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Abstract

To date, document identification based on keyword matching strategies has been
the basis of most efforts to provide assistance in accessing information resources on
the Internet. However, in view of the limitations on human browsing time and the
evolution of more capable software agents, we can expect rapid expansion in the use
of fully queryable information sources (such as databases and knowledge bases) and
semiqueryable sources (such as form-based query pages on the World Wide Web, and
collections of Web pages that are structured by textual markups).

The ability to obtain information from a wide variety of queryable and semi-
queryable sources is a prerequisite for the success of many types of software agents.
Providing access to these sources — whether for end users or for software agents act-
ing on behalf of users — poses a number of interesting challenges, many of which can
themselves be addressed using agent-based approaches.

This paper describes a working prototype Information Broker system, developed
within the Open Agent Architecture framework, that provides transparent access to
a variety of information sources, each encapsulated as an independent agent. In this
system, a broker meta-agent provides flexible mediation services, accepting queries
expressed in broker or source schemas, gathering and integrating all available responses
from the relevant sources, and allowing for the addition or deletion, at runtime, of
participating information sources. Other broker features support the use of conversions,
normalizations, and other basic domain knowledge in queries, and persistent queries (for
which the Broker notifies requestors of changes in information sources that could affect
their results). Source agents implement caching and retrieval strategies that alleviate
problems related to the long access times and unreliability of Internet sources.
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1 Introduction

The rapid growth of the World Wide Web and other forms of Internet and intranet access,
and the need for automated assistance in making use of these resources, are now widely
appreciated. The most immediate need, and the one receiving the greatest attention to
date, is in the area of document retrieval; that is, the identification of textual documents
that are relevant to some topic of interest. The topic of interest is generally indicated by
an expression containing keywords, and the goal of the retrieval is to locate documents from
which a human reader can extract useful information. A number of systems — such as NT'T
Data’s InterInfo' in the commercial realm and Amalthaea [11] in the realm of agent research
— are providing increasingly sophisticated approaches to document retrieval.

1.1 Structured and Semistructured Information Souljces

An equally important set of challenges, but one that has not yet become as widely recognized,
exists in the area of structured and semistructured information sources. By structured infor-
mation sources, we mean sources that can be queried by using well-defined, general query
languages, such as relational databases, object-oriented databases, and knowledge bases.

By semistructured information sources, we include a variety of sources that contain sufficient
structure to be treated as databases, even though they do not provide the full generality and
power of a query language. In the context of the World Wide Web, this structure is usually
provided in one (or both) of two ways: by an informal form-based query interface or by the
presence of HTML (HyperText Markup Language) markups and other textual markers used
according to site-specific conventions.

We refer to a semistructured source that provides an informal form-based query interface as
a semiqueryable source. It should be apparent that, even when such an interface is provided,
its “query” capability usually falls far short of the power and generality of a structured
information source. When a source provides structure by textual markers, we call that a
semistructured teztual source.

An example of a semistructured source — in which both types of structure are present —
begins with a Web page that allows one to ask for hotels by filling in one or more of the
following items: a location, a hotel chain, or a class of accommodation (economy, standard,
luxury). This page is semiqueryable, because even though it allows for the construction
of certain simple queries, there are many others that cannot be constructed.? The result
of this query is a list of hypertext links to hotel pages, each of which contains the same
basic data in more or less the same format. Each of these pages is a semistructured teztual
source of information, and each can be transformed into a set of data records, using parsing
techniques, given that the format is known.

L All product names mentioned in this document are the trademarks of their respective holders.
2For instance, one cannot ask, in a single query, for luxury hotels in Amsterdam and economy hotels in
Paris.
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1.2 The Need for Information Brokering

An information brokering system is one that provides coordinated access to a heterogeneous
collection of structured and semistructured information sources. There are three key reasons
why structured and semistructured information sources — and thus, information brokering
systems — will be of rapidly increasing importance in the Internet and intranet worlds. First,
human browsing time is both limited and, at least in the workplace, extremely expensive.
Whereas document retrieval returns a body of text from which a human browser can extract
some required data, date retrieval from structured and semistructured sources returns the
required data itself. Thus, in performing tasks where the data requirements are well defined,
there is significant economic pressure to make use of structured and semistructured sources.

Second, enterprises have large investments in legacy databases, and naturally want to lever-
age these in the context of the World Wide Web. This is especially true in light of the
decentralization of corporate resources, and other trends in business process engineering.
One stralghtforward way to leverage existing databases is simply to make them accessible to
employees via Web interfaces. But the potential for leverage goes much further, when one
considers the variety of ways in which legacy databases can be used in combination with
other enterprise information resources, and with information from sources on the Internet.
One role of information brokering systems is to facilitate the creation and maintenance of
applications that rely on such combinations of information sources.

Third, queryable information sources are an essential requirement for the evolution of soft-
ware agents that provide services within the context of the Internet or an intranet. By
services, we refer not just to document retrieval, but to the full gamut of services that can
be built around networked information. To provide a travel planning service or a stock
tracking service, an agent must be able to retrieve data about a specific domain, in a form
it can make use of — which requires access to structured and semistructured information.
(Although natural language processing technologies have made impressive advances in recent
years, there is still a long way to go before a program could reliably obtain this required data
from unstructured text.) Moreover, many agents will need to access a wide and changing
variety of information sources (consider, for example, an agent that finds the best available
price for some product). As new sources become available, they will need to quickly acquire
access to those sources. Information brokering systems can provide this access in a way that
can be reused by numerous application agents.

1.3 Information Brokering and Agent Technology

Software agents will be very active consumers of the services provided by information bro-
kering systems. We also argue that agent technology yields a promising approach to con-
structing the providers of these services. That is, the individual information sources as well
as the brokering component(s) can very naturally be instantiated as agents, and their efforts
coordinated by using the mechanisms of an agent architecture.

One other general observation may be made here regarding the relationship between infor-
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mation brokering and agent technology: challenges encountered in coordinating access to
information agents may be viewed as special cases of those encountered in coordinating the
activities of all types of agents. Thus, many of the techniques developed to coordinate the
satisfaction of a query by multiple agents may well be applicable to the more general problem
of facilitating the activities of agents in completing various other types of tasks.

To summarize, the role of queryable information sources will expand rapidly in the context
of Internet and intranet resources. Their use in these contexts poses several interesting chal-
lenges. Addressing these challenges is the focus of the Information Broker project, developed
within the framework of the Open Agent Architecture (OAA). Following a brief discussion of
these challenges in the next section, the remainder of this paper describes the system that
has been developed in the initial work on this project. -Section 3 provides an overview of
the system, with background information about the OAA. Section 4 describes the system’s
architecture, and subsequent sections describe its individual components.

2 Challenge Areas

Our focus in this work has been on providing capabilities in two areas: mediation allows
for the transparent interoperation of heterogeneous information sources; flexible retrieval
strategies address issues such as long access times and unreliability of Internet resources.

2.1 Mediation

Mediation is a process that permits a requestor to get information from a wide variety of
sources, without having to be aware of the identities, locations, schemas, access mechanisms,
or contents of those sources. A component that performs mediation presents a single schema
to its requestors, accepts queries expressed in that schema, and handles all the details of
getting the appropriate data from the relevant information sources — each of which is likely
to operate with a different schema.

The capabilities provided by a mediator may be broken down into three subareas: delegation,
translation, and optimization. Delegation is the process of selecting the appropriate sources
from which to satisfy each subquery of a given query. Translation of each subquery into the
schemas of the selected sources must take place before the subqueries are sent to the sources
— and results returned from the sources must be translated back into the schema of the
original query. Optimization results in a query execution plan that obtains results from the
selected sources as efficiently as possible, and exploits parallelism wherever possible.

It should be noted that, in their essence, the problems of mediation are not unique to
networked environments. Some of these problems have already been studied for some time,
under the heading of heterogeneous databases. However, the emergence of the Internet has
triggered a renewed interest in these problems.® This is not only due to the massive volume

30ther projects currently exploring these issues are described in [1], [5], [6], [7], [8], [12], and [13].
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