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A
ll rights reserved. N

o part of this book shall be 
reproduced, stored in a retrieval system

, or transm
itted 

by any m
eans, electronic, m

echanical, photocopying, 
recording, or otherw

ise, w
ithout w

ritten perm
ission 

from
 the publisher. N

o patent liability is assum
ed w

ith 
respect to the use of the inform

ation contained herein. 
W

hile every precaution has been taken in the 
preparation of this book, the publisher assum

es no 
responsibility for errors or om

issions. N
either is any 

liability assum
ed for dam

ages resulting from
 the use 

of the inform
ation contained herein. 

International Standard Book N
u

m
b

er: 0-672-21541-1 
Library of C

ongress C
atalog C

ard N
u

m
b

er: 78-57207 

Printed 
in 

the 
U

nited 
States 

of 
A

m
erica. 

P
reface 

A
lthough it d

id not look like a revolution at the tim
e, the 

Intel 
C

orporation introduced the w
orld to the concept of m

icroprocessors 
and m

icrocom
puters w

ith 
its four-bit 4004 m

icroprocessor "chip
." 

The m
icrocom

puter revolution gained m
om

entum
 as im

provem
ents 

w
ere m

ade in earlier integrated circuits, and m
ore and m

ore m
anu

-
lacturers began to produce m

icroprocessor 
integrated circuits and 

m
icrocom

puters. N
ow

 these devices, m
ade from

 one of the chem
ical 

com
ponents of purified sand, 

have begun to truly change 
the w

ay 
in w

hich w
e live. 

Fn the superm
arket, the electronic cash register not only perform

s 
.ill o

f the tasks of its m
echanical predecessor, bu

t it can also p
erform

 
inventory control. Som

e sew
ing m

achines no longer require com
plex 

•u':us 
and cam

s to do special 
stitches. 

Instead, 
a m

icrocom
puter 

controls the position of the needle w
hen a particular stitch is used. 

In 
[\\c near future, you w

ill probably be able to even "teach" your 
•

.(•
w

in
g m

achine the latest stitch. 
Inst(>ad of using a slide rule to perform

 com
plex calculations, cal-

rn
liilo

rs 
can be used that have m

ore "p
ow

er" than state-of-the-art 
coinpntcrs produced 10 or 20 years ago. W

atches 
no longer have to 

be w
ound, and, in fact, the term

s clockw
ise 

and 
counterclockw

ise 
iiiA

v 
s

o
o

n be archaic. T
od

ay, you can even use a checkbook that elec-
h

iu
iic

a
lly 

keeps track of how
 m

uch m
oney you have in your check-

nir, acconnt. N
o longer do you have to balance your checkbook every 

n
id

iilli. 
In 

the not-too-distant future, m
icrow

ave ovens m
ay "know

" 
n

n
i

i
c 

iihont cooking than you do. 
()l 

conrsc, 
to use a m

icrocom
puter to solve a problem

 requires 
I

I
I

P
I

I
I 

luirdiim
re 

and softw
are. 

The hardw
are consists 

of the m
icro-

(•
•

•
sor 

integrated circu
it(s) 

and possibly 
som

e m
em

ory inte-
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grated 
circuits, light-em

itting 
diodes, 

and interface 
electronics 

so 
that the m

icrocom
puter can control peripheral 

devices 
(lights, m

o­
tors, 

valves, 
solenoids, 

or 
gau

ges). 
The 

softw
are 

consists 
of 

the 
sequence of instructions that the m

icrocom
puter executes so that it 

can process data or control peripheral devices. U
nfortunately, the 

design and im
plem

entation of softw
are is not as w

ell defined as the 
design and im

plem
entation of hardw

are. 
Som

e current m
icrocom

puter users program
 their 

m
icrocom

puters 
in the B

A
SIC

* 
program

m
ing language. 

To do this, a BA
SIC

 
inter­

preter, an assem
bly language 

program
, m

ust be stored in from
 5000 

to 8000 m
em

ory locations. This assem
bly language 

program
 enables 

you 
to enter a BA

SIC
 program

 into the m
icrocom

puter and actually 
execute it. L

ike everything else in the w
orld, there 

are 
advantages 

and disadvantages 
to program

m
ing a m

icrocom
puter in the 

BA
SIC

 
language. 

D
ue to the disadvantages 

of using the 
BA

SIC
 

language, 
assem

bly 
language 

is 
often 

used 
w

hen 
program

m
ing 

m
icrocom

­
puters. This is the type of program

m
ing language 

that w
e w

ill 
dis­

cuss in this book. 
T

here is no doubt in our m
inds that assem

bly language 
is 

the 
m

ore difficult of the tw
o to teach and to learn. Y

ou cannot w
rite an 

assem
bly language 

program
 in 10 or 15 m

inutes that w
ill calculate 

the cu
be roots of all num

bers betw
een 

1 and 1000 
to six significant 

digits. U
sing the BA

SIC
 

language, 
you probably 

could. H
ow

ever, 
there 

are 
advantages 

in using 
assem

bly language. 
In fact, 

m
any 

tasks can 
be 

perform
ed using 

assem
bly language 

that 
cannot 

be 
perform

ed using the BA
SIC

 
language, 

particularly in the areas of 
process 

control, 
peripheral 

control, 
high-speed 

calculations, 
and 

real-tim
e data acquisition. In fact, m

ost consum
er products that in

­
corporate 

m
icrocom

puters 
are 

program
m

ed in assem
bly 

language; 
video (television) 

gam
es, m

icrow
ave ovens, sew

ing m
achines, elec­

tronic cash registers (point-of-sale 
term

inals), gasoline pum
ps, and 

blood-pressure 
m

onitors. Therefore, 
assem

bly 
language 

is 
a 

veiy 
pow

erful and useful language 
to learn. 

In the first chapter of this book, w
e do not discuss any assem

bly 
language 

program
m

ing, bu
t rather 

the 
characteristics of the 

8080 
and 8085 m

icroprocessor 
integrated 

circuits. This 
includes 

a 
dis­

cussion of the various registers 
contained w

ithin these tw
o integrated 

circuits. T
hese registers are 

im
portant because you w

ill 
use 

them
 

tim
e and tim

e again in your assem
bly language 

program
s. The 

next 
three chapters deal w

ith the assem
bly language 

instructions that the 
8080 and 8085 can actually execute. Y

ou w
ill not find long, detailed 

program
s in these first few

 chapters, 
since you w

ill not have enough 
fam

iliarity w
ith all of the im

portant instructions to understand long. 

" B
A

S
IC 

i.s a registered trad
em

ark of the trustees of 
D

artm
outh 

C
ollege. 

com
plex program

s. W
hen these iiTstructions are understood, you can 

begin to program
 the m

icrocom
puter in assem

bly language 
so 

that 
it perform

s useful tasks. The 
rem

aining chapters of the book 
deal 

w
ith 

the 
application of 

the 
8080's assem

bly language 
instructions 

to m
athem

atical 
operations, 

num
ber-base conversions, 

and 
input/ 

output device 
(peripheral device) 

control. 
T

h
ere are som

e unusual features of this book 
w

hich w
e 

believe 
that you w

ill appreciate. W
e have not included a chapter on binary, 

octal, hexadecim
al, 

and decim
al num

bering system
s. In som

e of the 
chapters, 

w
e do show

 you how
 som

e of these operations 
are 

per­
form

ed using paper and pencil. H
ow

ever, w
e 

are personally 
m

ore 
interested in the instruction sequence that the m

icrocom
puter 

m
ust 

execute to perform
 these sam

e operations. If you need m
ore inform

a­
tion on basic m

athem
atical 

operations, you can 
find 

it in just 
about 

any other book on com
puter program

m
ing. Y

ou w
ill also 

find 
that 

the program
s in this book can 

be executed on just about any 8080-
based m

icrocom
puter. W

e d
o not have hardw

are or softw
are 

exam
­

ples 
that 

feature 
one 

or 
another 

m
anufacturer's 

hardw
are. 

The 
program

 exam
ples w

ill execu
te equally w

ell on a M
IT

S, Processor 
Technology, Intel C

orporation, N
ational Sem

iconductor 
C

orporation, 
D

igital G
roup, C

ontrol Logic, IM
S A

ssociates, or E &
 L Instrum

ents 
8080-based m

icrocom
puter. O

f course, peripheral devices m
ay vary 

from
 system

 to system
 just as device addresses m

ay vary from
 system

 
l() 

system
. 

In 
the Input/O

utput chapter (C
hapter 

7), w
e have included the 

(•l(-ctrical schem
atic diagram

s for the devices that w
e are controlling 

w
ith 

softw
are. 

A
 

softw
are 

listing 
of 

a 
program

 
that 

controls 
a 

peripheral device is w
orthless 

unless you can see how
 the peripheral 

device 
is actually w

ired 
(interfaced) 

to the 
m

icrocom
puter. 

A
lso, 

il yon w
ant to use a particular program

 on your ow
n m

icrocom
puter, 

von 
w

ill 
probably need the 

schem
atic diagram

 
of 

the 
peripheral 

device 
in order to duplicate the hardw

are. 
In 

the 
first 

three 
chapters of the book, 

w
e have included both 

oelal and hexadecim
al op codes for the instructions being discussed. 

\V
c 

pn^fcn- the octal num
bering system

. 
W

e 
feel 

strongly that 
the 

(>l> 
e()d(\ 

for the 8080's assem
bly language 

instructions 
are 

easier 
In 

rem
em

ber 
in octal, and w

hen you exam
ine 

an octal op code, it 
V. 

easy 
lo determ

ine 
the registers or m

em
ory locations 

that are 
af-

( I led b
y lh(! instruction. If the hexadecim

al 
num

bering system
 

is 
u

sed
, 

(his 
process is very difficult. O

n the other 
hand, m

any p
ro-

I'.iam
m

ers 
prefer the hexadecim

al 
num

bering system
 

because 
they 

oiilv 
hav(>

 
lo 

rem
em

ber 
a tw

o-digit op cod
e rather 

than a 
three-

d
iril 

o
elal 

op code. The 
only conclusion 

that w
e could reach 

w
as 

111 
n

se 
b

olli 
n

iM
n

b
crin

g system
s in our exam

ples. W
e 

recom
m

end 
ilial 

a 
l)e!';in

n
iiig 8080 O

r 8085 program
m

er use octal, sim
ply becau

se 
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it is easier to rem
em

ber. A
t a later tim

e, it m
ay be m

ore convenient 
to use hexadecim

al. If you are unsure of w
hich nu

m
bering system

 
to use, try both and stay w

ith the nu
m

bering system
 

that you are 
the m

ost com
fortable w

ith. H
exadecim

al num
bers are usually found 

in the text bracketed w
ith parentheses; e.g., 

(5F). 
A

nother goal that w
e had w

as to p
rovid

e detailed descriptive ex­
planations of how

 the f)rogram
 exam

ples 
operate. 

W
e 

do not say, 
"H

ere it is, you figure out how
 it w

orks." Y
ou w

ould 
learn very 

little 
if this approach 

w
ere used. 

Instead, 
w

e develop 
program

s, 
starting w

ith the sim
plest sequence of instructions that can 

accom
­

plish a particular task. These program
s often have lim

itations, and 
if they do, w

e ad
d instructions so that the m

icrocom
puter can better 

perform
 either a m

ore general-purpose task or a specific task. There­
fore, w

e design 
the best solution to a problem

, learning from
 pre­

vious 
exam

ples. 
As you go throu

gh this book, you m
ay notice that the 

com
puter 

printouts in the program
 exam

ples 
are in a form

at that is different 
than the form

ats used by other authors. The reason 
that w

e 
have 

chosen the form
at that w

e have is so that new
com

ers 
to 

assem
bly 

language program
m

ing can grasp the concepts 
of assem

bly 
language 

program
m

ing. O
ne 

of the m
ost im

p
ortant concepts is the fact that 

m
ultibyte instructions m

ust be stored in consecutive 
m

em
ory loca­

tions. This concept 
is difficult to grasp if you look at the com

puter 
printouts used as exam

ples in other books. For this reason, w
e have 

w
ritten 

a 
coresident 

editor/assem
bler 

(T
E

A
) 

that 
produces 

the 
listings that w

e felt w
ould be 

m
ost 

appropriate to a book 
on 

as­
sem

bly language 
program

m
ing. It is 

im
portant to em

phasize 
that 

once you learn the principles of good assem
bly 

language program
­

m
ing, 

it 
really 

does 
not 

m
atter 

w
hat 

editor/assem
bler 

softw
are 

package 
you 

use 
for 

assem
bly 

language 
program

 
developm

ent. 
R

em
em

ber, 
editors and assem

blers are only the m
eans to the end. 

They are just tools that are used to aid you in the developm
ent of 

a properly operating assem
bly 

language program
. 

O
ne of the nice features of softw

are is that it is easy to print and 
distribute. B

ecau
se of this, a num

ber of professional and hobbyist 
com

puter m
agazines 

provide listings and source and object 
paper 

tapes or audio cassettes for the program
s in their softw

are libraries. 
Softw

are listings often appear in Electronic 
D

esign, 
C

om
puter 

D
e­

sign, 
and Electronics. 

The hobbyist m
agazines, 

Interface 
A

ge 
(M

c-
Pheters, W

olfe &
 Jones, C

erritos, C
A

 9
0

7
0

1
), SCCS Interface 

(SC
C

S, 
Santa M

onica, C
A

 
9

0
4

0
5

), 
K

ilobaud 
and Byte 

(both of 
Peterbor­

ough, N
H

 0
3

4
5

8
), and D

r. D
ohhs 

Journal 
of C

om
puter 

C
alisthenics 

and 
O

rthodontia 
(M

en
lo Park, C

A
 9

4
0

2
5

) 
also have num

erous pro­
gram

 listings. There are also a num
ber of softw

are libraries, includ­
ing 

the Intel 
U

ser's Library, 
3

0
6

5 
Bow

ers 
A

ve., Santa C
lara, 

C
A

 

9
5

0
5

1
, and the M

icrocom
puter Softw

are 
D

epository, 
2

3
6

1 
E

. 
Foot­

hill Blvd., Pasadena, C
A

 9
1

1
0

7
. Entries in the D

epository are listed 
in Interface 

A
ge 

every m
onth. 

Tychon, Inc., is dedicated to educating the scientist, engineer, and 
electronics/com

puter 
hobbyist 

in the 
areas of 

digital 
electronics, 

m
icrocom

puter 
hard

w
are, 

and m
icrocom

puter 
softw

are. 
W

e 
cur­

rently have m
onthly colum

ns that appear 
in A

m
erican 

Laboratory 
(International 

Scientific 
C

om
m

unications, 
Inc., 

8
0

8 K
ings 

H
igh­

w
ay, 

Fairfield, C
T

 
0

6
4

3
0

), 
the 

T
h

ai 
publication. 

Sem
iconductor 

Electronics 
Journal 

(Science, Engineering and Education C
o., L

td
., 

Bangkok, 
T

h
ailan

d
), 

and 
the 

G
erm

an 
publication, 

Elektroniker 
(Burgdorf, 

Sw
itzerland

). O
ur colum

ns 
also 

appear 
in 

Electronic 
N

ew
s 

(IP
C

 Business Press Pty. L
td

., Sydney, A
u

stralia), H
am

 
R

adio 
(C

reenville, N
H

), C
om

puter 
D

esign 
(C

oncord
, M

A
), and 

R
adio-

Electronics 
(N

ew
 Y

ork C
ity, N

Y
). O

u
r books are currently being 

translated into Italian, G
erm

an, French, 
Spani,sh, and T

hai. 
If you are interested in learning basic digital electronics, 

a tw
o-

volum
e set of books 

in the Blacksburg 
Continuing 

Education 
Se­

ries'™
, entitled Logic 

<Lr M
em

ory Experim
ents 

U
sing TTL 

Integrated 
Circuits, 

w
ill introd

uce you to the su
bject and give you the 

ability 
10 

try student-proven experim
ents. A

nother book in the series, 
In-

Icrfacing 
and 

Scientific 
D

ata 
C

om
m

unications 
Experim

ents, 
has 

been .specifically w
ritten for those engineers, 

scientists, 
and hobby-

i'.ls 
interested 

in asynchronous 
com

m
unications 

techniques 
using 

U
A

U
T

s
. This book includes experim

ents that w
ill perm

it you to use 
;r;vii<'hronous 

com
m

unications 
techniques 

to 
interface 

instrum
en-

l.ilioii to com
puters or other U

A
R

T
-based 

devices. 
Three 

books in 
ih

r 
N

c
iic

s have been w
ritten about the

 
8

0
8

0 
m

icroprocessor/m
icro-

. u
rn

p
n

U
ir: 

The 
8080A

 
Bugbook®

: 
M

icrocom
puter 

Interfacing 
and 

rm
rnnnm

ing, 
and a tw

o-volum
e set, 

Introductory 
Experim

ents 
in 

I >i:'.i(iit I'Jectronics 
cm

d SO
SO

A
 M

icrocom
puter 

Program
m

ing 
and 

In-
irilacing. 

T
hese self-teaching texts describe the design of elem

entary 
m

l. 
iL

icc hardw
are and softw

are and how
 they are applied to prob-

M
. nr., lh(̂

 substitution of softw
are for hardw

are, and m
any other in

-
11 M

'.iing 
topics. 

O
ne 

of our latest 
books. 

M
icrocom

puter—
A

nalog 
t ',nifi-rtcr 

Softw
are 

and 
H

ardw
are 

Interfacing, 
deals entirely w

ith 
m

l
. 

I 
ill!'; digital-to-analog and analog-to-digital converters 

to m
i-

. .... ..in
p

n
lcrs. T

he 
num

ber of titles in the Blacksburg 
Continuing 

iihir.ilioii 
Series™

 
grow

s constantly. T
hey are listed on the inside 

It
..Ill 

. 
l

l
\. 

M 
iii\I I lie program

m
ing concepts that 

are 
presented 

in this 
l

i
a

v
r 

\)c('u incorporated into the m
aterial taught at 

sem
inars 

III.. 
/...../, 

!•. 
II K

^K
istcred tradem

ark 
of 

E 
&

 L 
Instrum

ents, 
In

c., 
D

erb
y, 

C
T 

III, 
I I'i 
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