == null) return null;

try res=new URL(val);
catch (MalformedURLException e) try res=new

30 URL(getDocumentBase(),val);
catch (MalformedURLException f)

System.out.println("MalformedURLException");
return res;

35

private String getParameterString(String key, String dflt)
String val = getParameter(key);
if (val == null) return dflt;
return val;

40

private int getParameterInt(String key, int dflt) throws
IOException (

45 String val = getParameter(key);
if (val == null) return dflt;
try return Integer.parseInt(val); catch

(NumberFormatException e)
throw new IOException(

so "parameter " + key + " is not a valid int: " + val);
}

55
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private long getParameterLong(String key, long dflt) throws
IOException (

String val = getParameter(key);
5 if (val == null) return dflt;

try return Long.parseLong(val); catch (NumberFormatException
e)

throw new IOException(
"parameter " + key + " is not a valid long: " + val);

10 1

private Image getParameterlmage(String key, Image dflt)
String val = getParameter(key);

if (val == null) return dflt;
return getImage(getDocumentBaseo, val);

private synchronized void report(Exception e, String doing)
20 ByteArrayOutputStream os = new ByteArrayOutputStreamo;

PrintStream ps = new PrintStream(os);
ps.print("An error occurred while ");
ps.print(doing);
ps.println(":");

25 e.printStackTrace(ps);
if (reporter == null) {

reporter = new TextArea("");
reporter.setEditable(false);

3
reporter. appendText (os. toString ();
if (reporter.getParent() != this) {

*add("North", reporter);
validate(;

40
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Payer

/*
@(#)Player.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

10 * version 1.lsc
" author Christopher Lindblad ( Msm API & Mpx API
* author Stephane CACHAT (Closed Caption & Multicasting)
*/

15

package COM.Sun.isg.smcjc;

import java.applet.*;
import java.awt.*;

20 import java.io.*;
import java.net.*;

public class Player extends Panel implements Runnable {
private long playDuration;

25 private long startOffset;
private long seekPosition;
private long tellPosition;
private double tellPositiond;
private MsmPlayer player;

30 private String host;
private String titleName;
private String msg;
private String format;

35 private Image img;
private Thread thread;
private Panel controlLine;
private Panel controlButtons;
private TextArea reporter;

40 private Decoder decoder;
private PositionSlider positionSlider;
private Button[] buttons;
private int cmd = 999;
private int initialCmd;

45 private int port;
private boolean loop;
private boolean Msm;
private URL CC;
private List CCt;

50
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private int CCz=O;
private String[) CCb=new String[1024];
private Double[] CCi=new Double[1024];

5 private int CCI=O;
private int CCo=0;
private int CCm=O;
private boolean playing = false;
private TextField CCs;

10 private String ATM;

public Player()
setLayout(new BorderLayout ));
decoder = new Decodero;

15 add("Center", decoder);

public synchronized void init(

20 String host, String titleName,long startoffset, long playDuration, boolean loop,
String cmd, Image img,int port,String format,URL CC,String

ATM)
throws IOException

URLConnection uc;
Double d;
String str;
int i=0;
int j=0;

30
this.port=port;
if ((port!=-1)&&(ATM==null)){

Msm=false;
)else(

35 Msm=true;
this.initialCmd = parseCmd(cmd);}

this.CC=CC;
this.ATM=ATM;

40 this.host = host;
this.titleName = titleName;
this.startOffset startOffset;
this.playDuration playDuration;
this.loop = loop;

45 this.img = img;
this.format = format;

if (CC!=null)(
CCt= new List(0;

50 CCt.minimumSize(6);
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CCt.preferredSize (6);
uc= CC.openConnectiono;
DatalnputStream in=new

DatalnputStream(uc.getInputStream();
str="-" ;

CCb(i]=new String("*");
CCifi]=new Double(O.0);
i++;

10 while (in.available(>O)
str=in. readLine ();
while

((str.trimo.length(==)&&(in.availableo)>O)) str=in.readLineo;
if (str!=null) {

i5 j=str.trimo.indexOf(' ');
- if (j>o)(

CCb[i]=new String(str.substring(j+l)).trimo;
CCt.addItem(CCb[i]);
if (CCb[i]==null) CCb[i]="*";

20 CCi[i]=new Double(str.substring(O,j).trim());
i++;

}

25 CCm=i-I;

in.close() ;

30 public synchronized void start() throws IOException
if (reporter != null && reporter.getParent() == this)

remove (reporter);
reporter.setText ("");

35 validate();
}
if (thread == null) I

cmd = initialCmd;
thread = new Thread(this);

40 thread, start ();
}

public synchronized void stop() throws IOException
4s if (thread null)

thread null;
notify();

50
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public synchronized boolean action(Event evt, Object arg)
if (buttons ! null && evt.target instanceof Button)

Button b = (Button)evt.target;
5 for (int i = 0; i < buttons.length; i++)

if (b == buttons[i]) cmd = i;
}
notify();

};
10 if (CC != null && evt.target ==CCt)

seekPosition = (long) (new
Double(CCi[CCt.getSelectedIndex)] .doubleValue() *10) .intValue())*
100000000;

cmd = SEEK;
is notify();

};

if (CC != null && evt.target==CCs)
if (CCl<CCm){
CCz=CCI+1;

20 }else(
CCz=0;

I;
while((CCz!=CCl)&&(CCb[CCz].indexOf(CCs.getText()<0)) I

25 CCz++;

if (CCz>CCm) CCz=0;
I
if (CCb[CCz] .indexOf(CCs.getTexto)>=0){

30 CCt.select(CCz);
CCt.makeVisible (CCz+l);

seekPosition = (long) (new
Double(CCi [CCt.getSelectedIndexo] .doubleValue() *10) .intValue()*)
100000000;

3s cmd = SEEK;
notify();

return true;
40 }

private void setConnect(MsmConnect connect) throws
IOException

try {
45 player.setConnect (connect);

} catch (MsmException e) I
/* Try it with destTiAddr in beta 0.5 syntax. */

System.out.println("DesTiAddr="+connect.destTiAddr);

50 InputStream is = new

55
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StringBufferInputStream(connect .destTiAddr);
StreamTokenizer st = new StreamTokenizer(is);
String host;
int udpport;

if(ATM==null) {
if (st.nextToken() == StreamTokenizer.TT WORD &&
st.sval.equals ("host") &&
st.nextToken() -- 1= &&

10 st.nextToken() StreamTokenizer.TTWORD &&
(host = st.sval) != null &&
st.nextToken() == ',' &&
st.nextToken() == StreamTokenizer.TTWORD &&
st.sval.equals ("udpport") &&

15 st.nextToken() .= &&
st.nextT.ken() == StreamTokenizer.TTNUMBER &&
(udpport = (int)st.nval) != 0) (
connect.destTiAddr = "beO, "+host+", "+udpport;
player.setConnect (connect);

20 ) else {
throw e;
}
}else{

25 throw e;

30 public synchronized void run()
Thread currentThread = Thread.currentThread);
MsmSession session = null;
MsmTitle title = null;

Msmltem[] items = null;
35 int speed=0;

if (Msm)
controlButtons = new Panel();

40 controlButtons.setLayout(new FlowLayout();
controlButtons.add(cmds[PAUSE], new

Button(labels(PAUSE] ));
controlLine = new Panel();
controlLine-setLayout(new BorderLayout());

45 controlLine.add("East", controlButtons);
positionSlider = new PositionSlider(this);
controlLine.add("Center", positionSlider);
add("South", controlLine);

50 if (CC!=null)[
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Panel CCp=new Panel();
CCp. setLayout (new BorderLayout ();
Panel CCq=new Panel();
CCq. setLayout (new BorderLayout 0);

CCs= new TextField(15);
CCs.isEditableo);

CCq.add("South", CCs);
10 Label l=new Label("Search");

CCq.add("Center", I);
CCp. add ( "East", CCq);
CCp. add ("Center", CCt);

controlLine add ("North", CCp);
15 }

try {
if (Msm){

items = new MsmItem[l];
20 session = new MsmSession(host);

title = session.getTitleStatus(titleName);
if (playDuration == OL) playDuration =

title. totalPlayDuration;
format=title. format;

decoder.init(format, img, host,port,ATM);
if (Msm){

titleInit (title);
30 player = new MsmPlayer(session, info(,

MsmPlayer.TIMEMAXTIME);
player. setPersistence (new MsmPersistence(
MsmPersistence. TYPE NONE,
MsmPlayer.TIME MAXTIME));

35 items[0] = new MsmTitleItem(
titleName, playDuration, startOffset, playDuration,
playDuration, false, true, title.maxBitRate);
player. setPlaylist (new MsmPlaylist(
MsmPlayer.TIMECURRENT, loop, 0,

40 MsmPlayer.TIME MAXTIME,
items, 0, 0));

setConnect (new MsmConnect(
decoder.destTiAddr ), decoder.encap (,

title.maxBitRate));
45 playing = false;

speed = MsmPlayer.SPEED FORWARD;
)else(
invalidate 0;
validate 0;

50
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)
while (currentThread == thread)
switch (cmd) {

5 case NOP: {
if (Msm) I

MsmPlayStatus status =
player.getPlayStatus();

if (tellPosition != status.currentPosition)
10 tellPosition = status.currentPosition;

positionSlider.repaint();
I

tellPositiond=(tellPosition/1000000000)+3.0;
is if (CC!=null){

- CCo=CCl;
while

((CCi[CCl+1].doubleValue(<tellPositiond)&&(CCl+l<CCm)) CCl++;
while

20 ((CCi[CCl].doubleValue(>tellPositiond)&&(CCl>0)) CCI--;
if (CCo!=CCl) [

CCt.select(CCl-1);
CCt.makeVisible(CCl);

25

player.setPersistence(new MsmPersistence(
MsmPersistence.TYPE NONE,
status.currentDate+60*1000000000L));

30
break;

case PAUSE:
decoder.pause();

35 if (Msm) player.pause(MsmPlayer.TIME CURRENT);
decoder.flusho);
playing = false;
decoder.play);
break;

40 }

case GOTO START: I
tellPosition = OL;
if (Msm) positionSlider.repaint(;
decoder.stopo);

4if (Msm) player.play(MsmPlayer.SPEED FORWARD,
OL,
OL,
MsmPlayer.TIMECURRENT);

decoder.flush(;
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break;
}
case GOTO END:

tellPosition = playDuration;
if (Msm) positionSlider.repaint();
decoder.stop();
if (Msm) player.play(MsmPlayer.SPEEDREVERSE,

10 playDuration,1o 0L,

MsmPlayer.TIMECURRENT);
decoder.flush();
break;

is }
case SEEK: {

tell2osition seekPosition;
if (Msm) positionSlider.repainto;
if (playing) (

20 decoder.flusho;
if (Msm) player.play(speed,

seekPosition,
MsmPlayer.TIME MAXTIME,

25 MsmPlayer.TIMECURRENT);
else {
long duration = SEEKDURATION;
long position = seekPosition-duration;
if (position < OL) {

30 duration += position;
position -= position;

I
decoder.playo;
decoder.flusho;

35 if (Msm) player.play(MsmPlayer.SPEEDFORWARD,
position,
duration,
MsmPlayer.TIMECURRENT);

40 }

break;
}
default: I

decoder.play(;
45 decoder.flush();

if (Msm){
speed = cmd;

player.play(speed,

so MsmPlayer.TIME CURRENT,
MsmPlayer. TIMEMAXTIME,
MsmPlayer. TIMECURRENT);

55
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playing = true;
if (CC!=null)

if (CCo!=CCl)
CCt.select(CCl-1);
CCt.makeVisible(CCl);

}
}

Io }
101

cmd = NOP;
try wait(lO0); catch (InterruptedException e);
I

I catch (Exception e) {
15 report(e, "communicating with a Sun MediaCenter

server");
} finally

try {

20 try decoder.stopo; catch (Exception e)
report(e, "stopping a video decoder");

if (Msm){
if (player != null) I

try player.deleteo; catch (Exception e)
25 report(e, "deleting a Sun MediaCenter

player");
player = null;

}

30 1 finally I
if (Msm)

if (session != null)
try session.close); catch (Exception e)
report(e, "closing a Sun MediaCenter

35 connection");
I

}
}

}
40

* Callback from the PositionSlider.
* Unsynchronized to avoid deadlock.
" @return value between 0 and 1 indicating where in the file

we are.

public double tell()
sif (playDuration == OL) return O.OD;

55
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return (double)tellPosition / (double)playDuration;}

" Callback from the PositionSlider.
* Seek to a relative position in a file.
* @param position Value between 0 and 1
* indicating where in the file to go.

10

public synchronized void seek(double position)
if (playDuration == 0) return;
seekPosition = (long) (position*playDuration);
cmd = SEEK;

is notifyo;

private String info() throws UnknownHostException (

20 String hostName =
InetAddress.getLocalHosto).getHostName();

String javaVersion = System.getProperty("java.version");
String javaVendor = System.getProperty("java.vendor");
String osArch = System.getProperty("os.arch");

25 String osName = System.getProperty("os.name");
String osVersion = System.getProperty("os.version");
return hostName

+ " Java " + javaVersion + " (" + javaVendor + "
+ " (" + osArch + " " + osName + " " + osVersion +

30

private void addButton(int i) {
buttonsfi] = new Button(labels[i]);

35 controlButtons.add(cmds[i], buttonsfi]);
}

* Initialize for a title.
40 * @param title The title to play.

*/
private void titleInit(MsmTitle title) throws IOException
controlButtons.removeAll(};

45 buttons = new Button[labels.length];
for (int i = MsmPlayer.SPEED SLOWEST FORWARD;

i <= MsmPlayer.SPEEDSCENEFORWARD;
i++) {

if (title.speedScale[i] != 0)
50 addButton(GOTOSTART);
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break;

s for (int i = MsmPlayer.SPEED SCENE REVERSE;
i <= MsmPlayer.SPEEDSLOWESTREVERSE;
i++) [

if (title.speedScale(iI != 0) addButton(i);

10 addButton(PAUSE);
for (int i = MsmPlayer.SPEED SLOWEST FORWARD;

i <= MsmPlayer.SPEEDSCENEFORWA RD;
i++) {

if (title.speedScale(i] != 0) addButton(i);

for (int i = 1smPlayer.SPEED SCENE REVERSE;
i <= MsmPlayer.SPEEDSLOWEST REVERSE;
i++) {

20 if (title.speedScale[i] ! 0) {
addButton(GOTOEND);
break;
}

}

25 /* recompute layout */
controlLine.invalidate();
invalidate 0;
validate();
/* resize if we need to */

30 Component c = getParent);
while (c.= null) f

if (c instanceof Applet)
Dimension ps = c.preferredSizeo;
Rectangle b = c.bounds(i;

35 if (ps.width != b.width II ps.height b.height)
// This wedges Netscape Navigator 2.0
// c.resize(ps.width, ps.height);

break;
40

45private void report(Exception e, String doing)
ByteArrayOutputStream os = new ByteArrayOutputStreamo;
PrintStream ps = new PrintStream(os);
ps.print("An error occurred while ");
ps.print(doing);

50 ps.println(":");
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e.printStackTrace(ps);
if (reporter == null)

reporter = new TextArea("");
reporter.setEditable(false);I

reporter.appendText(os.toString());
if (reporter.getParent() != this) I

add("North", reporter);
validate();

is private int parseCmd(String cmd) throws IOException {
for (int i = 0; i < cmds.length; i++) 

if (cmd..equalsIgnoreCase(cmds(i])) return i;
1

20 throw new IOException("Not a valid Player command: "+cmd);

private static final long SEEKDURATION = 4000000000L;

25 private
private
private
private
private

static
static
static
static
static

private staticit I <<<<,,,,
-1<<<<11,,

35 -<<<
"1 <<" ,
It < Ut ,

t I <I,

"I I <ft,

40

">1 I I ",

">1 I ",
ft>1",/

45 ,, >>,,,

"1>>>>of
"1>>>> J"

50 if" I i ",
s I <<<<I",
If>>>> I I"o,

final int PAUSE = 16;
final int GOTO START = 17;
final int GOTO END = 18;
final int SEEK = 19;
final int NOP = 20;

final String[] labels
// MsmPlayer.SPEED SCENE REVERSE

1/ MsmPlayer.SPEED FASTEST REVERSE
// MsmPlayer.SPEED FASTER REVERSE
1/ MsmPlayer.SPEED FAST REVERSE

// MsmPlayer.SPEED REVERSE -
/1 MsmPlayer.SPEED SLOW REVERSE
II MsmPlayer.SPEED-SLOWERREVERSE
// MsmPlayer.SPEED SLOWEST REVERSE
// MsmPlayer. SPEED -SLOWEST-FORWARD
// MsmPlayer.SPEED-SLOWER FORWARD
/1 MsmPlayer.SPEED-SLOWFORWARD

// MsmPlayer.SPEEDFORWARD
/1 MsmPlayer.SPEED FAST FORWARD
// MsmPlayer.SPEED FASTER FORWARD
14 MsmPlayer.SPEED FASTEST FORWARD

// MsmPlayer.SPEEDSCENEFORWARD
// PAUSE

// GOTO START
// GOTO-END
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// SEEK
// NOP

private static final
"scene reverse",
"fastest reverse",
"faster reverse",
"fast-reverse",
"reverse",
"slow reverse",
"slower reverse",
"slowest_reverse",
"slowest forward",
"slower forward",
"slow-forward",
"play",
"fast forward",
"faster forward",
"fastest forward",
"scene forward",
"pause", // P1
"goto_start",

"gotoend",
"seek",
"hop",

String[) cmds = I
// MsmPlayer.SPEEDSCENEREVERSE
// MsmPlayer.SPEED-FASTEST REVERSE
// MsmPlayer.SPEED-FASTER REVERSE

// MsmPlayer.SPEED FAST REVERSE
// MsmPlayer.SPEED REVERSE -

// MsmPlayer.SPEED SLOW REVERSE
// MsmPayer.SPEED SLOWER REVERSE
// MsmPlayer.SPEED-SLOWEST REVERSE
// MsmPlayer. SPEED-SLOWEST-FORWARD
// MsmPlayer.SPEED-SLOWER FORWARD

// MsmPlayer.SPEED SLOW FORWARD
// MsmPlayer.SPEED FORWARD -

// MsmPlayer.SPEED FAST FORWARD
// MsmPlayer.SPEED FASTERFORWARD

// MsmPlayer. SPEED FASTEST FORWARD
// MsmPlayer.SPEED SCENE FORWARD

kUSE
//
//

GOTO START
GOTO END
// SEEK

II NOP
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P sitionSlider

* @(#)PositionSlider.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

package COM.Sun.isg.smcjc;
is

import java.awt.*;
import java.io.*;

class PositionSlider extends Canvas f
20 private Player player;

private int hgap;
private int vgap;
private int wid;

25 public PositionSlider(Player player) {
this(player, 5, 5, 6);

)

public PositionSlider(Player player, int hgap, int vgap, int

30 wid) I
this.player = player;
this.hgap = hgap;
this.vgap = vgap;
this.wid = wid;

public void update(Graphics g)

paint(g);

40

public synchronized void paint(Graphics g)
Rectangle r boundso;
int position = (int) ((r.width-hgap*2)*player.tell())+hgap;

45 g.setColor(getBackground));
g.fillRect(O, 0, r.width, vgap*2);
g.fillRect(O, r.height-vgap*2, r.width, vgap*2);
g.fillRect(O, vgap*2, r.width-hgap*2, r.height-vgap*2);

50
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g.filiRect(r.width-hgap, vgap*2, r.width, r.height-vgap*2);
g.fill3DRect(hgap, vgap*2, r.width-hgap*2, r.height-vgap*4,

false);
5 g.fill3DRect(position-2, vgap, wid, r.height-vgap*2, true);

1

private synchronized void seek(int x)
Rectangle r = bounds 0;

10 double position,= ((double)(x-hgap)) /
((double) (r.width-hgap*2));

if (position < O.OD) position = O.OD;
if (position > 1.OD) position = l.OD;
player.seek(position);

15 }

public boolean mouseDown(Event e, int x, int y) {
seek(x);
return true;

20 }

public boolean mouseDrag(Event e, int x, int y) {
seek (x);
return true;

25
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MsmPlayer

./*

* @(#)MsmPlayer.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

version 1.0
10 * author Christopher Lindblad

./

package COM.Sun.isg.smcjc;
15

import java.io.*;

* Media Stream Manager Client API
20

' MSM allows for the creation of "players". A player is a
persistent entity
* that provides for the scheduled delivery of isochronous data

to a
25 * particular destination. To accomplish this task, a player

maintains a
* playlist of titles, the state of a "playhead" which traverses

this
* playlist, and an access list controlling who can perform

30 various functions
on the player.

* MSM, when supplied with titles that have been prepared for
presentation at

3s * multiple presentation rates, manages the position index
lookups and stream

switching necessary for "trick play".

* Associated with a player is a "playhead" that maintains a
40 destination for

* the isochronous data (possibly different than the controlling
client) and a
* "playPosition" which travels along the playlist at the

selected
45 * presentation rate and delivers isochronous data as scheduled

to the
* destination. The position, presentation rate, and
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presentation direction
* of the playhead can be controlled via playo, pauseo, and
resumeo. The

5 * initiation of play can be synchronized with "wall clock time"
via playo;
* presentation will then stay synchronized with wall-clock time

as long as
* presentation rate and direction are Normal-Rate,

10 Forward-Direction.

* Latency from invocation of the play() request until actual
start of stream
* may be reduced by "pre-rolling" with a play() request that has

zero
* duration. This may also be used to set a current playlist

position without
* actually starting play.

20 * MSM manages concurrent updates to a playlist by returning a
modification
* timestamp with playlist status. The modification timestamp

indicates the
* time of the last modification of the playlist. When a client

25 wishes to
* update a playlist, the client will first obtain status
containing a
* modification timestamp to understand the current state of the

playlist.
30 * Based on this status, the client then determines the

appropriate updates
* and passes those updates along with the modification timestamp

of the
* status on which the updates were based to msm. If msm finds

3s that the
* modification timestamp has not changed, implying that the

clients updates
* are based on currently valid playlist state, the playlist

40 update will
* succeed. -If the modification timestamp indicates that the

playlist has
* been modified since this client obtained status, the update

will-be
5 * rejected. In this case, the client should reobtain status,

reaccess the
* update, and then if appropriate resubmit the update with the

modification
* timestamp of the new status. There is a designated timestamp
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that forces
* playlist modifications, this may be used if some external

method of
* concurrency control is preferred.

* MsmPlaylist may be edit while play is in progress. Normally,
changes to the
* playlist will not take effect until the current item in play

10 completes. A
* playlist modification can be forced to take effect immediately

by calling
* resume(), resume() should be called with the speed argument

being the
is * current (or desired new speed) and the startPosition argument

being -

* TIME CURRENT. If the contents of the playlist at the current
position of
* the playhead have not been modified, this call will not

20 disturb the
* outgoing data stream.

MSM optionally maintains players persistently across server
outages. When

25 * this option is selected, a successful return from a player
request
* indicates that the player modifications have been made

persistently.
* Persistent players may optionally restart play on state

30 recovery, play may
* be restarted at the last played position or at the position

that the
* position that play would be add had no outage occurred.

35 * Access to read and modify players is controlled by access
control lists

* associated with the players. These may be modified by
* msmPlayerSetAccesso.

40 * Access rights are "Read", "Control", and "Admin". Read rights

all state to
* be seen. Control rights allow "trick-play" operations to be

controlled.
45 * Admin rights allow creation of players, and connection,

access, and
* persistence attributes of players to be set. Access rights

are associated
* with "agents" (eg users) appropriate for the authorization
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mechanism
* selected. The reserved agent name "*" represents ALL agents,

those
* granting a right to "*", grants the right to all agents.
*/

public class MsmPlayer
private MsmSession session;

10 private byte[] handle;

+ Creates a player. The player is initialized
non-persistent.

is * @param session A server session.
* @param info.Saved, but uninterpreted by server. May be

null.
* Used to describe the player for administrative purposes.

* @param terminateDate Date at which player should be
20 auto-deleted.

*~ If TIMEMAXTIME, the player will never be auto-deleted,
it must

* be deleted via delete.
* @exception IOException If an error has occurred.

25

public MsmPlayer(MsmSession session, String info, long
terminateDate)

throws IOException
this.session = session;

30 XdrBlock call = session.newCall(PLAYERCREATE);
call.xdroutString(info);
call.xdroutMsmTime(terminateDate);
XdrBlock reply = session.rpc(call);
handle = reply.xdrinBytes(HANDLELEN);
reply.done);

}

MsmPlayer(MsmSession session, XdrBlock xdr)

40 this.session = session;
handle = xdr.xdrinBytes(HANDLELEN);

void xdrout(XdrBlock xdr)
45 xdr.xdroutBytes(handle, HANDLELEN);

}

public MsmSession getSession() f
return session;
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I

public byte[] getHandle()
return handle;

}

* Opens an existing player.
10 * @param session A server session.

* @param handle An opaque handle to the player.
*/

public MsmPlayer(MsmSession session, byte[] handle)
this.session = session;

15 this.handle = handle;

/* *

* Deletes the player. In progress play of the player is
20 stopped.

* @exception IOException If an error has occurred.
*/

public void delete() throws IOException I
XdrBlock call = session.newCall(PLAYERDELETE);

25 this.xdrout(call);
session.rpc(call).done(;

)

/* *
30 * Modifies access control list for player.

* @param rights The access modifications.
* @exception IOException If an error has occurred.
*/

public void setAccess(MsmAccessRight[] rights) throws
5 IOException (

XdrBlock call = session.newCall(PLAYERSETACCESS);
this.xdrout(call);
call.xdroutInt(rights.length);

40 for (int i = 0; i < rights.length; i++)
rights[i].xdrout(call);

session.rpc(call).done);
}

45 /r
* Get access control list for player.
* @return The access modifications.
* @exception IOException If an error has occurred.
*/
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public MsmAccessRight[] getAccess() throws IOException {
XdrBlock call = session.newCall(PLAYERGETACCESS);
this.xdrout(call);
XdrBlock reply = session.rpc(call);
MsmAccessRight[] result = new

MsmAccessRight(reply.xdrinInt()];
for (int i = 0; i < result.length; i+){

result(i] = new MsmAccessRight(reply);
10 1

reply.done();
'return result;
I

15/*

* Sets persistence for player.
* @param prstp A MsmPersistence containing the persistence

to be set.
* @exception IOException If an error has occurred.

20

public void setPersistence(MsmPersistence prst) throws
IoException (

XdrBlock call = session.newCall(PLAYERSETPERSISTENCE);
this.xdrout(call);

25 prst.xdrout(call);
session.rpc(call).done);

}

/* *
30 * Get persistence information for player.

* @exception IOException If an error has occurred.
*/

public MsmPersistence getPersistence() throws IOException
XdrBlock call = session.newCall(PLAYERGETPERSISTENCE);

35 this.xdrout(call);
XdrBlock reply = session.rpc(call);
MsmPersistence result = new MsmPersistence(reply);
reply.done();
return result;

40

Replaces a portion of the playlist for this player. The
4 portion to be

* replaced and the new titles to inserted are indicated via
MsmPlaylist

* struct pointed to by playlistp.
" @param playlist A MsmPlaylist that indicates the period on
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the playlist
* to be (re)scheduled and the new titles to place within

that period.
5* @exception IOException If an error has occurred.

*/
public void setPlaylist(MsmPlaylist playlist) throws

IOException {
XdrBlock call = session.newCall(PLAYERSETPLAYLIST);

10 this.xdrout(call);
playlist.xdrout(call);
session.rpc(call).done(;

}

15 /

* Obtains a.portion of the playlist for this player.
* @param startPosition The position within the playlist at

which to start
* returning status.

20 * @param playlistDuration The number of milliseseconds of
the playlist for

* which to return status.
* @exception IOException If an error has occurred.
*/

2s public MsmPlaylist getPlaylist(long startPosition, long
playlistDuration)

throws IOException {
XdrBlock call = session.newCall(PLAYERGETPLAYLIST);
this.xdrout(call);

30 call.xdroutMsmTime(startPosition);
call.xdroutMsmTime(playlistDuration);
XdrBlock reply = session.rpc(call);
MsmPlaylist result = new MsmPlaylist(reply);
reply.done(;

35 return result;

40 * Obtains the playlist for this player.
* @exception IOException If an error has occurred.
*/

public MsmPlaylist getPlaylist() throws IOException
return getPlaylist(TIME_ZERO, TIMEMAXTIME);

451

/* *
* MsmConnects a player to the specified destination address.
* An error is return if play is in progress at the time of a
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setConnect().
* @param connect A MsmConnect instance containing a

transport-independent
* address string for the destination of Media Server data

controlled
* by this player. A connectp of NULL disconnects the

player from the
* current destination.

10 * @exception IOException If an error has occurred.*/
public void setConnect(MsmConnect connect) throws IOException

XdrBlock call = session.newCall(PLAYERSETCONNECT);
'S this.xdrout(call);

connect.xdrout.(call);
session.rpc(call).done();

}

20
* Get current connection for player.
* @exception IOException If an error has occurred.
*/

public MsmConnect getConnect() throws IOException
25 XdrBlock call = session.newCall(PLAYERGETCONNECT);

this.xdrout(call);
XdrBlock reply = session.rpc(call);
MsmConnect result = new MsmConnect(reply);
reply.done );

30 return result;

* Schedules play to commence at startDate. Play
35 * will begin at playlist startPosition and continue for

playDuration NPT
* seconds or until paused. An error is returned if the

player is not
* connected.

40 Only one play() command can be pending, a second play()
overrides any

* pending play().
* @param speed The speed at which to play.
* @param startPosition The position within the playlist at

which to begin
* play. TIME CURRENT means the current play position.
* @param playDuration The duration of play.
* TIME MAXTIME indicates "forever".
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* @param startDate The wall-clock time of day at which to
begin play.

* A value of TIME CURRENT means start play immediately.
5 @exception IOException If an error has occurred.*/

public void play(
int speed, long startPosition, long playDuration, long

startDate)
10 throws IOException

XdrBlock call = session.newCall(PLAYERPLAY);
this.xdrout(call);
call.xdroutInt(speed);
call.xdroutMsmTime(startPosition);

15 call.xdroutMsmTime(playDuration);
call.xdroj.MsmTime(startDate);
session.rpc (call) .done();

20
* Pauses play on the player.
* Only one pauseo) command can be pending, a second pause()
" overrides any pending pauseo.
* @param pausePosition The position within the playlist at

25 which to pause
* playing. If current play position is later than

pausePosition
* (taking into account the direction of play), play pauses

immediately.
30 * A value of TIME CURRENT means stop immediately.

* @return The time at which play actually paused.
* @exception IOException If an error has occurred.
*/

public long pause(long pausePosition) throws Exception
3XdrBlock call = session.newCall(PLAYERPAUSE);
this.xdrout(call);
call.xdroutMsmTime(pausePosition);
XdrBlock reply = session.rpc(call);

40 long result = reply.xdrinMsmTimeo;
reply.done;()
return result;}

45
* Resumes playing. Play will continue until paused
" or the end of the playlist (looped playlists play

forever).
* @param speed The speed at which to resume play.
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* @param startPosition The position within the playlist at
which to

* resume play. TIMECURRENT means the current play
5 position.

* @exception IOException If an error has occurred.

public void resume(int speed, long startPosition) throws
IOException {

10 XdrBlock call = session.newCall(PLAYERRESUME);
this.xdrout(call);
call.xdroutInt(speed);
call.xdroutMsmTime(startPosition);
session.rpc(call).done();

15 }

/**

* Get play state for a player.
* @return A MsmPlayStatus instance.

20 * @exception IOException If an error has occurred.
*/

public MsmPlayStatus getPlayStatus() throws IOException
XdrBlock call = session.newCall(PLAYER GETPLAYSTATUS);
this.xdrout (call);

25 XdrBlock reply = session.rpc(call);
MsmPlayStatus result = new MsmPlayStatus(reply);
reply.done();
return result;

30

public String toString()
return MsmToString.playerToString(this);

}

35 private static final int HANDLELEN = 12;

public static final long TIME BADTIME = -lL;
public static final long TIME CURRENT = -2L;

40 public static final long TIME ZERO C IL;
public static final long TIME MAXTIME = 2147483647999999999L;
public static final long TIME-MINTIME = 1L;

public static final int SPEED SCENE REVERSE = 0;
45 public static final mnt SPEED FASTEST_ -REVERSE =1;

public static final int SPEED FASTER REVERSE = 2;
public static final int SPEED-FAST REVERSE = 3;
public static final int SPEED-REVERSE = 4;
public static final int SPEED-SLOWREVERSE = 5;
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public static final int SPEED SLOWER REVERSE = 6;
public static final int SPEED-SLOWEST REVERSE = 7;
public static final int SPEED SLOWEST FORWARD = 8;
public static final int SPEED-SLOWER FORWARD = 9;
public static final int SPEED-SLOW FORWARD = 10;
public static final int SPEED-FORWARD = 11;
public static final int SPEED FAST FORWARD = 12;

10 public static final int SPEED-FASTER FORWARD 13;
public static final int SPEED FASTEST FORWARD = 14;
public static final int SPEED-SCENEFORWARD = 15;

private static final int PROG = 0x206d736d;
private static final int VERS = 1;

Private static .final int SERVERAUTHTYPE = 1;
private static final int PLAYER CREATE = 2;

20 private static final int PLAYER-DELETE = 3;
private static final int PLAYER-LIST = 4;
private static final int PLAYER SETACCESS = 5;
private static final int PLAYER-GETACCESS = 6;
private static final int PLAYER SETPERSISTENCE = 7;

25 private static final int PLAYER GETPERSISTENCE = 8;
private static final int PLAYER-SETPLAYLIST = 9;
private static final int PLAYER GETPLAYLIST = 10;
private static final int PLAYER-SETCONNECT = 11;
private static final int PLAYER GETCONNECT = 12;

30 private static final int PLAYER PLAY = 13;
private static final int PLAYER-PAUSE = 14;
private static final int PLAYERRESUME = 15;
private static final int PLAYER GETPLAYSTATUS = 16;

35 private static final int TITLE_GETSTATUS = 17;
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MsmSession

5 /*
* @($)MsmSession.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

10 * version 1.0
* author Christopher Lindblad
*/

15 package COM.Sun.isg.smcjc;

import java.io.*;
import java.net.*;

20 import java.util.*;
/ **

* Media Stream Manager Client API

25 * The Media Stream Manager (msm) API provides an RPC interface
for managing

the scheduling and play of isochronous media streams.

public class MsmSession {
30 private String serverHostName;

private Socket socket;
private InputStream is;
private OutputStream os;
private int prog;

35private int vers;

* Create a RPC session for the named server.
40* @param serverHostName The host name of a MSM server.

* @exception IOException If an error has occurred.*/
public MsmSession(String serverHostName) throws IOException {
this.serverHostName = serverHostName;

45 socket = new Socket(serverHostName, pmapGetPort();
is = new BufferedInputStream(socket.getInputStream());
os = new BufferedOutputStream(socket.getOutputStream());

}

s0 private int pmapGetPort() throws IOException {
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PortMapper pmap = null;
try [

pmap = new PortMapper(serverHostName);
int port;
prog = 100236;
vers = 1;
port = pmap.getPort(prog, vers, PortMapper.IPPROTOTCP);

10 if (port != 0) return port;
prog = 0x206d736d;
vers = 1;
port = pmap.getPort(prog, vers, PortMapper.IPPROTOTCP);
if (port != 0) return port;

1s } finally {
if (pmap != null) pmap.close();

throw new MsmException("no msm server on "+serverHostName);

20

* Closes a session with an MSM server.

" @exception MsmException If an error has occurred.*/
25 public void close() throws IOException {

socket.closeo;

30 * All players on this server.
" @return an array of all players.
* @exception IOException If an error has occurred.
*/

35 public MsmPlayer(] players() throws IOException
XdrBlock reply = rpc(newCall(PLAYERLIST));
MsmPlayer[] result = new MsmPlayer[reply.xdrinInto(];
for (int i = 0; i < result.length; i++) {

result(i] = new MsmPlayer(this, reply);
40 )

reply.done();
return result;

I

45 4

* Obtains status about titles.
* @param titleName The name of the title on which to obtain

status.
* @return the status of the title.

so * @exception IOException If an error has occurred.
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*/
public MsmTitle getTitleStatus(String titleName) throws

IOException {
XdrBlock call = newCall(TITLEGETSTATUS);
call.xdroutString(titleName);
XdrBlock reply = rpc(call);

MsmTitle result = new MsmTitle(reply);
10 reply.doneo;

return result;

is* Returns the server host name.
*/

public String getServerHostName()
return serverHostName;
I

20

XdrBlock newCall(int proc) {
return new XdrBlock(prog, vers, proc);

}

25 synchronized XdrBlock rpc(XdrBlock call) throws IOException
call.send(os);
XdrBlock reply = new XdrBlock(is);
try {

reply.xdrinReplyHeader(call.callXid());
30 } catch (IOException e) (

throw new MsmException(call.callProc), e.getMessage();

int err = reply.xdrinInt);
35 if (err != 0) throw new MsmException(call.callProc(, err);

return reply;

public String toString()
40 return MsmToString.sessionToString(this);

I

private static final int SERVER AUTHTYPE = 1;
private static final int PLAYER CREATE = 2;

45 private static final int PLAYER DELETE = 3;
private static final int PLAYER LIST = 4;
private static final int PLAYERSETACCESS = 5;
private static final int PLAYER GETACCESS 6;
private static final int PLAYER SETPERSISTENCE = 7;
private static final int PLAYER-GETPERSISTENCE = 8;
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private static final int PLAYER SETPLAYLIST = 9;
private static final int PLAYER -GETPLAYLIST = 10;
private static final int PLAYER SETCONNECT = 11;
private static final int PLAYER GETCONNECT = 12;
private static final int PLAYER- PLAY = 13;
private static final int PLAYER PAUSE = 14;
private static final int PLAYER-RESUME = 15;

10 private static final int PLAYER GETPLAYSTATUS = 16;
private static final int TITLEGETSTATUS = 17;

15
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MsmAccessRieht

/*d

* @(#)MsmAccessRight.java
*

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

package COM.Sun.isg.smcjc;
15

/ ** -

* Access types, operations on access lists, and rights and
* lists of access rights.
* Access types (read, admin, control) are the access catagories

20 * defined by the MSM server (see MSM doc for each request to
* determine the access catagory of that request). Access op's
* are the operations that can be made to alter access rights of
* a particular user. An access right is the pairing of access

2s * catagories with a particular user. An access list is a
collection

* of access rights for multiple users.
*/

public class MsmAccessRight
30 public String name;

public int access;
public int op;

public MsmAccessRight(String name, int access, int op)
35 this.name = name;

this.access = access;
this.op = op;

}

40 MsmAccessRight(XdrBlock xdr)
name = xdr.xdrinString(;
access = xdr.xdrinInto;
op = xdr.xdrinInt);

45

void xdrout(XdrBlock xdr) I
xdr.xdroutString(name);
xdr.xdroutInt(access);
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xdr.xdroutInt (op);
}

5 public String toString()
return MsmToString.accessRightToString(this);

i

public static final int ACCESS NONE = 0;
10 public static final int ACCESS-ADMIN = 1;

public static final int ACCESS-READ = 2;
public static final int ACCESS-CONTROL 4;
public static final int ACCESS ALL = 7;

15 public static final int OP ADD = 0;
public static final int OP REMOVE = 1;

20
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MsmPersistence

/*

* @(#)MsmPersistence.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

10 * version 1.0
* author Christopher Lindblad
*/

15 package COM.Sun.isg.smcjc;

+ MsmPersistence information
*/

20 public class MsmPersistence {

* Indicates the date at which the player should be
* automatically deleted. On terminateDate, play if in

25 progress, will
* be stopped and the player deleted. A terminateDate of

MSMTIME MAXTIME
* indicates the player should never be automatically

deleted.
30

public long terminateDate;

public int type;

35 public MsmPersistence(int type, long terminateDate)
this.type = type;
this.terminateDate = terminateDate;}

40 MsmPersistence(XdrBlock xdr) {
type = xdr.xdrinInto;
terminateDate = xdr.xdrinMsmTime();

I
45

void xdrout(XdrBlock xdr)
xdr.xdroutInt(type);
xdr.xdroutMsmTime(terminateDate);

}
50
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public String toString()
return MsmToString.persistenceToString(this);

}

* No persistence across server outage.
*/

public static final int TYPENONE = 0;
10

* Only public static state is preserved, play not is not
restarted.

*/
public static final int TYPEPLAYLIST = 1;

15

* Play is restarted after outage at last known playPosition.
*/

public static final int TYPEPLAYPOSITION = 2;
20 /

* Play is restarted after outage as appropriate for current
date.

*/
public static final int TYPE PLAYCURDATE = 3;

25 }

30
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MsmPlay1ist

/*

@(#)MsmPlaylist.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

version 1.0
10 author Christopher Lindblad

*/

package COM.Sun.isg.smcjc;
15

* MsmPlaylist positions are measured in seconds and nanoseconds,

titles on a
* playlist may be scheduled to start at any non-negative

20 position. (In some
* cases it may be convenient to base playlists positions at 0;

in other
* cases it may be better to base them with the OS representation

of
25 * time-of-day.) The playlist maintains a contiguous sequence of

titles and
* "dead air". A schedule may be edited by replacing any

contiguous

30 * sub-sequence of the schedule with another sequence. It is
also possible
* to change the starting position of the scheduled list of

titles. Because
* of mfs "admission delays", title start times may slip; msm

35 optionally
* allows a title to be padded with dead air that can absorb the

slip, or on
* a slip the same title or a later title can be marked to be

truncated or a
40 * later title may be "joined-in-progress" to absorb the slip and

maintain
* schedule correspondence with clock time.
*/

public class MsmPlaylist {
45

* On Get, the current modification status stamp. On Put,
modstamp on

which mods are based, if modification status has changed.
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Mods are
* aborted unless modstamp == MsmPlayer.TIME_CURRENT, in

which case mods
5 * are always done.

./
public long modstamp;

10 * On Get, the starting playlist position for the returned
playlist items

* on Put, the playlist position where items are to be
replaced.

*/
public long editStartPosition;

* On Get, the total duration of the items returned. On Put,

20 the duration
* of the existing playlist that is to be replaced with new

items.

* NOTE: On Put, edit range specified by editStartPosition
25 for length

* editDuration must lie entirely within existing playlist.
Use

* MsmPlayer.getPlaylist() to get listStartPosition and
listDuration to

30 * determine playlist bounds.*/
public long editDuration;

35 On Get, the startPosition for the entire playlist. On
Put, the new

* startPosition for the playlist after edits.

40 public long listStartPosition;
/* *

* On Get, the duration of the entire list. On Put, ignored.
*/

45 public long listDuration;

public MsmItem[] items;

1* *
50 * On Get, the current loop state of the playlist. On Put,
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if TRUE, the
* playlist wraps from end->start, start-end.
*/

public boolean isLoop;

public MsmPlaylist(long modstamp, boolean isLoop, long
editStartPosition,

long editDuration, MsmItem(] items,
long listStartPosition, long listDuration)

this.modstamp = modstamp;
this.isLoop = isLoop;
this.editStartPosition = editStartPosition;
this.editDuration = editDuration;
this.items = items;
this.listStartyosition = listStartPosition;
this.listDuration= listDuration;

MsmPlaylist(XdrBlock xdr) I
modstamp = xdr.xdrinMsmTimeo;
isLoop = xdr.xdrinBooleano;
editStartPosition = xdr.xdrinMsmTime();
editDuration = xdr.xdrinMsmTime(;
items = new MsmItem[xdr-xdrinInt()];
for (int i = 0; i < items.length; i++)

int itemType = xdr.xdrinInt(;
switch (itemType)
case TITLE:
items(i] = new MsmTitleltem(xdr);
break;
case DEADAIR:
items[i] = new MsmDeadAirItem(xdr);
break;

listStartPosition = xdr.xdrinMsmTimeo;
listDuration = xdr.xdrinMsmTime(;

void xdrout(XdrBlock xdr)
xdr.xdroutMsmTime(modstamp);
xdr.xdroutBoolean(isLoop);
xdr.xdroutMsmTime(editStartPosition);
xdr.xdroutMsmTime(editDuration);
xdr.xdroutInt(items.length);
for (nt i = 0; i < items.length; i++)

if (items(i] instanceof MsmTitleltem)
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xdr.xdroutInt(TITLE);
((MsmTitleItem)items[i]).xdrout(xdr);

} else {
xdr.xdroutInt (DEADAIR);
((MsmDeadAirItem) items [i) .xdrout (xdr);I

I
xdr.xdroutMsmTime(listStartPosition);

10 xdr.xdroutMsmTime(listDuration);
}

public String toString()
is return MsmToString.playlistToString(this);

i

private static final int TITLE = 0;
private static final int DEADAIR = 1;
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MsmConnet

/*5 @ (#)MsmConnect-java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

version 1.0
10 * author Christopher Lindblad

*/

package COM.Sun.isg.smcjc;
15

* Connection paramaters.
* These parameters are passed directly to mfsstropen().
'*/

20

public class MsmConnect

* The transport independent address.
25 public String destTiAddr;

* The packet encapsulation specifier (eg. MPEG Transport,

30 DSS, etc).,/
public String encap;

35* The bits/second network bandwidth to request.
*/

public int rate;

public MsmConnect (String destTiAddr, String encap, int rate)
40

this.destTiAddr = destTiAddr;
this.encap encap;
this.rate = rate;

4S

MsmConnect(XdrBlock xdr)
destTiAddr = xdr.xdrinString(;
encap = xdr.xdrinStringo;
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rate = xdr.xdrinInto;

void xdrout(XdrBlock xdr)
xdr.xdroutString(destTiAddr);
xdr.xdroutString(encap);
xdr.xdroutInt(rate);

10
public String toString()
return MsmToString.connectToString(this);
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MsmPlayStatus

/*
s * @(#)MsmPlayStatus.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

is package COM.Sun.isg.smcjc;

* MsmPlayStatus indicates the current state of the player.
* STATE WAIT indicates that a play command has been given, but

20 * that startDate has not arrived.*/
public class MsmPlayStatus

public long pausePosition;
public long currentDate;

25 public long currentPosition;
public String info;
public int currentState;
public int currentSpeed;

30 public boolean pausePending;

MsmPlayStatus(XdrBlock xdr)
info = xdr.xdrinString(;
pausePending = xdr.xdrinBoolean);

35 pausePosition = xdr.xdrinMsmTime();
currentState = xdr.xdrinInt(;
currentSpeed = xdr.xdrinInt(;
currentDate = xdr.xdrinMsmTimeo;
currentPosition = xdr.xdrinMsmTime(;

40 }

public String toString() {

return MsmToString.playStatusToString(this);

45

public static final int STATE STOP = 0;
public static final int STATE WAIT = 1;
public static final int STATE-PLAY = 2;
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MsmToStrin

/*

* @(#)MsmToString.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

15 package COM.Sun.isg.smcjc;

import java.util.*,;

class MsmToString {
20 static String sessionToString(MsmSession se) {

return "MsmSession"
+ "(serverHostName=" + se.getServerHostName()
+ "]";

}
25

static String playerToString(MsmPlayer pl)
byte[] h = pl.getHandleo;
StringBuffer sb = new StringBuffer(h.length*2);

30 for (nt i = 0; i < h.length; i++)
byte b = hi];
sb.append(Character.forDigit((b >> 4) & Oxf, 16));
sb.append(Character.forDigit( b & Oxf, 16));

35 return "MsmPlayer"
+ "(serverHostName=" +

pl. getSession () .getServerHostName ()
+ " handle=" + sb.toString()
+ ,],;

40 }

private static final String() rights =
|"admin", "read", "control");

45 private static final String[] ops = ("add","remove"};

static String accessRightToString(MsmAccessRight ar)
StringBuffer sb = new StringBuffer(;

50 for (int i = 0; i < rights.length; i++)
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if ((ar.access & (1 << i)) != 0) {
if (sb.length() > 0) sb.append("I");
sb.append(rights[i]);5}

if (sb.length() == 0) sb.append("none");
String op;

10 if (ar.op >= 0 && ar.op < ops.length) op = ops[ar.op];
else op = String.value0f(ar.op);
return "MsmAccessRight"

+ "[name=" + ar.name
+ to access=" + sb.toString()

15 + " op = '' + Op

+ "] " ;
I Q

static String connectToString(MsmConnect co)
20 return "MsmConnect"

+ "(destTiAddr=\"" + co.destTiAddr +"\""

+ " encap=\"" + co.encap +"\""
+ " rate=" + co.rate

25 + "";
I

static String deadAirItemToString(MsmDeadAirItem dai) f
return "MsmDeadAirItem"

30 + "(itemDuration=" + dai.itemDuration
+ " joinInDuration=" + dai.joinInDuration

+ "1) of;

private static final String[] types =
"none","playlist", "playposition", "playcurdate" };

static String persistenceToString(MsmPersistence pe)
40 String type;

if (pe.type >= 0 && pe.type < types.length) type =
types[pe.type];

else type = String.value0f(pe.type);
return "MsmPersistence"

45 + " (type=" + type
+ It

terminateDate=\" "+dateToString (pe. terminateDate) +"\""
+ 50

so}

static String dateToString(long date) {
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if (date =' MsmPlayer.TIME MAXTIME) return "never";
else return new Date(date/T00000L).toStringo;

5]

private static final String[] states =
{"stop", "wait", "play");

private static final String[] speeds =
10 "scenereverse","fastestreverse","fasterreverse","fastrev

erse",
"reverse", "slow reverse","slower reverse","slowest reverse",
"slowest forward", "slower forward", "slow forward", "forward",
"fast forward","faster forward","fastest-forward","scene for

ward");

static String playStatusToString(MsmPlayStatus ps) I
String state;

20 if (ps.currentState >= 0 && ps.currentState < states.length)

state = statesfps.currentState];
I else state = String.valueOf(ps.currentState);
String speed;

25 if (ps.currentSpeed >= 0 && ps.currentSpeed < speeds.length)

speed = speeds[ps.currentSpeed];
} else speed = String.valueof(ps.currentSpeed);
return "MsmPlayStatus"

30 + "[info=\" ' + ps.info +"\""
+ " pausePending=" + ps.pausePending
+ " pausePosition=" + ps.pausePosition
+ " currentState=" + state
+ " currentSpeed=" + speed

35 + - currentDate=\"" + dateToString(ps.currentDate) +

+ " currentPosition=" + ps.currentPosition
+ Is

40

static String playlistToString(MsmPlaylist pl) {
StringBuffer sb = new StringBuffer(;
if (pl.items != null) (

for (int i = 0; i < pl.items.length; i++) (
45 if (i != 0) sb.append(.,") ;

sb.append(pl.items[i] .toString();

50 return "MsmPlaylist"
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+ "[(modstamp=\"" + dateToString(pl.modstamp) + "\h..

+ " isLoop=" + pl.isLoop
+ " editStartPosition=" + pl.editStartPosition

5 + editDuration=" + pl.editDuration
+ " items=[" + sb.toString() + "]"
+ " listStartPosition=" + pl.listStartPosition
+ " listDuration=" + pl.listDuration
+ ,,] ,,;

10

static String titleToString(MsmTitle ti) I
StringBuffer sb = new StringBuffero;
if (ti.speedScale != null) {

is for (int i = 0; i < ti.speedScale.length; i++)
if (i !.=,) sb.append(",");
sb.append(ti.speedScale[i]);I

}
20 return "MsmTitle"

+ "fname=\." + ti.name + "\..

+ " speedScale=[" + sb.toString() + "]"

+ " maxBitRate=" + ti.maxBitRate
+ " totalPlayDuration=" + ti.totalPlayDuration

25 + " format=\." + ti.format + "\"...

+ "]";

static String titleItemToString(MsmTitleItem ti) {
return "MsmTitleItem"

+ "[titleName=\" + ti.titleName + 'I"..

+ " itemDuration=" + ti.itemDuration
+ " startOffset=" + ti.startOffset

3+ " playDuration=" + ti.playDuration
+ " joinInDuration=" + ti.joinInDuration

+ " isTimeLocked=" + ti.isTimeLocked
+ " playClosestSpeed=" + ti.playClosestSpeed

+ " maxBitRate=" + ti.maxBitRate

40 + ];

45

50

55

55

DISH, Exh. 1008, p. 508

Petitioner Microsoft Corporation - Ex. 1008, p. 1669



EP 0 803 826 A2

Msmltem

/** @ M#)MsmI tem.jiava

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

10 * version 1.0
* author Christopher Lindblad
*/

is package COM.Sun.isg.smcjc;

public abstract class Msmltem/* *
* The number of milliseconds allocated to this item.

20

public long itemDuration;

* Time of initial play that may be sacrificed to absorb
previous schedule

* slips. Silently limited to itemDuration. If
TIMECURRENT,

* itemDuration is used.
30

public long joinInDuration;}
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MsmTitleltem

/*
5 @(#)MsmTitleItem.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

15 package COM.Sun.isg.smcjc;

/* -

* A playlist title item.
*/

20 public class MsmTitleltem extends MsmItem

* The number of milliseconds into title where play should
begin. It is

* illegal for this to be greater than the total play time of
25 the title.*/

public long startOffset;

/* *
30 * The number of milliseconds of title to play within this

item.
* Values less than itemDuration allow some pad for absorbing

admission
* delays (and the play truncation that would occur), but

3 should admission
* delay be zero, dead air would occur for the remainder of

the item. It
* is illegal for playDuration to be greater than

itemDuration or for
40 * playDuration + startOffset to be greater than the total

play time of
* the title. If TIMECURRENT, the min of itemDuration and

total play time
* minus startOffset is used.45 ./

public long playDuration;

/* *

50
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The file pathname for title.

public String titleName;
5

* Ignored on MsmPlayer.setPlaylist. Returns max bit rate of
title on

" MsmPlayer.getPlaylist.
10

public int maxBitRate;

* If true, terminate play after itemDuration seconds (even
is if admission

* delays have caused schedule to slip and title has not
completed). If

* false, always play itemDuration seconds of title, allow
schedule to

20 slip if necessary.
*/

public boolean isTimeLocked;

25 * If true, plays closest available speed in same direction
if requested

* speed is not available. Search for closest is proceeds
towards normal

* presentation rate. Play is skipped if normal presentation
30 rate in

* direction is not available. If false, play of title is
skipped if

* appropriate speed is not available.*/
35 public boolean playClosestSpeed;

public MsmTitleItem(String titleName, long itemDuration, long
startOffset,

40 long playDuration, long joinlnDuration,
boolean isTimeLocked, boolean playClosestSpeed,
int maxBitRate) {

this.titleName = titleName;
this.itemDuration = itemDuration;

45 this.startOffset = startOffset;
this.playDuration = playDuration;
this.joinInDuration = joinlnDuration;
this.isTimeLocked = isTimeLocked;
this.playClosestSpeed = playClosestSpeed;
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this.maxBitRate = maxBitRate;}

5 MsmTitleItem(XdrBlock xdr) I
titleName = xdr.xdrinStringo;
itemDuration = xdr.xdrinLMsmTime();
startOffset = xdr.xdrinMsmTimeo;
playDuration = xdr.xdrinMsmTimef);

10 joinInDuration = xdr.xdrinMsmTimeo;
isTimeLocked = xdr.xdrinBooleano;
playClosestSpeed = xdr.xdrinBoolean();
maxBitRate = xdr.xdrinInt(;

15

void xdrout(XdrBlock xdr)
xdr.xdroutString(titleName);
xdr.xdroutMsmTime(itemDuration);
xdr.xdroutMsmTime(startOffset);

0xdr.xdroutMsmTime(playDuration);

xdr.xdroutMsmTime(joinInDuration);
xdr.xdroutBoolean(isTimeLocked);
xdr.xdroutBoolean(playClosestSpeed);
xdr.xdroutInt(maxBitRate);

25

public String toString()
return MsmToString.titleItemToString(this);

30

35

40

45

50

55

59

DISH, Exh. 1008, p. 512

Petitioner Microsoft Corporation - Ex. 1008, p. 1673



EP 0 803 826 A2

MsmDeadAirltem

/*
5 @(#)MsmmDeadAirItem.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

package COM.Sun.isg.smcjc;

public class MsmDeadAirItem extends Msmltem
public MsmDeadAirItem(long itemDuration, long joinlnDuration)

{
this.itemDuration = itemDuration;

20 this.joinInDuration = joinInDuration;
I

MsmDeadAirltem(XdrBlock xdr) f
itemDuration = xdr.xdrinMsmTimeo;25 joinInDuration = xdr.xdrinMsmTimeo;

I

void xdrout(XdrBlock xdr) I

30 xdr.xdroutMsmTime(itemDuration);
xdr.xdroutMsmTime(joinInDuration);

}

public String toString() f
35 return MsmToString.deadAirItemToString(this);

}

40

45

50

55

60

DISH, Exh. 1008, p. 513

Petitioner Microsoft Corporation - Ex. 1008, p. 1674



EP 0803 826 A2

MsmException

/*

5 * @(#)MsmException.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

15 package COM.Sun.isg.smcjc;

import java.io.*;

20 * Signals that an Media Stream Manager exception has occurred.

public class MsmException extends IOException

* Constructs an MsmException with no detail message.
25 * A detail message is a String that describes this

particular exception.
*/

MsmException()
super();

30 }

/* +
* Constructs an MsmException with the specified detail

35 message.
* A detail message is a String that describes this

particular exception.
* @param s the detail message
*/

40 MsmException(String s)
super(s);

MsmException(int proc, String msg)
45 super(((proc >= 0 && proc < procNames.length) ?

procNames[proc] : Integer.toString(proc))
+ ": +
msg);
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MsmException(int proc, int err) {
super(((proc >= 0 && proc < procNames.length)

procNames[proc] : Integer.toString(proc))
+ ": to +
((err >= 0 && err < errNames.iength)
errNames(err] : Integer.toString(err)));

private static final String[] procNames =
"null",
"server authtype",
"player create",
"player delete",
"player list",
"player access% set",
"player access get",
"player persistence set",
"player persistence get",
"player playlist set",
"player playlist get",
"player connect set",
"player connect get",
"player play",
"player pause",
"player resume",
"player play status",
"title status",

private static final
"success",
"failed",
"badarg",
"no mem",
"no netname",
"des auth failed",
"kerb auth failed",
"no such player",
"old modstamp",
"item overlap",
"bad speed",
"bad start date",
"not connected",
"bad pause position"
"play active",
"bad file name",
"bad mfs file",

String(] errNames =/* 0 */
1* 1 */
/* 2 */
/* 3 */
/* 4 */
1* 5 */
1' 6 4/

/* 7 */
/* 8 4/

/4 9 */
/* 10 */

/* 12 */
, /* 13 */

/4 14 4/

/* 15 */
/* 16 */
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"bad file type", /* 17 */
"info too long", /* 18 */

"auth failed", /* 19 */
"bad position", /* 20 */
"kerberos unsupported", /* 21 */
"bad credentials", /* 22 */
"insufficient authorization", /* 23 */
"bad access op", /* 24 */
"bad access type", /* 25 */
"bad persist type", /* 26 */
"bad time arg", /* 27 */
"bad start position", /* 28 */
"bad duration", /* 29 */
"bad start offset", /* 30 */
"bad edit start pos", /* 31 */
"bad edit duration", /* 32 */
"bad list start pos", /* 33 */
"bad item duration", /* 34 */
"bad join in duration", /* 35 *
"bad play duration", /* 36 */
"bad item type", /* 37 */
"bad title type", /* 38 */
"no such file", /* 39 */
"bad lut file", /* 40 */
"bad mfs fs", /* 41 */
"toc syntax", /* 42 */
"toc eof", /* 43 */
"toc bad char", /* 44 */
"no normal speed", /* 45 */
"dup speeds", /* 46 */
"bad file len", /* 47 */
"toc incomplete", /* 48 */
"toc can't map",. /* 49 *1
"toc bad filesize", /* 50 */
"toc bad index", /* 51 */
"too low connect rate", /* 52 */
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XdrBlock

/*
* @(#)XdrBlock.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0

10 * author Christopher Lindblad
*/

package COM.Sun.isg.smcjc;

15

import java.io.*;
import java.net.*

20 Used to manipulate ONC RPC calls and replies.
*/

class XdrBlock
byte[] buf;

25 int ptr;

/*
* Create a new empty block.
* @param size The size of the block.

30
public XdrBlock(int size) {
buf = new bytelsize];

}

35 1*

* Create a new empty block.
*/

public XdrBlock()
this(256);

40

/*
* Create a new block and initialize it with a call header.

4* @param prog The RPC program number.
* @param vers The RPC version number.
* @param proc The RPC procedure number.
* @return The xid generated.
*/

50
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public XdrBlock(int prog, int vers, int proc) {
this );
xdroutCallHeader(prog, vers, proc);

* Create a new block and receive it from an InputStream.
10 * @param is The. InputStream from which to receive the block.

* @exception IOException If an IO error has occurred.
*/

public XdrBlock(InputStream is) throws IOException f
synchronized (is)

,s int hdr;
do {

hdr = readByte(is) << 24;
hdr 1= readByte(is) << 16;
hdr 1= readByte(is) << 8;

20 hdr 1= readByte(is)
int start;
int count = hdr & Ox7fffffff;
if (buf == null) I

start = 0;
25 buf = new bytefcount];

else
start = buf.length;
byte[] tmp = new byte(start + count];
System.arraycopy(buf, 0, tmp, 0, start);

30 buf = tmp;
}
while (count > 0) {

int done = is.read(buf, start, count);

35 if (done < 0) throw new IOException("end of file");
start += done;
count -= done;

I
while ((hdr & 0x80000000) == 0);

40 }

private int readByte(InputStream is) throws IOException {
int result = is.reado;

45 if (result < 0) throw new IOException("end of file");
return result;
I

so * Send the block to an output stream.
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* @param is The OutputStream ro which to send the block.
* @exception IOException If an 10 error has occurred.

public synchronized void send(OutputStream os) throws
IOException [

int hdr = ptr I Ox80000000;
synchronized (os) (

10 os.write((hdr >> 24) & Oxff);
os.write((hdr >> 16) & Oxff);
os.write((hdr >> 8) & Oxff);
os.write((hdr ) & Oxff);
os.write(buf, 0, ptr);

,s if (os instanceof BufferedOutputStream)
((BufferedOutputStream)os).flusho;
) -

}

20

* Input a fixed-length array of bytes from the block.
" @param len The lenght of the array.
* @return The byte array.

25

public synchronized byte[] xdrinBytes(int len)
byte(] result = new byte~len);
System.arraycopy(buf, ptr, result, 0, len);

30 ptr = (ptr + len + 3) & -4;
return result;

35 * Input a variable-length array of bytes from the block.
* @return The byte array.
*/

public synchronized byte[] xdrinBytes()
return xdrinBytes(xdrinInt());

40 }

* Input an int from the block.
* @return The int.

45*

public synchronized int xdrinInt() {
int result;
result = (buf[ptr ] & Oxff) << 24;
result (buftptr + 1] & Oxff) << 16;

so result 1= (buf[ptr + 2) & Oxff) << 8;
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result 1= (buf(ptr + 3] & Oxff);
ptr += 4;
return result;}

* Input an boolean from the block.
10 * @return The boolean.

*/'

public boolean xdrinBoolean()
return xdrinInt() 0;
I

15
/,**

* Input a Strijng from the block.
* @return The String.
*/

20 public String xdrinStringo) {

return new String(xdrinByteso, 0);

25 * Input a Media Stream Manager Time value
*/

public synchronized long xdrinMsmTime()
long sec = xdrinInt(;

30 long nsec = xdrinlnt(;
if (sec == nsec && sec < 0) return sec;
return sec*1000000000L + nsec;}

35
" Output a fixed-length array of bytes to the block.
" @param val The array to output.
" @param len The length of the array to output.
*/

40 public synchronized void xdroutBytes(byte(I val, int len)
int nxt = (ptr + len + 3) & -4;
if (nxt > buf.length) grow(nxt);
System.arraycopy(val, 0, buf, ptr, len);
ptr = nxt;

45 }

/* *
* Output a variablelength array of bytes to the block.

* @param val The array to output.50
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public synchronized void xdroutBytes(byte(] val) I
int len = val.length;
xdroutlnt(len);
xdroutBytes(val, len);

}

* Output an int to the block.
10 @param val The int to output.

*/
public synchronized void xdroutInt(int val)
int nxt = ptr + 4;
if (nxt > buf.length) grow(nxt);
buf(ptr ] = (byte)((val >> 24) & Oxff);
buf[ptr + 1] = (byte) ((val >> 16) & Oxff);
buf[ptr + 2) = (byte)((val >> 8) & Oxff);
buf(ptr + 3] = (byte) ((val ) & Oxff);

20 ptr = nxt;
}

* Output an boolean to the block.
25 * @param val The boolean to output.*/

public void xdroutBoolean(boolean val)
xdroutInt(val? 1:0);
I

30

* Output a String to the block.
* @param val The String to output.

35
public void xdroutString(String val) {
int len = val.length(;
byte[) tmp = new bytellen];
val.getBytes(0, len, tmp, 0);

40 xdroutBytes(tmp);
}

* Output a Media Stream Manager Time value
45 * @param val The time to output.

*/
public synchronized void xdroutMsmTime(long val)
if (val < 0) {

xdroutInt((int)val);
xdroutlnt ((int) val);
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} else {
xdroutInt (int) (val/1000000000L));
xdroutlnt ((int) (val%1000000000L));

S}

private void grow(int needed)

10 int len = buf.length*2;
while (len < needed) len *= 2;
byte(] tmp = new byteflen];
System.arraycopy(buf, 0, tmp, 0, buf.length);
buf = tmp;

15

* Output a RPC Call header to the block.

" @param prog The RPC program number.
20 * @param vers The RPC version number.

* @param proc The RPC procedure number.*/
public synchronized void xdroutCallHeader(int prog, int vers,

int proc) {
25 xdroutInt(genXid ();

xdroutInt (CALL);
xdroutInt (RPCVERS);
xdroutInt (prog);
xdroutInt (vers);

30 xdroutlnt (proc);
xdroutlnt (AUTH UNIX);
xdroutBytes (credo);
xdroutInt (AUTH NULL);

35 xdroutBytes (verf ();

public synchronized int callXid()
int tmp = ptr;

40 ptr = 0;
int result = xdrinlnto;
ptr = tmp;
return result;

45

public synchronized int callProc()
int tmp = ptr;
ptr = 20;
int result = xdrinlnt(;50
ptr = tmp;
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return result;

private static int lastXid = 0;

private synchronized static int genXid()
if (lastXid != 0) lastXid += 1;
else lastXid = (int) (Math.random() * 2147483648.OD);
return lastXid;

private static byte[] lastCred;

,s private synchronized static byte[) credo
if (lastCred = null) {

XdrBlock xdr = new XdrBlock(;
xdr.xdroutlnt((int) (System.currentTimeMillis(/1000L));
String host;

20 try host = InetAddress.getLocalHosto.getHostName{);
catch (UnknownHostException e) host =
xdr.xdroutString(host);
int uid;
try uid =

25 Integer.parseInt(System.getProperty("user.uid"));

catch (NumberFormatException e) uid 0;
xdr.xdroutInt(uid);
int gid;

30 try gid =
Integer.parselnt(System. getProperty("user.gid"));

catch (NumberFormatException e) gid = 0;
xdr.xdroutInt(gid);
xdr.xdroutInt(0); I/ no gids

35 lastCred = new byte[xdr.ptr];
System.arraycopy(xdr.buf, 0, lastCred, 0, xdr.ptr);

return lastCred;

private static byte[] lastVerf;

private synchronized static byte[] verf() 4
if (lastVerf == null) (

lastVerf = new byte[O);

return lastVerf;
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+ Input a RPC reply header from the block.
* @param xid The expected xid.
@ @exception IOException If an error has occurred.

*/
public synchronized void xdrinReplyHeader(int xid) throws

IOException I
int replyXid = xdrinInto;
if (replyXid != xid) {

throw new IOException(
"rpc xid mismatch: " +
"expected " + xid + " but got " + replyXid);

}
int msgType = xdrinInt(;
if (msgType..!= REPLY) (

throw new IOException(
"rpc msg type mismatch: " +
expected " + REPLY + " but got " + msgType);

}
int replyStat = xdrinInto;
switch (replyStat)
case MSG ACCEPTED:

int verfType = xdrinInto;
byte[] verf = xdrinBytes(0;
int acceptStat = xdrinInto);
switch (acceptStat) {

case SUCCESS:
return;

case PROG UNAVAIL:
throw new IOException(

"rpc accepted: " +
"remote hasn't exported program");

case PROG MISMATCH:
int low = xdrinInt(;
int high xdrinInt);
throw new IOException(

"rpc accepted: " +
"version mismatch low=" + low + " high=" + high);

case PROC UNAVAIL:
throw new IOException(

"rpc accepted: " +
"program can't support procedure");

case GARBAGE ARGS:
throw new IOException(

"rpc accepted: " +
"procedure can't decode params");

default:
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throw new IOException(
"rpc accepted: " +
"unknown status: " + acceptStat);

case MSG-DENIED:
int rejectStat = xdrinInt();
switch (rejectStat)
case RPC MISMATCH:

10 int low xdrinlnto;
int high = xdrinInto);
throw new IOException(

"rpc rejected: " +
"version mismatch low=" + low + " high=" + high);

is case AUTH ERROR:
int authStat =.xdrinInto;
switch (authStat)
case AUTH BADCRED:

throw new IOException(
20 "rpc rejected: " +

"remote can't authenticate caller: " +
"bad credentials (seal broken)");

case AUTH REJECTEDCRED:
throw new IOException(

25 "rpc rejected: " +

"remote. can't authenticate caller: " +
"client must begin new session");

case AUTH BADVERF:
throw new IOException(

30 "rpc rejected: " +
"remote can't authenticate caller: " +
"bad verifier (seal broken)");

case AUTH REJECTEDVERF:
throw new IOException(

35 "rpc rejected: " +
"remote can't authenticate caller: " +
"verifier expired or replayed");

case AUTH TOOWEAK:

40 throw new IOException(
"rpc rejected: " +
"remote can't authenticate caller: " +
"rejected for security reasons");

default:
4throw new IOException(

"rpc rejected: " +
"remote can't authenticate caller: " +
"unknown status: " + authStat);

I
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default:
throw new IOException(

"rpc rejected: " +
"unknown status: " + rejectStat);

}
default:

throw new IOException("unknown rpc reply status: "+

replyStat);

10 I
/*

* Blow up if ptr hasn't reached the end of the block.
15 *1

public void doxe() throws IOException {
if (ptr != buf.length) (

throw new IOException(
(buf.length-ptr) + " extra bytes of data remaining in

20 reply");I
}

/.
25* Provisions for authentication of caller to service and

vice-versa are
* provided as a part of the RPC protocol. The call message

has two
* authentication fields, the credentials and verifier. The

30 reply
* message has one authentication field, the response

verifier. The RPC
* protocol specification defines all three fields to be the

following
35 * opaque type (in the eXternal Data Representation (XDR)

language [9]):
*/

private static final int AUTH NULL = 0;
private static final int AUTHUNIX = 2;

40 private static final int AUTH-SHORT = 2;private static final int AUTHDES =3;

RPC Message protocol version 2
45

private static final int RPCVERS = 2;
private static final int CALL = 0;
private static final int REPLY = 1;
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* A reply to a call message can take on two forms: The
message was

* either accepted or rejected.
*/private static final int MSG ACCEPTED =0;

private static final int MSG DENIED = 1;

10/

o Given that a call message was accepted, the following is

the status
of an attempt to call a remote procedure.*/

private static final int SUCCESS = 0;
private static -final int PROG UNAVAIL = 1;
private static final int PROG MISMATCH = 2;
private static final int PROC UNAVAIL = 3;
private static final int GARBAGEARGS = 4;

20 /*
* Reasons why a call message was rejected:

private static final int RPC MISMATCH = 0;
25 private static final int AUTHERROR = 1;

* Why authentication failed:
*/

30 private static final int AUTH BADCRED = 1;
private static final int AUTH REJECTEDCRED = 2;
private static final int AUTH BADVERF = 3;
private static final int AUTH REJECTEDVERF = 4;
private static final int AUTH-TOOWEAK = 5;

35

40

45
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PortMaper

@(#)PortMapper.java

Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0

* author Christopher Lindblad
*/

package COM.Sun.isg.smcjc;
is

import java.io.*;
import java.net.*;

/**

20 * Interface to the ONC port mapper.*0

class PortMapper
private Socket socket;
private InputStream is;

25 private OutputStream os;

/* *

* Create a port mapper client.
* @param host The server for which we want to know the port

30 mappings.
* @exception IOException If there is an error.
*/

public PortMapper(String host) throws IOException {
socket = new Socket(host, PMAP PORT);

35 is = new BufferedInputStream(socket.getInputStream());
os = new BufferedOutputStream(socket.getOutputStream());

40 * Get the port number for a particular ONC service.
* @param prog The RPC program number.
* @param vers The RPC version number.

* @param prot Either IPPROTO TCP or IPPROTOUDP.
* @return The port number for the service.

45 * @exception IOException If there-is an error.
*/

public synchronized int getPort(int prog, int vers, int prot)
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throws IOException {
XdrBlock call = new XdrBlock(;
call.xdroutCallHeader(PMAPPROG, PMAPVERS,

PMAPPROCGETPORT);
call.xdroutInt(prog);
call.xdroutInt(vers);
call.xdroutInt(prot);
call.xdroutlnt(0);

10 call.send(os);
XdrBlock reply = new XdrBlock(is);
reply.xdrinReplyHeader(call.callXido);
int result = reply.xdrinlnt(;
reply.done();
return result;

* Closes the port mapper.

20
public synchronized void close() throws IOException {
socket.close();

i

25 static final int IPPROTOTCP = 6;
static final t IPPROTO UDP = 17;

private static final int PMAP PROG = 100000;
private static final int PMAP VERS = 2;

30 private static final int PMAPPORT = 1ii;

private static final int PMAPPROC NULL = 0;
private static final int PMAPPROC -SET = 1;
private static final int PMAPPROCUNSET = 2;

35 private static final int PMAPPROC GETPORT = 3;
private static final int PMAPPROC-DUMP = 4;
private static final int PMAPPROC-CALLIT = 5;

40

45
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Decoder

1*
* @ (#)Decoder. java

* Copyright 1995 Sun Microsystems, Inc.

* version 1.0
10 * author Christopher Lindblad

*/

package COM.Sun. isg.smcjc;
15

import java.awt.*;;
import java.io.*;

public class Decoder extends Panel
20 private DecoderImpl impl;

public Decoder() {
setLayout (new BorderLayout 0);

All Rights Reserved.

public synchronized void init(String format, Image img, String
host,int port,String ATM)

throws IOException {
try (
Class implClass = Class.forName(implClassName(format));
if (impl == null II impl.getClass() implClass)

removeAll();
impl = (DecoderImpl) implClass.newlnstance();
add("Center", impl);

impl.init(format, img, host, port,ATM);
} catch (ClassNotFoundException e) (
throw new IOException(e.toString());
} catch (IllegalAccessException e) (
throw new IOException(e.toString();
} catch (InstantiationException e) (
throw new IOException(e.toString());

public synchronized void paint(Graphics g)
if (impl != null) super.paint(g);
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else (
Rectangle b = boundso;
g.setColor (getBackground ();
g.fill3DRect(O, 0, b.width, b.height, true);}

}

10 public synchronized void stop() throws IOException
if (impl != null) impl.stop(;
I

public synchronized void pause() throws IOException
if (impl.= null) impl.pauseo;
I

public synchronized void play() throws IOException
if (impl != null) impl.play(;

20 }

public synchronized void flush() throws IOException
if (impl != null) impl.flush();
I

25

public synchronized String destTiAddr () throws IOException [
if (impl != null) return impl.destTiAddro;
return

30

public synchronized String encap() throws IOException f
if (impl != null) return impl.encap(;
return ""•

35 1

A hacky implementation factory

40 private static String implClassName(String format) throws
IOException {

String osArch = System.getProperty("os.arch", "?os.arch");
String osName = System.getProperty("os.name", "?os.name");
String osVersion = System.getProperty("os.version",

4S "?os.version");
String spec = format + " " + osArch + .... + osName + " " +

osVersion;
if (format.equals("MPEGlSYS"))

if (osName.equals ("Solaris") II osName.equals ("SunOS"))50 {

5
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if (osArch.equals("sparc")) (
return "COM.Sun.isg.smcjc.MpxDecoderImpl";

5)

throw new IOException("no decoder for " + spec);

10

Decoderlmpl
15

/*
* @(#)DecoderImpl.java

20 * Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
* author Christopher Lindblad

25 /

package COM.Sun.isg.smcjc;

import java.awt.*;
30 import java.io.*;

abstract class DecoderImpl extends Canvas
public abstract void init(String format, Image img, String

host, int port, String ATM) throws IOException;
35 public abstract void stop() throws IOException;

public abstract void pause() throws IOException;
public abstract void play() throws IOException;
public abstract void flush() throws IOException;
public abstract String destTiAddr() throws IOException;

40 public abstract String encap() throws IOException;

45
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MpxDecoderlmpl

* @(#)MpxDecoderlmpl.java

Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

10 * version 1.0
* author Christopher Lindblad
*/

is package COM.Sun.isg.smcjc;

import java.applet *;
import java.io.*;
import java.awt.*;

20 import java.net.*;

class MpxDecoderlmpl extends DecoderImpl implements Runnable
private String format;
private String host;

25 private int port;
private int portO;
private Image img;
private long fadeTimeMillis;
private DatagramSocket ctrlSckt;

30 private Thread thread;
private DatagramPacket ctrlPckt;
private File logFile;
private float luminance = 1.OF;

35 private int dataPort;
private int scale = 1;
private int state=STOP;
private boolean multi=false;
private boolean ATM=false;

40 private String ATMs=null;

public MpxDecoderImpl() {
super();

}
45

public synchronized void init(String format, Image img,
String host, int port, String ATMs)

throws IOException {
this.format format;
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this.img = img;
ATM=(ATMs!=null);

this.port=port;
5 this.host=host;

if ((port==-1)&&(!ATM)){
dataPort = genLocalPorto;
}else(
dataPort = port;

10 portO= genLocalPort(;

multi= !ATM;
if (ATM) this.ATMs = ATMs;

}
ctrlPckt = new DatagramPacket(
new

byte[128],128, Inet4ddress.getLocalHost(),genLocalPort());
ctrlWord(0, OxOO000001); 1/ sync
ctrlWord(l, 0xO0000002); / sync

20 ctrlWord(2, 0x00000003); / sync
ctrlWord(3, 0xO0000004); / sync
ctrlWord(4, OxaaaaOO01); II version = 1
ctrlWord(5, OxbbbbOO01); // channel = 1
ctrlWord(6, OxOOOOOOOO); // sequence = 0

25 ctrlWord(7, OxccccOO00); // flags = 0
ctrlWord(8, OxddddOO01); // type = 1

public Dimension minimumSize()
30 return new Dimension(WIDTH, HEIGHT);I

public synchronized Dimension preferredSize() [
Dimension dim = new Dimension(WIDTH*scale, HEIGHT*scale);

35 return dim;
I

public synchronized void layout()
Rectangle b = bounds();

40 double xscale = (double)b.width/(double)WIDTH;
double yscale = (double)b.height/(double)HEIGHT;
int scale = (int) ((xscale + yscale) / 2.0 + 0.25);
if (scale < 1) scale = 1;
if (scale > 3) scale = 3;

45 if (scale != this.scale)
this.scale = scale;
if (state == PAUSE 11 state == PLAY) updateVideoMode);

I
so
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public synchronized void paint(Graphics g) {
Dimension ps = preferredSizeo);
g.setColor(getBackground();
g.fill3DRect(O, 0, ps.width, ps.height, true);
if (img != null) g.drawImage(img, 0, 0, ps.width, ps.height,

this);
}

10
public synchronized void stop() throws IOException
if (state == PAUSE II state == PLAY)

if (multiIIATM)H
is StringBuffer sc= new StringBuffero;

sc.append("kloop ");
System.out.println(sc.toString ));

String[] cmdarrayO= new String[3];
cmdarray0(0j = "/bin/sh";

20 cmdarray0[l] = "-c";
cmdarray0[2] = sc.toStringo;
try Runtime.getRuntime().exec(cmdarrayO);
catch (SecurityException e)

System.out.println("Exec="+exec(cmdarrayO[2]));
25 }

ctrlWord(9, MCMD EXIT);
ctrlSckt.send(ctrlPckt);
ctrlSckt.close );
ctrlSckt = null;

30 state = STOP;
try I
if (logFile.length() == 0) logFile.delete);
} catch (SecurityException e) {

35 String cmd = "/bin/rm -f "+logFile.getPath(;
try Runtime.getRuntimeo).exec(cmd);
catch (SecurityException f) exec(cmd);

I
}

40 }

public synchronized void pause() throws IOException I
if (state == PLAY) I

ctrlWord(9, MCMD PLAYCTR); // identifier
45 ctrlWord(10, PC PAUSE); // action

ctrlWord(l1, Float.floatTolntBits(1.0F)); // speed
ctrlSckt.send(ctrlPckt);
state = PAUSE;

}
50
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public synchronized void playo) throws IOException I
if (state == PAUSE) I

ctrlWord(9, MCMD PLAYCTR); // identifier
ctrlWord(10, PC PLAY); // action
ctrlWord(ll, Float.floatToIntBits(l.0F)); // speed
ctrlSckt.send(ctrlPckt);

10 state = PLAY;
else if (state == STOP)

StringBuffer sb = new StringBuffero;
sb.append("exec mpx");
if (!multi) I

Is if (!ATM)[
.sbappend(" -fn udp, 1p, ");

sb. append (dataPort);
)else{
sb.append(" -fn udp,lp,");

20 sb.append(portO);
I

)else[
sb.append(" -fn udp,lp,");

sb.append(portO);
251

sb.append(" -xn udp,lp,");
sb.append(ctrlPckt.getPort 0);
sb.append(" -u 2");
sb.append(" -v ");

30 int depth = getColorModel().getPixelSize);
if (depth == 1)
sb.append ("mono");
} else {

35 sb.append("col");
sb. append (depth);
if (depth - 24 && scale > 1) sb.append("B");

sb. append (",");
40 sb.append(scale);

sb.append(" -w ");
sb.append(windowId 0);
sb.append(" </dev/null");
sb.append(" >");

45 System.out.println(sb.toString ();
logFile = new

File("/tmp/mpx. "+System.currentTimeMillis 0);
sb.append(logFile.getPath 0);
sb.append(" 2>&1");
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String[] cmdarray = new String(3];
cmdarray(O] = "/bin/sh";
cmdarrayfl] = "-c";
cmdarray[2] = sb.toString();
try Runtime.getRuntimeo( .exec(cmdarray);
catch (SecurityException e) exec(cmdarray(21);
ctrlSckt = new DatagramSocket);

10 state = PLAY;
if (ATM) I

StringBuffer sc= new StringBuffer(;
sc.append("loop a ");
sc.append(dataPort+" "I);

15 sc.append(port0 " >sasa &");

System.out.println(sc.toStringo);
String(]. cmdarrayO= new String[3];
cmdarrayo[O] = "/bin/sh";

20 cmdarrayO[1] = "-c";
cmdarrayO[2] = sc.toStringo;
try Runtime.getRuntime() .exec(cmdarrayo);
catch (SecurityException e)

System.out.println("Exec="+exec(cmdarray0(2 ]));
25 }else if (multi) {

StringBuffer sc= new StringBuffero;
sc.append("loop m ");
sc.append(host+" ");
sc. append (dataPort+" ");

30 sc.append(portO+" &");
System.out.println(sc.toStringo);

String(] cmdarrayO= new String[3];
cmdarray0[O] = "/bin/sh";
cmdarray0[l] = "-c";
cmdarray0[2] = sc.toStringo;
try Runtime.getRuntime () .exec (cmdarrayO);
catch (SecurityException e)

System.out.println("Exec="+exec(cmdarray0[2]));
40 }I

}

public synchronized void flush()
45 if (thread == null) {

thread = new Thread(this);
thread. start () ;

fadeTimeMillis = System.currentTimeMillis() + 4000;
50

55

84

DISH, Exh. 1008, p. 537

Petitioner Microsoft Corporation - Ex. 1008, p. 1698



EP 0 803 826 A2

public synchronized String destTiAddr() throws
UnknownHostException {

String phost;
//return "beO, "+phost+", "+dataPort;
if (ATM)(

return "port=" + ATMs + ",vc=" + dataPort;
}else {

phost = InetAddress.getLocalHost() .getHostNameo;
return "host =" + phost + ",udpport=" + dataPort;

public String encapo)
return "MPEGSYS";

private void ctrlWord(int idx, int val) {
byte(] buf = ctrlPckt.getDatao;
buf[idx*4 I = (byte) ((val >> 24) & Oxff);
buffidx*4 + 1] = (byte) ((val >> 16) & Qxff);
buffidx*4 + 2] = (byte)((val >> 8) & Oxff);
buf[idx*4 + 3] = (byte)((val ) & Oxff);

}

private void updateVideoMode()
ctrlWord(9, MCMD PRESCTR); // identifier
ctrlWord(10, PCTRVMDIPCTR LUM); // which
int depth = getCoforModel(.getPixelSize);
int col = (depth==l)? 0 : (depth==24&&scale>l) ? VD

VDM COL;
ctrlWord(1l, (col<<8)Iscale); // video mode
ctrlWord(12, 0); // audio mode
ctrlWord(13, 0); 1/ audio volume
ctrlWord(14, Float.floatToIntBits(luminance)); // 1
ctrlWord(15, 0); // saturation
ctrlWord(16, 0); // gamma
try ctrlSckt.send(ctrlPckt); catch (IOException e);

M COLB :

uminance

public synchronized void run()
Thread currentThread = Thread.currentThreado;
try (

while (currentThread==thread && (state==PAUSE 11
state==PLAY)) (

long currentTimeMillis = System.currentTimeMillis();
float last = luminance;
if (fadeTimeMillis < currentTimeMillis) J
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if (luminance < 1.OF) luminance += 0.125F;
} else (

if (luminance > 0.OF) luminance -= 0.125F;

if (luminance.= last) updateVideoMode(;
if (luminance >= 1.OF) return;
try wait(125); catch (InterruptedException e);

10
} finally

if (thread == currentThread) thread = null;
}

i5

private int genLocalPort() throws IOException f
DatagramSocket sckt = new DatagramSocket);
int port = sckt.getLocalPort(;
sckt.close 0;

20 return port;
}

private native int windowIdo;
25

private native int exec(String cmd);

protected void finalize()
try stopo; catch (IOException e);

30 }

private static final int WIDTH = 352;
private static final int HEIGHT = 240;

35 private static final int STOP = 0;
private static final int PLAY = 1;
private static final int PAUSE = 2;

40 /* command identifiers */
private static final int MCMD NULL = 0;
private static final int MCMD EXIT = 1;
private static final int MCMDOPENSRC = 2;
private static final int MCMD CLOSESRC = 3;
private static final int MCMD-REENTER = 4;
private static final int MCMD PLAYCTR = 5;
private static final int MCMD-PRESCTR = 6;
private static final int MCMD STREAM = 7;

so private static final int MCMD-SENDSTAT = 8;
private static final int MCMD STATUS = 9;
private static final int MCMD ACK = 10;
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/* command flags */
private static final int MCFL SNDACK
private static final int MCFL-ORGMPX

/* command parameter values: */

=(1<O);

=(1<<2);

/* source_type
private static
private static

MCMD OPENSRC */
final int MSC FNAME
final int MSC FDSCP

/* flags
private static
private static
private static
private static

/* data type
private static
private static
private static

/* action
private static
private static
private static
private static

/* which
private
private
private
private
private
private

static
static
static
static
static
static

/* video mode
* Oxvvzz

MCMD REENTER */
final int MRE FOFS
final int MRE ASOPEN
,final int MRE-STRMS
final int MRE-SEEKVSEQ

final
final
final

final
final
final
final

(1<<O);
(1<<2);
(1<<3);
(1<<4) ;

MCMD OPENSRC, MCMDREENTER */
int BSTRM 11172 = (I<<O);
int BSTRMVSEQ = (I<<i);
intBSTRMASEQ = (1<<2);

MCMD PLAYCTR */
int PC PLAY
int PC-FWDSPEED
int PC FWDSTEP
int PC PAUSE

MCMD PRESCTR */
final int PCTR VMD
final int PCTR AMD
final int PCTR AVOL
final int PCTR LUM
final int PCTR SAT
final int PCTR-GAM

MCMDPRESCTR

* vv : VDM_COL, VDMCOLB
* zz : zoom (1-3]
*/

private static final int VDM COLprivate static final int VDM-COLB

(1<<O);
(1<<) ;
(1<<2);
(1<<3);

(i<<O) ;
(i<<i);

(1<<2);
(1<<3);
(1<<4);
(1<5) ;

= 1;
=2;

/* audio-mode

* cccqqq

MCMDPRESCTR
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* ccc: channel listening selection
* Sxx :-1/0 -> Selection/ No Selection

101 : Left
5 110 : Right
* 111 : Left & Right
* qqq: audio playback quality selection
* Sxx-: 1/0 -> Selection/ No Selection
* 100 High

10 101 : Medium
* 110 : Low

/* stream MCMDSTREAM, MCMDOPENSRC, MCMDREENTER
15

* vvvvvvvv.aaaaaaaa
* aaaaaaaa:
* a7: 1-> ignore stream identifier part (bits a5-aO).
* a6: audio stream subscription 0/ON, 1/OFF
* a5: l->auto subscribe to first encountered audio

stream,
* (a4-aO = 00000).
* a4-aO: subscribe to a particular audio stream (0-31]

25
* VVvVvvvv:

v7: 1-> ignore stream identifier part, bits v5-vO
v6: video stream subscription 0/ON, 1/OFF

* v5: 1->auto subscribe to first encountered video
30 stream,

* (v4-vO = 00000).
v4: 0

* v3-vO: subscribe to particular video stream [0-15]

35 /

private static final int STRM IGNOREID = 0x80;
private static final int STRM-SBCOFF = 0x40;
private static final int STRM-AUTOSBC = 0x20;

40

static
try System.loadLibrary("javampx"); catch

(UnsatisfiedLinkError e)
4System.load("/opt/SUNWsmcjc/lib/libjavampx.so");

}
}

50
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smcrm

/*
5 * @(#)smcrm.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

*/

package COM.Sun.isg.smcjc;
15

public class smcrm--(
private static byte(] parseHandle(String s)
int len = s.lengtho/2;

20 byte(] h = new byte~len];
for (int i = 0; i < len;.i++)

h[i] = (byte) Integer.parseInt(s.substring(i*2,
(i+l)*2), 16);

]
25 return h;

public static void main (String args(]) throws Exception
MsmSession session = null;
MsmPlayer player;

30 if (args.length != 2)
System. err.println("usage: smcrm <serverName>

<playerHandle>");
return;

1
35 try{

session = new MsmSession(args[0]);
player = new MsmPlayer(session, parseHandle(args(l]));
player.delete 0;

4 catch (Exception e)
System.err.println("smcrm: " + e);

I finally [
if (session != null)
try session.close(); catch (Exception e)

45 System.err.println("smcrm: " + e);
I

I

50
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smcstat

/*

* @(#)smcstat.java

* Copyright 1995 Sun Microsystems, Inc. All Rights Reserved.

* version 1.0
10 * author Christopher Lindblad

package COM.Sun.isg.smcjc;

15

public class smcstat I
public static void main (String args() throws Exception
MsmSession session = null;

20 MsmPlayer(I players;
if (args.length != 1) 1

System.err.println("usage: smcstat <serverName>");
return;

}

25 try(
session = new MsmSession(argsfO]);
players = session.players(;
System.out.println(session);
for (int i = 0; i < players.length; i++)

30 MsmPlayer player = players[i];
MsmPersistence persistence = player.getPersistenceo;
MsmConnect connect = player.getConnect(;
MsmPlayStatus status = player.getPlayStatus);
MsmAccessRight[] rights = player.getAccess();

35 MsmPlaylist playlist = player.getPlaylisto;
System.out.println(player);
System.out.println(persistence);
System.out.println(connect);

40 System.out.println(status);
for (int j = 0; j < rights.length; j++) j

System.out.println(rights(j]);
}
System.out.println(playlist);

45 for (int j = 0; j < playlist.items.length; j++) f
if (playlist.itemsfj] instanceof MsmTitleItem)
MsmTitleItem ti = (MsmTitleItem)playlist.items[j];
System.out.println(

session.getTitleStatus(ti.titleName));
50
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I
I
I

5 catch (Exception e) (
System.err.println("smcstat: " + e);

I finally {
if (session != null) I
try session.closeo; catch (Exception e)

10 System.err.printlnl"smcstat: " + e);
I

I

15

20

25

30

35
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LOOP

1*

@(#)loop.c

Copyright 1996 Sun Microsystems, Inc. All Rights Reserved.

* version
* author

1.0
Stephane CACHAT

*1

,s #include <stdio.h>
~#include <stdlib.h>

#include <s
#include <s

20 #include <n
#include <a
#include <s
#include <n

25 #include <s
#include <e
#include <f
#include <a
#include <u

30 #include <s
#include <s
#include <t
#include <t
include <s

35 i include <s
#include <f
include <a

40 #ifdef TRUE
#undef TRUE
#endif

ys/types.h>
ys/socket.h>
etinet/in.h>
rpa/inet.h>
tring.h>
etdb.h>
ignal.h>
rrno.h>
cntl.h>
ssert.h>
nistd.h>
ys/time.h>
ys/resource.h>
ime.h>
hread.h>
ys/errno.h>
ys/stropts.h>
cntl.h>
tm/atmioctl.h>

#ifdef FALSE
45 #undef FALSE

# endif

#define FALSE 0

50 #define TRUE 1
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#define BUF 1024*8

5*** Global variables

/* Parameters /

10 char servername[256];

char * progName;
char *opt;
int port;

is int portO;

/* Socket */

struct sockaddr in adds;
20 int skt;

struct sockaddr in addr;
struct sockaddr in addx;
struct hostent * hp;

25 int len;

/* buffer */

char * buffer=NULL;
30

/* Multicast *1

struct ip_mreq mreq;
char * host;

35

/* Thread */

thread-t Tpump;
40 int okdone=O;

int flag=1;

/* ATM */

int safd;
4int ppa;

char ctlbuf[OxlOO];

#define vc port

/************** *************************** *********

* Receive&transmit info Multicast

55
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* ****** * **** *** * *** ** ************ ************ *

void * pumpM(void * result)(
5 while (flag) { /*main loop*/

len=recvfrom (skt, buffer, BUF, 0, NULL, 0);
if (len) [
sendto(skt,buffer, len,0, (struct sockaddr *

& (addx), sizeof(addx));
10 }

flag=l;
i

•*** Receive&trazjsmit info ATM**

void * pumpA(void * result)(struct strbuf ctl;

struct strbuf data;
int flags;

fprintf(stderr, "pumpA\n");

25 ctl.buf = (char *) ctlbuf;
ctl.maxlen = OxlOO;
ctl.len = 0;
data.buf (char *) buffer;
data.maxlen = BUF;

30 data..len = 0;
flags = 0;
while (flag)

if (getmsg(safd, &ctl, &data, &flags) < 0) 0
fprintf(stderr,"getmsg failed, errno=%d\n",

35 perror(" ");
return;

/*main loop*/

errno);

len=data. len;
fprintf (stderr, "len=%d\n", len);

40 if (len) {
sendto(skt,buffer+4,len-4,0, (struct sockaddr *

& (addx), sizeof (addx));
I

flag=l;

S******************************** *****************
50* Collecting arguments**
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void print usage_andexit (char* a) (
if (strlen(a)) fprintf(stderr,a);
fprintf(stderr,"\n%s redirect multicast or atm data stream

to loO\n",progName);
fprintf(stderr, "Usage\n");
fprintf(stderr,"%s m <Multicast address> <in port> <out

10 port>\n",progName);
fprintf(stderr,"%s a <VC> <out port>\n",progName);
(void) exit (0);

i5 static void collectArgs(int argc,char **argv){

int i;
int j=0;
FILE * f;

20 progName=* argv++;
if (!*argv) printusage_and-exit("");
opt=*argv++;
if (*opt=='a')

if (!*argv) printusage_andexit("");
25 port=atoi (*argv++);

if (!*argv) printusageandexit("");
portO=atoi (*argv++);
if (port<=O) printusage_andexit("...);
if (*argv) printusageand exit("");

30 f=fopen ("./loop. conf", "r").
if (!f){

fprintf(stderr,"Can't open loop.conf");
exit (-1);

35 }
host= (char*) malloc(256);
fscanf(f,"%s",host);
fclose (f);

)else if (*opt=='m)
40 if (!*argv) printusageandexit("");

host=*argv++;
if (!*argv) printusageandexit("");
port=atoi (*argv++);
if (!*argv) printusage_and exit("");

45 portO=atoi (*argv++);
if (port<=O) printusageand exit("");
if (*argv) printusageand_exit("");

} else printusageand exit("");

50
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********** ** *********** ********* ** ****** *****
* Getting server IP adress

void getaddr()
int udpport;
unsigned long inaddr;
struct hostent * hp;

10 char n(256];
int i;

if (gethostname (servername, 256) ==-1)
print usage_and exit("error while getting hostname");

if ((inaddr=inet addr(servername)) !=-1){
adds.sin_addr.4 _addr=inaddr;

}else(
hp=gethostbyname (servername);

20 if (hp!=NULL)[
adds.sin addr.s -addr=((struct in addr*)

hp->haddr)->s-addr;
adds. sinport = htons (udpport);

}
25

if ((inaddr=inet addr(host)) !=-i) (/*hostname*/
mreq.imr multiaddr.s addr=inaddr;

}else[
hp=gethostbyname (host);

30 if (hp!=NULL){

mreq.imr multiaddr.s addr=((struct in addr*)
hp->h addr)->saddr;

}else{
35 fprintf(stderr,"Multicast connect failed\n");

}

/* mreq.imr interface.s addr=INADDR ANY; */
gethostname (n, 256);

40 hp=gethostbyname (n);
if (hp!=NULL) (

mreq.imr interface.s addr=((struct in addr*)
hp->haddr)->s addr;

addx.sin addr.s addr=((struct in addr*)
hp->haddr)->s-addr;

addx.sin-port = htons(portO);
)else(

fprintf(stderr,"Multicast connect failed\n");
50 }
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*** Socket setting Multicast

void goMO(
getaddr();
skt=socket(AF INET,SOCKDGRAM,O);
if (skt==O) (
perror("Create socket");

10 exit(EXITFAILURE);
I
addr.sin family = AFINET;
addr.sin addr.s addr = INADDR ANY;
addr.sinport = htons(port);

is bind(skt, (void *)&addr,sizeof(addr));
if ( setsockopt (sk.t, IPPROTO IP, IP_ADD_MEMBERSHIP, (char*)&mreq,

sizeof(struct ip_mreq) ) == -f ) -
fprintf(stderr,"Can't join multicast membership");
exit (0);

20 }

if (fcntl(skt,F SETFL,O NDELAY)==-l){
fprintf(stderr,"set socket options nb");
exit(EXITFAILURE);

25 }

if (thr create(O,O,pumpM,0,O,&Tpump)) perror("Can't create
Dispatcher");

30 ****+*****+ *.&.********** **** *** ** ************

* ATM interface setting

void goAO(
35 int udpport;

unsigned long inaddr;
struct hostent * hp;
char n(256];

40 char interface[llO;
memset(interface, 0, sizeof (interface));
strcpy(interface, host);
ppa = interface[strlen(interface) - 1] - '0';
if ((safd = sa open(interface)) < 0) {

fprintf(stderr,"open failed, errno=%d\n", errno);
perror ("open");
exit (-i);

so fprintf(stderr,"ready to attach\n");
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sa attach(safd, ppa, -1);
fprintf(stderr, "attached\n");
if (sa add_vpci(safd, vc, NULL ENCAP, BIGBUFTYPE) < 0) {

5 fprintf (stderr, "saadd_vpci failed, errno=%d\n", errno);
exit (-1);

}
sa setraw(safd);

10 gethostname (n, 256);

hp=gethostbyname (n);
if (hp!=NULL){

addx.sin addr.s addr=((struct in addr*)
1s hp->haddr)->s-addr;

addx.sin_port = htons(portO);
lelse{

fprintf(stderr,"loO connect failed\n");

20 skt=socket(AFINET,SOCKDGRAM,0);
if (skt==O)
perror("Create socket");
exit(EXITFAILURE);

25 addr.sin family = AFINET;
addr.sin addr.s addr = INADDRANY;
addr.sinport =-htons(port0);
bind(skt, (void *)&addrsizeof(addr));

30 if (fcntl(skt,F SETFL,O0 NDELAY)==-l){
fprintf(stderr,"set socket options nb");
exit (EXITFAILURE);

35 if (thr create (0, 0,pumpA, 0,0,&Tpump)) perror("Can't create
Dispatcher");

40
Cleaning ATM

void doneA(int arg) {
45 fprintf(stderr,"loop killed by signal %d\n",arg);

if (!okdone) (okdone=l;
flag=0;
while (!flag)

so ) sleep(l);

fprintf(stderr, "dispatcher killed\n");
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if (sa delete_vpci(safd, vc) < 0)
fprintf(stderr,"sadeletevpci failed, errno=%d\n", errno);

I;
fprintf(stderr,"ready to detach\n");

sa detach(safd, -1);
fprintf(stderr, "detached\n");
sa close(safd);
close(skt);

10 printf("socket closed\n");
if (buffer) free(buffer);
printf("Buffer free\n");
exit (0) ;

Cleaning Multicast

20

void doneM(int arg)
if (!okdone) (okdone=l;
if (setsockopt(skt,IPPROTOIP, IPDROPMEMBERSHIP, (char *)

&mreq,sizeof(mreq))==-l){
25 fprintf(stderr, "Can't drop multicast membership");

exit (0);

printf("Multicast membership dropped\n");
30

flag=O;
while (!flag)

sleep (1) ;
}

35 printf("dispatcher killed\n");

close (skt);
printf("socket closed\n");

40 if (buffer) free(buffer);
printf("Buffer free\n");
exit (0) ;

45

*** Main

int main(int argc, char** argv)

int i;
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buffer=(char*) malloc(BUF);
collectArgs (argc,argv);
if (*opt--'m')(

printf ("host=%s, port=%d, portO=%d\n", host,port,portO);
signal (SIGQUIT,doneM);
signal (SIGINT,doneM);
signal (SIGUSRl,doneM);

10 signal (SIGUSR2,doneM);

printf("go M\n");
goM (0);

}else if (*opt=='a'){
rs printf("interface=%s, vc=%d,portO=%d\n '',host,vc,portO);

signal (SIGQUIT, doneA);
signal (SIGINT, dconeA);
signal (SIGUSRl, doneA);

20 signal (SIGUSR2,doneA);

printf( "go A\n");
goA (;

25

printf("loop\n");

while(l) sleep(60);

30

Claims
35

1. A method for processing in a computer which includes a memory a bit stream received from a bit stream server
which is operatively coupled to the computer through a network, the method comprising:

retrieving from a multimedia document stored in the memory a specification of a title;
40 building from the specification of the title bit stream control signals which request a bit stream representing

the title and which are in a form appropriate for processing by the bit stream server;
transmitting the bit stream control signals to the bit stream server to thereby request from the bit stream server
a bit stream representing the title;
building from the specification of the title decoder control signals which direct a decoder to receive the bit

45 stream from the bit stream server and which are in a form appropriate for processing by the decoder; and
transmitting the decoder control signals to the decoder to thereby cause the decoder to receive and decode
the bit stream.

2. An applet, capable of executing within a computer system, for requesting and controlling decoding of a bit stream
so specified in a multimedia document stored in a memory of the computer system, the applet comprising:

an API module (i) which is configured to build from a specification of the bit stream in the multimedia document
bit stream control signals which request transmission of the bit stream from a bit stream server and which are
in a form appropriate for processing by the bit stream server and (ii) which is configured to transmit the bit

55 stream control signals to the bit stream server to thereby request from the bit stream server a bit stream
representing the title; and
a decoder module (i) which is operatively coupled to the API module; (ii) which is configur d to build from the
specification of the bit stream in the multimedia document decoder control signals which direct a decoder to
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receiv the bit stream from th bit stream server and which are in a form appropriat for processing by the
decoder; and (iii) which is configured to transmit the decoder control signals to the decoder to thereby cause
the decoder to receive and decod the bit stream.
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AMENDED CLAIMS IN CLEAN FORM

IN THE CLAIMS:

1. (Once amended) A computer-implemen ed method for communication and cooperative task

completion among a plurality of dis uted electronic agents, comprising the acts of:

registering a description of each acti e client agent's functional capabilities as

U ( corresponding registered fun tionaltapabilities, using an expandable, platform-

~ U2 /independent, inter-agent lan age;

• (receiving a request for service as a ase goal in the inter-agent language, in the form of an

arbitrarily complex goal e pression;

dynamically interpreting the arbi arily complex goal expression, said act of interpreting

further comprising:

generating one or more ub-goals expressed in the inter-agent language;

constructing a goal sati faction plan that includes said one or more sub-goals; and

dispatching each of th sub-goals to a selected client agent for performance, based

on a match be een the sub-goal being dispatched and the registered4 functional c abilities of the selected client agent.

2. (Once amended) A compute -implemented method as recited in claim 1, further including

the following acts of:

receiving a new request or service as a base goal using the inter-agent language, in the

form of anothe arbitrarily complex goal expression, from at least one of the

selected clien agents in response to the sub-goal dispatched to said agent; and

recursively applying he step of dynamically interpreting the arbitrarily complex goal

expression* order to perform the new request for service.

3. (Once amended) A omputer-implemented method as recited in claim 2 wherein the act of

registering a sp ific agent further includes:

invoking the snecific agent in order to activate the specific agent;

instantiating instance of the specific agent; and
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transmitting the new agent pr le from the specific agent to a facilitator agent in response

to the instantiation of e specific agent.

48. (Once amended) An Interagen Communication Language (ICL) providing a basis for

facilitated cooperative task ompletion within a distributed computing environment

having a facilitator agent d a plurality of autonomous service-providing electronic

sv agents, wherein:

the ICL having o e or more features from a set of features comprising:

N 7\ enabling gents to perform queries of other agents;

enabling agents to exchange information with other agents; and

enablin agents to-set triggers within other agents; and

the ICL havin a syntax supporting compound goal expressions wherein said

compo d goal expressions are such that goals within a single request

provi ed according to the ICL syntax may be coupled by one or more

oper ors from a set of operators comprising:

a co junctive operator;

a co ditional execution operator; and

a p allel disjunctive operator that indicates that disjunct goals are to be

performed by different agents.

84. (Once amended) A omputer architecture as recited in claim 71 wherein a planning

component of th facilitating engine are distributed across at least two computer

processes.

85. (Once amended) computer architecture as recited in claim 71 wherein an execution

5component of t e facilitating engine is distributed across at least two computer processes.

86. (Once amended) A data wave carrier providing a transport mechanism for information

communicati in a distributed computing environment having at least one facilitator

agent and at Last one active client agent, wherein said at least one facilitator agent is

operable to onstruct a goal satisfaction plan for satisfying one or more requests for

service fro/ said at least one active client agent, the data wave carrier comprising a signal
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representation of an inter-ag t language description of an active client agent's functional

capabilities.

87. (Once amended) A data w e carrier as recited in claim 86, the data wave carrier further

comprising a correspo ing signal representation of said one or. more requests for service

in the inter-agent lan age from a first agent to a second agent.

88. (Once amended) A ta wave carrier as recited in claim 86, the data wave carrier further

comprising a si al representation of a goal dispatched to an agent for performance from

a facilitator ag t.
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REMARKS

The Examiner is thanked for the performance of a thorough search. By this amendment,

Claims 1-3, 48, and 84-88 have been amended. No claims have been cancelled or added. Hence,

Claims 1-89 are pending in the Application. It is respectfully submitted that the amendments to

the claims as indicated herein do not add any new matter to this Application. Furthermore,

amendments made to the claims as indicated herein have been made to improve readability and

clarity of the claims.

SUMMARY OF REJECTIONS/OBJECTIONS

In the Office Action, Claim 2 is rejected under 35 U.S.C. § 112, second paragraph, as

being indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Claim 3 recites the limitation "from the specific agent to the facilitator agent" and is

rejected under 35 U.S.C. § 112, second paragraph for lacking sufficient antecedent basis for this

limitation in the claim.

Claims 84 and 85 are rejected under 35 U.S.C. § 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Claims 87 and 88 recite the limitation "A data wave carrier as recited in claim 85" and are

rejected under 35 U.S.C. § 112, second paragraph for lacking sufficient antecedent basis for this

limitation in the claim.

Claims 1, 2, 5-11, 15-28, 48-89 are rejected under 35 U.S.C. § 102(b) as being anticipated

by "Building Distributed Software Systems With The Open Agent Architecture" by Martin et al.

Claims 1, 2, 5-11, and 15-25 are rejected under 35 U.S.C. 102(b) as being anticipated by

"Development Tools for the Open Agent Architecture" by Martin et al.
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Claims 3, 29-34, and 38-47 are rejected under 35 U.S.C. 103(a) as being unpatentable

over "Building Distributed Software Systems with the Open Agent Architecture" by Martin.

Claims 4, 12-14 and 35-37 are rejected under 35 U.S.C. 103(a) as being unpatentable

over "Building Distributed Software Systems with the Open Agent Architecture" by Martin 1 in

view of "Information Brokering in an Agent Architecture" by Martin 2.

Claims 3, 29-34, 38-47, 61-71 and 84-89 are rejected under 35 U.S.C. 103(a) as being

unpatentable over "Developing Tools for the Open Agent Architecture" by Martin et al.

Claims 4, 12-14, 26-28, 35-37, 48-60, 72-83 are rejected under 35 U.S.C. 103(a) as being

unpatentable over "Development Tools for the Open Agent Architecture" by Martin 1 in view of

"Information Brokering in an Agent Architecture" by Martin 2.

REJECTIONS UNDER 35 U.S.C. § 112

CLAIMS 2, 3, 84, 85, 87, and 88

In the Office Action, Claims 2, 3, 84, 85, 87, and 88 are rejected under 35 U.S.C. § 112,

second paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which applicant regards as the invention.

Claims 2, 3, 84, 85, 87, and 88 are amended according to the suggestions of the

Examiner. Thus, the amendments to the claims as indicated herein have been made in view of

the Office Action's rejection under 35 U.S.C. § 112, second paragraph and to improve clarity of

the claims.

AFFIDAVITS OF DAVID MARTIN AND ADAM CHEYER UNDER 37 CFR §1.132

Submitted herewith is a declaration under 37 CFR § 1.132 by David Martin. In his

declaration, David Martin avers that: 1) David Martin, Adam Cheyer and Douglas Moran are the

co-authors of the reference, "Building Distributed Software Systems with the Open Agent
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Architecture", 2) David Martin and Adam Cheyer are the only inventors of the subject

application, 3) the reference, "Building Distributed Software Systems with the Open Agent

Architecture" was published in March 1988, which is less than one year from the filing date of

January 5, 1999.

Also, submitted herewith is a declaration under 37 CFR §1.132 by Adam Cheyer. In his

declaration, Adam Cheyer avers that: 1) David Martin, Adam Cheyer and Douglas Moran are the

co-authors of the reference, "Building Distributed Software Systems with the Open Agent

Architecture", 2) David Martin and Adam Cheyer are the only inventors of the subject

application, 3) the reference, "Building Distributed Software Systems with the Open Agent

Architecture" was published in March 1988, which is less than one year from the filing date of

January 5, 1999.

In accordance with MPEP 716.10, David Martin's declaration and Adam Cheyer's

declaration render the reference, "Building Distributed Software Systems with the Open Agent

Architecture" as inapplicable prior art.

REJECTIONS UNDER 35 U.S.C. § 102(b) and § 103(a)

CLAIM 1

Claim 1, as amended, recites in part:

"receiving a request for service as a base goal in the inter-agent language, in the form of
an arbitrarily complex goal expression;

dynamically interpreting the arbitrarily complex goal expression, said act of interpreting
further comprising:

generating one or more sub-goals expressed in the inter-agent language;
constructing a goal satisfaction plan that includes said one or more sub-goals;
dispatching each of the sub-goals to a selected client agent for performance, based on a

match between the sub-goal being dispatched and the registered functional
capabilities of the selected client agent."
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The novel method recited in Claim I requires "constructing a goal satisfaction plan

that includes said one or more sub-goals." None of the cited references disclose, suggest or

render obvious the limitation of "constructing a goal satisfaction plan that includes said one or

more sub-goals." For example, Claim 1 requires constructing a goal satisfaction plan that

includes said one or more sub-goals whenever the sub-goals cannot be generated by a simple

decomposition of the "arbitrarily complex goal expression" in Claim 1. In other words, "a goal

satisfaction plan" is needed to satisfy the "arbitrarily complex goal expression" in Claim 1

whenever there is no direct match between the components of arbitrarily complex goal

expression and the "registered functional capabilities" of the client agents.

Since, none of the cited references disclose, suggest or render obvious the limitations of

Claim 1 including the limitation of "constructing a goal satisfaction plan that includes said one or

more sub-goals", Claim 1 is allowable over the art of record. It is respectfully submitted that

Claim 1 be held in condition for allowance.

CLAIMS 2-28

Claims 2-28 are either directly or indirectly dependent upon independent Claim 1, and

include all the features of Claim 1. Therefore, Claims 2-28 are allowable for at least the reasons

provided herein with respect to Claim 1. Furthermore, it is respectfully submitted that Claims 2-

28 recite additional features that independently render Claims 2-28 patentable over the art of

record. Thus, it is respectfully submitted that Claims 2-28 be held in condition for allowance.

CLAIMS 29, 61, 71 and 86

Claims 29, 61, 71 and 86, each contain the limitation requiring the "construction of a goal

satisfaction plan".
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Claim 29, recites in part, the limitations of:

"constructing a base goal satisfaction plan including the sub-acts of:
determining whether the requested service is available,
determining sub-goals required in completing the base goal,
selecting service-providing electronic agents from the agent registry suitable for

performing the determined sub-goals;"

Claim 61, recites in part, the limitations of:

"the facilitating engine further operable to construct a goal satisfaction plan specifying
the coordination of a suitable delegation of sub-goal requests to complete the
requested service satisfying both the local and global constraints and control
parameters."

Claim 71, recites in part, the limitations of:

"the facilitating engine further operable to construct a goal satisfaction plan including
the coordination of a suitable delegation of sub-goal requests to best complete the
requested service."

Claim 86, recites in part, the limitations of:

"wherein said at least one facilitator agent is operable to construct a goal satisfaction
plan for satisfying one or more requests for service from said at least one active
client agent,"

Thus, Claims 29, 61, 71 and 86 contain limitations that are similar to those described

herein with respect to Claim 1. Therefore, based on the reasons stated herein, it is respectfully

submitted that Claims 29, 61, 71 and 86, are allowable over the art of record for at least the

reasons provided herein with respect to Claim 1. Furthermore, it is respectfully submitted that

Claims 29, 61, 71 and 86 recite additional features that independently render Claims 29, 61, 71

and 86 patentable over the art of record. Therefore, it is respectfully submitted that Claims 29,

61, 71 and 86 be held in condition for allowance.

CLAIMS 30-47, 62-70, 72-85, 87-89
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Claims 30-47, 62-70, 72-85, 87-89 are either directly or indirectly dependent upon

independent Claims 29, 61, 71 and 86, respectively. Therefore, Claims 30-47, 62-70, 72-85, 87-

89 are allowable for at least the reasons provided herein with respect to Claims 29, 61, 71, 86 and

1. Furthermore, it is respectfully submitted that Claims 30-47, 62-70, 72-85, 87-89 recite

additional features that independently render Claims 30-47, 62-70, 72-85, 87-89 patentable over

the art of record. Thus, it is respectfully submitted that Claims 30-47, 62-70, 72-85, 87-89 be

held in condition for allowance.

CLAIM 48

Claim 48, as amended, recites in part:

"the ICL having a syntax supporting compound goal expressions wherein said compound
goal expressions are such that goals within a single request provided according
to the ICL syntax may be coupled by one or more operators from a set of
operators comprising:
a conjunctive operator;
a conditional execution operator; and
a parallel disjunctive operator that indicates that disjunct goals are to be

performed by different agents."

The novel method recited in Claim48 requires that "goals within a single request" are

"coupled by one or more operators from a set of operators". In Claim 48, the set of operators

comprise, a conjunctive operator, a conditional execution operator, and a parallel

disjunctive operator.

None of the cited references disclose, suggest or render obvious the requirement that the

"goals within a single request" be "coupled by one or more operators from a set of operators",
I

such as a conjunctive operator, a conditional execution operator, and a parallel disjunctive

operator. Claim 48 is allowable over the art of record. Thus, it is respectfully submitted that

Claim 48 be held in condition for allowance.
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CLAIMS 49-60

Claims 49-60 are either directly or indirectly dependent upon independent Claim 48, and

include all the features of Claim 48. Therefore, Claims 49-60 are allowable for at least the

reasons provided herein with respect to Claim 48. Furthermore, it is respectfully submitted that

Claims 49-60 recite additional features that independently render Claims 49-60 patentable over

the art of record. Thus, it is respectfully submitted that Claims 49-60 be held in condition for

allowance.

CONCLUSION

For the reasons set forth above, it is respectfully submitted that all of the pending claims

are now in condition for allowance. Therefore, the issuance of a formal Notice of Allowance is

believed next in order, and that action is most earnestly solicited.

If in the opinion of the Examiner a telephone conference would expedite the prosecution

of the subject application, the Examiner is encouraged to call the undersigned at (650) 838-4311.

The Commissioner is authorized to charge any fees due to Applicants' Deposit Account

No. 50-2207.

Respectfully submitted,
Perkins Coie LLP

Date: /9'/ 20 X- -.

Caina M. Tan
Registration No. 45,769

Correspondence Address:

Customer No. 22918
Perkins Coie LLP
P. 0. Box 2168
Menlo Park, California 94026
(650) 838-4300
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VERSION OF CLAIMS WITH MARKINGS TO SHOW CHANGES MADE

1. (Once amended) A computer-implemented method for communication and cooperative

task completion among a plurality of distributed electronic agents, comprising the acts

of:

registering a description of each active client agent's functional capabilities as

corresponding registered functional capabilities, using an expandable,

platform-independent, inter-agent language;

receiving a request for service as a base goal in the inter-agent language, in the form

of an arbitrarily complex goal expression;

dynamically interpreting the arbitrarily complex goal expression, said act of

interpreting further comprising:

generating one or more sub-goals [using] expressed in the inter-agent

language; [and]

constructing a goal satisfaction plan that includes said one or more sub-goals;

and

dispatching each of the sub-goals to a selected client agent for performance,

based on a match between the sub-goal being dispatched and the

registered functional capabilities of the selected client agent.

2. (Once amended) A computer-implemented method as recited in claim 1, further

including the following acts of:

receiving a new request for service as a base goal using the inter-agent language, in

the form of another arbitrarily complex goal expression, from at least one of

the selected client agents in response to the sub-goal dispatched to said agent;

and

recursively applying the [last] step of dynamically interpreting the arbitrarily complex

goal expression [claim 1 ] in order to perform the new request for service.
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3. (Once amended) A computer-implemented method as recited in claim 2 wherein the act

of registering a specific agent further includes:

invoking the specific agent in order to activate the specific agent;

instantiating an instance of the specific agent; and

transmitting the new agent profile from the specific agent to [the] a facilitator agent in

response to the instantiation of the specific agent.

48. (Once amended) An Interagent Communication Language (ICL) providing a basis for

facilitated cooperative task completion within a distributed computing environment

having a facilitator agent and a plurality of autonomous service-providing electronic

agents, wherein:

the ICL having one or more features from a set of features comprising:

enabling agents to perform queries of other agents[,];

enabling agents to exchange information with other agents[,] and

enabling agents to set triggers within other agents[,] and

[in] the ICL having a syntax supporting compound goal expressions wherein

said compound goal expressions are such that goals within a single

request provided according to the ICL syntax may be coupled by one

or more operators from a set of operators comprising:

a conjunctive operator[,];

a conditional execution operator[,] ; and

a parallel disjunctive operator [parallel disjunctive operator] that

indicates that disjunct goals are to be performed by different

agents.

84. (Once amended) A computer architecture as recited in claim 71 wherein [the] a

planning component of the facilitating engine is distributed across at least two

computer processes.
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85. (Once amended) A computer architecture as recited in claim 71 wherein [the] an

execution component of the facilitating engine is distributed across at least two

computer processes.

86. (Once amended) A data wave carrier providing a transport mechanism for information

communication in a distributed computing environment having at least one facilitator

agent and at least one active client agent, wherein said at least one facilitator agent is

operable to construct a goal satisfaction plan for satisfying one or more requests for

service from said at least one active client agent, the data wave carrier comprising a

signal representation of an inter-agent language description of an active client agent's

functional capabilities.

87. (Once amended) A data wave carrier as recited in claim [85] 86, the data wave carrier

further comprising a corresponding signal representation of [request] said one or more

requests for service in the inter-agent language from a first agent to a second agent.

88. (Once amended) A data wave carrier as recited in claim [85] 86, the data wave carrier

further comprising a signal representation of a goal dispatched to an agent for

performance from a facilitator agent.
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1, David L. Martin, declare and affirm as follows:

1. I am a co-inventor, along with Adam J. Cheyer, of the subject matter descnbed and claimed
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of the instant application.
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86 in the instant application

4. Douglas B. Moran is not a 0o-invenVor of the subject matter dscribed in the subject matter

disclosed and claimed in the instant application.

I declare that all statements made herein of my own knowledge are triue and that all statements

made on infomnation and belief are believed to be rue; and fu'ther that these statements were made

with the knowledge that willful false statements and the hike so made are punisable by fine o

imprisonrment, or both, under Section 1001 of Title 18 of the Unites States Code nd that suchwillm

false statements may jeopardize the validity of the application or any patent issued thereon.
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.. The MAILING DATE of this communicati n appears n the cover sheet with the correspondenc address -

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)0 Responsive to communication(s) filed on 25 November 2002.

2a)[-] This action is FINAL. 2b)[ This action is non-final.

3)n-] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims

4)Z Claim(s) 1-89 is/are pending in the application.

4a) Of the above claim(s) _ is/are withdrawn from consideration.

5)1-1 Claim(s) __ is/are allowed.

6)Z Claim(s) 1-89 is/are rejected.

7)1-1 Claim(s) __ is/are objected to.

8)11 Claim(s) __ are subject to restriction and/or election requirement.
Application Papers

9)n-- The specification is objected to by the Examiner.

10)E] The drawing(s) filed on __ is/are: a)EI accepted or b)[-] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)0 The proposed drawing correction filed on _ is: a)l approved b)-I disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.

12)[I The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120

13)-I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)-I All b)-I Some * c)LI None of:

1.1-1 Certified copies of the priority documents have been received.

2.[-] Certified copies of the priority documents have been received in Application No.

3.1E3 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

14)r- Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) El The translation of the foreign language provisional application has been received.
15)[-- Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) 0 Notice of References Cited (PTO-892) 4) [] Interview Summary (PTO-413) Paper No(s). __

2) F1 Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) ] Notice of Informal Patent Application (PTO-152)
3) 0 Information Disdosure Statement(s) (PTO-1449) Paper No(s) 4. 6) l Other:
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DETAILED ACTION

Compact Disc Submission

1. The description portion of this application contains a computer program listing

consisting of more than three hundred (300) lines. In accordance with 37 CFR 1.96(c),

a computer program listing printout of more than three hundred lines must be submitted

as a computer program listing appendix on compact disc conforming to the standards

set forth in 37 CFR 1.96(c)(2) and must be appropriately referenced in the specification

(see 37 CFR 1.77(b)(4)). Accordingly, applicant is required to cancel the computer

program listing appearing in the specification on pages Appendix A.l, file a computer

program listing appendix on compact disc in compliance with 37 CFR 1.96(c) and insert

an appropriate reference to the newly added computer program listing appendix on

compact disc at the beginning of the specification.

Claim Rejections - 35 USC § 103

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

3. Claims 1-89 are rejected under 35 U.S.C. 103(a) as being unpatentable over

"Development Tools for the Open Agent Architecture" by MARTIN1 in view of

"Information Brokering in an Agent Architecture" by MARTIN2.
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As to claim 1, MARTIN1 teaches a computer-implemented method for

communication and cooperative task completion among a plurality of distributed agents

(sub-agents / agents), comprising the acts of: registering a description of each client

agent's functional capabilities, using a platform independent inter-agent language (pg.

5, Each facilitator records the published capabilities of their subagents..."); receiving a

request as a base goal in the inter-agent language (ICL form), in the form of an

arbitrarily complex goal expression (request) (pg. 5, "...and when requests arrive..");

and dynamically interpreting the complex goal expression (request) comprising:

generating one or more sub-goals (sub-request) expressed in the inter-agent language

(ICL) (pg. 5, ...the facilitator is responsible for breaking them down and for distributing

subrequest.."); and dispatching each of the sub-goals (sub-request) to a selected client

agent (agent) for performance ("pg. 5, "...and when requests arrive (expressed in the

Inter-agent Communication Language, described below), the facilitator is responsible for

breaking them down and for distributing sub-requests to the appropriate agents; "For

example, every agent can... and request solutions for a set of goals,..."). It would be

inherent that since the functionalities of an agent are registered with the facilitator that

they are stored registered functional capabilities of that agent and that the request is a

complex goal since the facilitator can be requested to provide solutions for a set of

goals (pg. 5). However, MARTIN 1 does not teach the step of constructing a goal

satisfaction plan.

MARTIN2 teaches an agent architecture for request communication comprising

the step of constructing a goal satisfaction plan (query execution plan) that includes one
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or more sub-goals (sub-queries) and dispatching each sub-goal (sub-queries) to a

selected agent (source) for performance based on a match between the capabilities of

the agent and the sub-goal ("for each chunk, rewrite it as a disjunction of translated sub-

queries where each disjunct is the translation of the sub-query for one of the source s

that can handle that chunk.") (pg. 11-12, Query Processing). Therefore, it would be

obvious to one skilled in the art to combine the teachings of MARTIN 1 with the

teachings of MARTIN2 in order to facilitate query processing (pg. 11).

As to claim 29, MARTIN1 teaches a method to facilitate cooperative task

completion within a distributed computing environment supporting an Inter-agent

Communication Language among a plurality of electronic agents (sub-agents / agents)

comprising: providing an agent registry as disclosed (facilitator storage of published

sub-agents capabilities); interpreting a service request in order to determine a base goal

(via facilitator); determining whether the requested service is available, determining sub-

goals required in completing the base goal (determine solutions for a set of goals)

selecting suitable service-providing electronic agents for performing the sub-goals, and

ordering a delegation of sub-goal requests to complete the requested service (pg. 5,

"The facilitator is responsible for breaking them down and for distributing sub-requests

to the appropriate agents."). However, MARTIN1 does not explicitly mention that the

method is operable in a computer program product or the sending of advice or

constraints. It would be obvious that since an agent can request solutions for a goal to

be satisfied under a variety of different control strategies (pg. 5) that the control

DISH, Exh. 1008, p. 581
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strategies are the advice and constraints. It would also be obvious to one skilled in the

art to generate program code that would entail the method of MARTIN1 and thereby

obvious that the method can be entailed in a computer program product. However,

MARTIN1 does not teach the step of constructing a base goal satisfaction plan.

MARTIN2 teaches an agent architecture for request communication comprising

the step of constructing a goal satisfaction plan (query execution plan) comprising:

determining whether the service is available (determine what set of sources provides

solutions for that predicate), determining sub-goals required in completing the base goal

(determine which are the largest sub-queries that can be treated as chunks and which

sources can handle each chunk); selecting service-providing agents ("which sources

can handle each chunk), and ordering a delegation of sub-gal request to best complete

the requested service ("for each chunk, rewrite it as a disjunction of translated sub-

queries... each translated subquery is labeled with the name of the source by which it is

to be solved."); and implementing the base goal satisfaction plan ("The plan is then

interpreted according to Prolog semantics.") (pg. 11-12, Query Processing). It would

be obvious that since an agent can request solutions for a goal to be satisfied under a

variety of different control strategies (pg. 5) that the control strategies are the advice

and/or constraints. It would also be obvious to one skilled in the art to generate

program code that would entail the method of MARTIN2 and thereby obvious that the

method can be entailed in a computer program product. Refer to claim 1 for the

motivation to combine.
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As to claim 48, MARTIN1 teaches an Inter-agent Communication Language (ICL)

providing a basis for facilitated cooperative task completion within a distributed

computing environment having a facilitator agent (facilitator) and a plurality of electronic

agents (sub-agents / agents), the ICL having a feature for allowing the enabling agents

(client / agent) to perform queries of other agents (pg. 5, Agents share a common

communication language...and may run on any network linked platform."). However,

MARTIN1 does not teach the ICL supporting compound goal expressions.

MARTIN2 teaches the query is a base goal stored in as a compound goal having

sub-goals (pg. 8, "Queries submitted to the Broker are expression... and backtracking in

expressing and processing queries.") and the ICL having expression which may be

coupled by a conjunctive operator (pg. 10, "Although the body of the broker predicate

rule is characterized as a conjunction of predicates."). It would be obvious that since

the base goal (query) is broken down and distributed to as sub-requests to the

appropriate agents or solutions are requested for a set of goals as disclosed in

MARTIN1 that the base goal as a compound goal is broken down based on operators

disclosing where it can be broken down. Refer to claim 1 for the motivation to combine.

As to claim 61, MARTIN1 teaches a facilitator agent (facilitator) arranged to

coordinate task completion (process coordination) within a distributed computing

environment having a plurality of electronic agents (agents / clients), comprising: an

agent registry (storage of records of published capabilities of their subagents) that

declares capabilities of service-providing electronic agents (subagents) currently active
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within the distributed computing environment and that request have constraints and

parameters (control strategies) (pg. 5, The Open Agent Architecture). However,

MARTIN1 does not teach the facilitating engine.

MARTIN2 teaches a facilitator agent (facilitator) having a facilitating engine

(broker agent) (pg. 7, "...the Information Broker agent, working in close cooperation with

the OAA facilitotor.") operable to parse a service request in order to interpret a

compound goal (pg. 7, "The Broker accepts request (queries) from..."; "The Broker

delegates, translates, and relays the appropriate sub-queries to the available source

agents.."; pg. 8, "Each query is syntactically the same as a Prolog goal, usually a

compound goal."), the compound goal including constraints and parameters (built-in

predicates) (pg. 11, "..ICL built-in predicates ( including arithmetic comparisons) are

included with chuncks to be solved by sources."), the service request formed according

to an ICL (pg. 11), the engine further operable to construct a goal satisfaction plan

(query execution plan) specifying the coordination of a suitable delegation of sub-goal

(sub-queries) requests to complete the requested service satisfying the constraints and

parameters (pg. 11, Query Processing). Refer to claim 1 for the motivation to combine.

As to claim 71, reference is made to an architecture that encompasses the agent

of claim 61 above, and is therefore met by the rejection of claim 61 above. However

claim 71, further details the facilitator agent in bi-directional communication with the

electronic agents. MARTIN1 teaches the facilitator can distribute request to the agents
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and the agents can request information via the facilitator (pg. 5), therefore it would be

obvious that the facilitator and agents are in bi-directional communication.

As to claim 86, MARTIN1 teaches a method for information communication in a

distributed computing environment having at least one facilitator agent (facilitator) and

at least one client agent (sub-agent / agents), comprising storing a representation of an

inter-agent language description (ICL registration of capabilities) of a client agent's

functional capabilities (pg. 5, "Each facilitator records the published capabilities of their

subagents.."). However, MARTIN1 does not explicitly mention that the method is

operable in a data wave carrier. It would be obvious and well known in the art that one

skilled in the art would generate program code on a data wave carrier that would entail

the method of MARTINI and thereby obvious that the method can be entailed in a data

wave carrier. However, MARTIN1 does not teach the facilitator agent is operable to

construct a goal satisfaction plan.

MARTIN2 teaches an agent system for information communication wherein a

facilitation agent (broker agent) is operable to construct a goal satisfaction plan (query

execution plan) for satisfying one or more request (query) for service from the at least

one active client agent (source) (pg. 11-12, Query Processing). Refer to claim 1 for the

motivation to combine.

As to claim 2, MARTIN 1 teaches receiving a new request for service as a base

goal from at least one of the selected client agents in response to the sub-goal and
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recursively applying the dynamically interpreting step (pg. 5, "An agent satisfying a

request may require supporting information, and the OAA provides numerous means of

requesting data from other agents or from the user.").

As to claim 3, MARTIN1 teaches the act of registering and transmitting the new

agent profile from the specific agent to the facilitator agent (pg. 5, "Every agent

participating in an OAA-based system defines and publishes a set of capabilities

specifications, expressed in the ICL, describing the services that it provides."). It would

be obvious that an agent that is initially created is instantiated in memory before it is

registered.

As to claim 4, MARTIN2 teaches deactivating a client agent no longer available

to provide services by deleting the registration (pg. 9, Source agents that need to go

offline... so that it can unregister the source and retract its schema mapping rules.").

As to claims 5-10, MARTINI teaches providing an agent registry data structure

that can comprise of symbolic names, data declarations, trigger declarations, and task

and process characteristics (pg. 5, "For example, every agent can install local or remote

triggers on data...").
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As to claim 11, MARTIN1 teaches establishing communication between

distributed agents (pg. 5, ... the facilitator is responsible for breaking them down and for

distributing sub-requests to the appropriate agent.").

As to claims 12-14, MARTIN2 teaches receiving a request for service in a second

language (source schema); selecting a registered agent capable of converting the

second language into the inter-agent language (broker schema); and forwarding the

request for service in a second language to the registered agent for conversion to be

performed and the results returned (pg. 12-13, Queries Expressed in a Source

Schema).

As to claims 15-25, MARTIN1 teaches the base goal requires setting a trigger

having conditional functionality and consequential functionality which can be stored on

the facilitator agent and/or the service providing agent (pg. 5, "For example, every agent

can install local or remote triggers on data...").

As to claims 26-28, MARTIN2 teaches the base goal is a compound goal having

sub-goals (pg. 8, "Queries submitted to the Broker are expression.., and backtracking in

expressing and processing queries."). It would be obvious that since the base goal

(query) is broken down and distributed to as sub-requests to the appropriate agents or

solutions are requested for a set of goals as disclosed in MARTIN1 that the base goal
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as a compound goal is broken down based on operators disclosing where it can be

broken down.

As to claims 30 and 31, MARTIN1 teaches registering a specific agent (agent)

into the agent registry (list of agents capabilities) comprising: establishing a bi-

directional communications link between the specific agent and a facilitator agent

controlling the agent registry; providing a new agent profile to the facilitator agent; and

registering the specific agent with the profile thereby making the capabilities available to

the facilitator agent (pg. 5, "Each facilitator records the published capabilities of their

subagents..."; "Every agent participating in an OAA-based system... describing the

services that it provides.").

As to claim 32, refer to claim 3 for rejection.

As to claim 33, refer to claim 5 for rejection.

As to claim 34, refer to claim 11 for rejection.

As to claims 35-37, refer to claims 12-14 for rejection.

As to claims 38-44, refer to claims 15-25 for rejection.
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As to claims 45-47, refer to claims 26-28 for rejection.

As to claim 49 and 50, MARTIN1 teaches the ICL is platform and language

independent (pg. 5, "The OAA's Inter-agent Communication Language... they are

programmed in.").

As to claims 51-54, MARTIN1 teaches the ICL supports task completion

constraints (triggers) within goal expressions (pg. 5).

As to claims 55-60, MARTIN1 teaches each electronic agent defines and

publishes a set of capability declarations or solvables that describe services and an

interface to the electronic agent (pg. 5, "Every agent participating in an OAA-based

system defines and publishes.. .we refer to these capabilities specifications as

solvables.").

As to claim 62, MARTIN2 teaches the facilitating engine (broker agent) is able to

receive events such as online and offline agents (pg. 8-9, The Broker agent). It would

be obvious that the plan is modified if a particular agent goes offline since that agent is

no longer available.

As to claim 63, refer to claim 5 for rejection.
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