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The advent of the personal com-
puter has made possible the calcula-
tion of the fast Fourier transform
(FFT) on the small system. Appli-
cations of this powerful design tool
include speech and music analysis as
well as circuit design and development.
Read Fast Fourier Transforms on
Your Home Computer by William D
Stanley and Steven ] Peterson.

page 14

Quite often a software approach to
a problem is easier to implement than
a hardware approach to the same
problem., Tom Munnecke describes the
software used in Designing a Universal
Turing Machine and compares it to a
comparable hardware approach.
page 26

Steve Ciarcia describes a simple but
useful addition to your computer in
Build an Octal/Hexadecimal Output
Display. This circuit can help you to
convert from octal to hexadecimal
{and vice versa) or give you the status
of a byte during program execution.

page 32

Our cover theme this month
(painted by Robert Tinney) is the
game of Life. In Life with Your
Computer, Justin  Milliun, Judy
Reardon and Peter Smart give a
starting point for developing your own
version of this exciting game.  page 45

Researchers probing cellular auto-
mata have used Conway’s game of Life
as a tool in creating a collection of
strange and exciting patterns. In David
Buckingham's article Some Facts of
Life we find a description of dis-
coveries made since the original flurry
of activity several years ago.  page 54

One-Dimensional Life is an intrigu-
ing variant on John Conway’s famous
game. Out of this restricted format
comes a surprising variety of familiar
Life figures such as the flip flop and
glider. Dr Jonathan K Millen feads us
down the Life line in One-Dimensional
Life. page 68

The same folks who brought you
Chess 4.6 now bring you a new, im-
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proved version, Chess 4.7. Read the
story of the epic battle of the mighty
computer and the tenacious, clever
human chess master in an article by
} R Douglas, Chess 4.7 versus David
Levy. page 84

In many microcomputer applica-
tions it is desirable to have a cheap
method for printing numerical data.
Robert H Astmann describes a
way to interface a Texas Instru-
ments 5050M printing calculator to
an 8080A based computer in Inter-
face Your Computer to a Printing
Calculator. page 94

In This BUTE

When building a computer system it
is frequently advisable to have your
most often used basic routines stored
in read only memory so that they will
always be readily available. To make
the best use of read only memory, the
experimenter should be able to pro-
gram his own. GH Gable describes
one system for programming read only
memory in his article, Zapper: A Com-
puter Driven EROM Programmer.

page 100

Are you having trouble affording
enough hardware to support a high
level language such as BASIC? Are you
finding it difficult to program in your
machine’s assembler language? If your
answer to either of those questions is
“ves,” then what you’re looking for
is An Easy Programming System. In
this article, Joe Weisbecker gives an
introduction to hexadecimal interpre-
tive programming, an alternative to
high level languages and assemblers

alike. page 108

Computer aided instruction is an
excellent microcomputer application.
To perform this function correctly,
it helps to have a programming lan-
guage designed for the purpose.
Prof George A Gerhold describes
some of the features such a language

should possess in Teaching with a
Microcomputer. page 124

If you have a need for multiplica-
tion and division circuits and don’t
want to worry about timing diagrams,
read Mike Weed's discussion of some
Clockless Multiplication and Division
Circuits you can work with.  page 728

This month we present the second
half of Chess 0.5 in the series Creating
a Chess Player by Peter W Frey and
Larry R Atkin. The program was
written by Larry Atkin, who is co-
author with David Slate of the world
championship computer chess pro-
gram, Chess 4.6. The program is
written in Pascal and is readily adapta-
ble to personal computers having
Pascal systems such as the UCSD
Pascal project software. page 140

To get the most out of your floppy
disk units, you should know how to
handle the data that will be stored on
them efficiently. A | Halsema intro-
duces us to the concept of Partitioned
Data Sets and briefly describes a
method for implementing them.

page 168

What is the world going to be like
in twenty years? That's a difficult
question to answer, but the chances
are that microcomputers will be part
of it. Lawrence Willard takes a light-
hearted look at one possible future in
his story, The Mother Chip.  page 186

FORTRAN is one of the ante-
cedents to a number of computer
languages. The ever popular BASIC is
in some respects a simplification of
FORTRAN. A number of later lan-
guages build upon the computer
science learning experience which was
FORTRAN and its compilers in the
late 1950s and early 1960s. FOR-
TRAN is even now becoming available
in floppy disk based systems at the
high end of the personal computing
performance range. In this issue,
W Douglas Maurer provides readers
with an article on FORTRAN and lts
Generalizations, good background
reading on an important and still much
used language. page 194
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PASCAL PRAISE

| have just finished absorbing the
Pascal articles and editorial in the August
1978 BYTE. If | were a crowd, I'd carry
you off on my shoulders, cheering.

The pressure of monthly deadlines
seems to have reduced most computerist
periodicals to compendia of “How | Did
This” and “How to Make That.” Recent
themed issues of BYTE, though, show
exceptional maturity and some solid
planning. Your reasoned advocacy of a
powerful, common language, with sup-
portive material gathered into one
reference issue, ranks as the most impor-
tant contribution yet.

Pascal appears satisfactory for all our
purposes. The concept of p-code pro-
vides the mechanism for bringing it to
fruition.

Onward, computerists! The milling
about is over.

Paul F Doering
56 Elmore Rd
Rochester NY 14618

AUTOMATON TRUMPETER LIVES

On pages 105 and 106 of “Antique
Mechanical Computers, Part 2” in
August 1978 BYTE there are references
to automaton trumpeters and a state-
ment that none survive.

| just returned from Europe and ob-
served at the Deutsches Museum in
Munich Germany a life-sized auto-
maton trumpeter. One half (left side)
is clothed and the other half is exposed
so that the mechanism is visible. Pressed
for time, | was not able to find out if it
still operates, or who constructed it.

William Harmon
2662 Grand Summit
Torrance CA 90505

COMPUTERS AND ADVERTISING

| am working on both a book and a
magazine piece about the use of com-
puters in the field of advertising—parti-
cularly in media control, including
production scheduling, space acquisition
and scheduling for print and broadcast
media.

I would be grateful if any BYTE
readers with experience in this relatively
untapped software area could send me
any information they may have, includ-
ing any programming information which
might be helpful.

| am also interested in a program
which not only includes production and
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scheduling control, but carries the whole
program right through to a daily alert
printout, client billing, and acquisition
of advertising space and time.

Maybe I'm asking for too much—but
| have a feeling that someone out there
may have already worked this out or is
at work on it.

In any event, to anyone who would
care to send me information [ can use in
my projected book and article, | would
be most grateful.

Larry Ashman
1624 Dole St #1004
Honolulu HI 96822

SIGNETICS 2650: A CORRECTION

| have just finished reading “How to
Choose a Microprocessor’” by Lou
Frenzel, page 124, in July 1978 BYTE. |
feel that the advice he gives is excellent;
however | also feel compelled to correct
an inaccuracy in his section on the
Signetics 2650. | own and constantly use
a 2650 based microcomputer made by
the Central Data Corp. This is available
in a basic 1 board configuration com-
plete with on board programmable
memory, read only memory, cassette
and video input and outout {lO). It is
expandable to an S-100 system with
floppy disks, 8 K and 12 K BASIC
interpreters, assembler/editor, and de-
bugging program. Central Data also
publishes a regular newsletter to com-
municate with the already large number
of users of this system.

| have programmed PDP-11s, 8080s,
the 2650, and a SC/MP. The 2650
instruction set comes closest to the
power of the PDP-11, and | find it a real
pleasure to use.

Gordon Brandly

RR 2

Fort Sask

Alberta CANADA TS8L 2N8

SOME REFERENCES ON
NETWORKING AND PROTOCOLS

Concerning your editorial in July
1978 BYTE, there are two pieces of
literature which your readers may want
to review. Both concern the Octopus
computer network in use at Lawrence
Livermore lLaboratory in Livermore
CA, which is one of the campuses of the
University of California.

The first article is in Datamation,
April 19 1973, pages 58 thru 63. The
second article is in Computer Design,
July 1978, pages 77 thru 86.

The most impressive points of the
Octopus network design are simplicity of
both software and hardware implemen-
tation; suitability for use with standard,
inexpensive, byte oriented, asyn-
chronous modem hardware; and easy

Continued on page 158

56 GREAT LOCATIONS

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
El Cerrito
Hayward
Los Altos
Los Angeles
Mission Viejo
San Bernardino
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Oaks
Lawndale
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
FLORIDA
Boca Raton
Ft. Lauderdale
GEORGIA
Atlanta
HAWAII
Honolulu
ILLINOIS
Arlington Heights
Downers Grove
Niles
Oak Lawn
Peoria
INDIANA
indianapolis
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Grand Rapids
Southfield
MINNESOTA
Bloomington
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergen County
Morristown
NEW YORK
Buffalo
ithaca
NO. CAROLINA
Charlotte
OHIO
Cleveland
OREGON
Portland
PENNSYLVANIA
Harrisburg
TEXAS
Austin
Dallas
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

WASHINGTON, D.C.

WISCONSIN
Madison
INTERNATIONAL

Sydney, NSW Australia
Winnipeg, Canada

Circle 75 on inquiry card.

Computerland

(205) 539-1200

{415) 8288090
(415) 233-5010
(415) 538-8080
(415) 941-8154
{213) 776-8080
(714) 770-0131
(714) 886-6838
(714) 560-9912
(415) 5646-1592
{408) 253-8080
(415) 572-8080
(707) 5628-1775
(805) 495-3554
(213) 371-7144
(714) 544-0542
{(415) 935-6502

Call Directory Assistance

(303) 7594685
(203) 374-2227
(302) 738-9656

Call Directory Assistance
Call Directory Assistance

(404) 953-0406

Call Directory Assistance

(312) 2556488
(312) 5600193
(312) 967-1714
(312) 422-8080

Call Directory Assistance

Call Directory Assistance

(502} 425-8308.\
(301) 948-7676

(616) 942-2931
(313) 366-8111

(612) 884-1474
(603) 889-5238
(609) 795-5900
(201) 845-9303
{201) 5394077

(716) 836-6511
(607) 2774888

(704) 536-8500
(216) 461-1200
(603) 6206170
(717) 736-1116

(512) 452-5701

Call Directory Assistance

(713) 977-0909

(206) 746-2070
(206) 838-9363
(206) 581-0388

Call Directory Assistance

(608) 273-2020
293753

Call Directory Assistance









DYNABYTE COMPUTERS

ARE ALL BUSINESS
INSIDE AND OUT.

When we designed our new small
business computers, we meant busi-
ness.

As basic as that seems, it is unique.
Just about every other microcomputer
being sold as a small business system
today was originally designed as a kit
for hoobyists.

Every design decision was made
with quality and reliability in mind. The
result is dependable performance and a
solid appearance for business, profes-
sional and scientific applications.

FIRST SMALL SYSTEM WITH
BIG SYSTEM STORAGE

Many applications handle large
quantities of information, so the DB8/2
uses two quad density 5-inch disk
drives with our exclusive Dual Density
Disk Controller for up to 1.2 megabytes
of formatted storage. That’s more
capacity than two single density 8-inch
drives.

If you need more storage, our
DB8/4 has two 8-inch drives with up to
2 megabytes capacity, more than any
other dual floppy disk system on the
market.

OUR SOFTWARE IS
BIG ON BUSINESS

Dynabyte helps you get down to
business immediately. The DB8/2 is the
first microcomputer to offer enough
storage capacity on 5-inch drives to
fully utilize CP/M,* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

* CP/M is a trademark of Digital Research.

TRAN and COBOL programming lan-
guages. Our applications packages in-
clude general ledger, accounts receiv-
able, word processing and many other
CP/M compatible programs.

Reliability is a big consideration in
buying a business computer, so we built
it in. Our edge connectors meet military
specifications, the toughest electronics
manufacturing standard. Our regulated
power supply is designed to meet U.L.
standards, which means the entire sys-
tem runs cool and dependable. And our
cast aluminum enclosures are rugged as
well as attractive.

AND THE BIGGEST
THING OFALL

Customer support. Our support
starts at the factory with testing and
bum-in programs that assure the entire
integrated system is reliable prior to
shipment. OQur completely modular de-
sign allows continuing support in the
field. We maintain a bonded inventory
of all sub-system modules which means
we can deliver replacement sub-
assemblies overnight nearly anywhere
in the continental U.S.

Dynabyte built in little things, too.
Like a fully-populated 12-slot
backplane, switched AC outlets for ac-
cessories, an option for European
power, quiet whisper fans with long-life
metal construction, lighted indicator
switches for Power On and Halt, a
shielded enclosure to protect disk drives
from electro-mechanical interference,
and a fully enclosed power supply for

operator safety.

Since we didn’t cut corners in de-
sign, the price/performance ratios of
our systems make good business sense.

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two 5-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CP/M.

The DB8/1 Computer includes a
4MHz Z-80 processor with one parallel
and two serial /O ports, an EPROM
programmer and up to 4k of ROM; 32k
RAM, and a 12-slot fully-populated
backplane.

The DB8/4 Disk System, designed
to be the mass storage companion to the
DB8/1, includes two 8-inch floppy disk
drives in either single or double sided
configuration for up to 2 megabytes of
mass storage, our Dual Density Disk
Controller, and CP/M.

All three units will be available in
rack mount models.

For a descriptive brochure and
price list, call or write Dynabyte, 1005
Elwell Court, Palo Alto, CA 94303.
Phone (415) 965-1010.

Or better yet, see your local dealer.

DINaBYTE

YOU CAN DEPEND ON IT.

Circle 110 on inquiry card.
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(a)

(b)

x{t)

Fast Fourier
Transforms

Ix€f)]

on Your

Home Computer

f

Figure 1: An arbitrary continuous signal x(t) expressed as a function of time (a) may also be described by its spectrum or
Fourier transform X(f), which is expressed as a function of frequency (b). The relative strength of the spectrum at different fre-
quencies is a measure of the frequency content that comprises the given signal. The concept of.spectrum finds numerous appli-
cations in many varied disciplines including music waveform analysis, communications signal analysis, mechanical vibrations,
oceanography, statistics, and others. In signal analysis, the function x(t) is said to be a time domain representation, and X(f) ¥s
said to be a frequency domain representation.

William D Stanley

Steven J Peterson

Dept of Electrical Engineering
Old Dominion University
Norfolk VA 23508
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The advent of the home computer makes
possible many new and varied applications
both of a general nature and of a scientific
or mathematical nature. One of the latter
applications we have successfully imple-
mented on a personal computer is the fast
Fourier transform, which we will subse-
quently refer to as the FFT, according to
standard usage. Some of the most important
properties of the FFT are described in this
article, and an FFT program written for the
Digital Group Z-80 System using BASIC
is provided.

Continuous Fourier Transform

Before discussing the FFT in particular,
it is desirable to briefly survey some of the
general concepts of the classical continuous
Fourier (pronounced ‘foor-yay') trans-
form. The terminology used refers to time
and frequency since they are among the
most common variables of interest in many
applications, although the theory involved
applies to a variety of different types of
physical phenomena.

Consider the waveform x(t) shown in
figure Ta which is displayed as a function of
time (denoted by t). The waveform can also
be described by the frequencies present in

the signal. This description is called the
spectrum of the time signal and, mathe-
matically, it is the Fourier transform of the
time function. The process of Fourier trans-
formation is represented by the mathemati-
cal function

X(f)=fwx(t)e~j2"“dt

— 00

where X(f) is the Fourier transform of x(t).
[ The constant j is used in electrical engineer-
ing to denote ~/—1, also called i. The num-
ber e, 2.71828, is the base of the natural
algorithms. . . .CM] For all but fairly simple
functions, this mathematical process repre-
sented a formidable operation for many
years. Prior to the development of the digital
computer, many analytical and experimental
methods were investigated for determining
the approximate spectra of functions that
arose in physical systems.

The magnitude of a typical spectrum is
shown in figure 1b and is denoted by IX(f)l,
where f represents the frequency in Hertz
(Hz). For example, if x(t) were a music sig-
nal, strong peaks of the spectrum at low
frequencies would be characteristic of a sig-
nificant amount of bass content such as






drums or tubas. Conversely, many string
instruments such as the violin display
stronger peaks at higher frequencies in the
audio spectrum. The frequency spectrum (or
Fourier transform) thus provides a plot of
the relative weight of different frequencies
that comprise or represent the given signal.

If the Fourier transform or spectrum of a
signal is known, the time function may be
determined from the inverse transformation
which is given by

w0y = f T xe " df

2 {n)
POINT WHERE NEW
] [ /pemoo BEGINS
t
. T N-I TIME INTEGER
(a) S -
X (m)]
\ 4| L
|
[
v ]
P
P
L
|
b
| : } | POINT WHERE NEW
] 1 L /pemoo BEGINS
T T I
I T L4 1 T N R B B
N/2 N-I FREQUENCY INTEGER
> F e (HARMONIC NUMBER)
(b) - fs —{ |

Figure 2: A sampled function of time (a) and its discrete Fourier transform
spectrum (b). The discrete Fourier transform (DFT) functions are used to
approximate the continuous transform functions whenever digital implemen-
tation is to be used. The time function is sampled at N points separated by an
increment T over an interval t, = NT to create a discrete function x(n). The
resulting spectrum X(m) is periodic with a period f; = 1/T and contains N
components within one period with spacing between components F = ] [t,. If
x(n) is a real function, only half or N/2 of the spectral components are
unique. The integers n and m represent the time and frequency integers which
identify the location in the sequence of the time sample (t = nT) and the
frequency component or harmonic number (f = mF).
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Observe that the inverse transform has essen-
tially the same general form as the direct
transform except for the sign of the expo-
nential argument.

The concept of the frequency spectrum
has long played a most important role in
numerous scientific applications and has
been of interest to mathematicians, engi-
neers and scientists of many different dis-
ciplines. Among the areas where spectral
analysis has been employed are sound and
music analysis, communications systems
design, analysis of mechanical vibrations,
ocean wave analysis, statistics and many
others.

Discrete Fourier Transform

The heart of the FFT is a mathematical
operation known as the discrete Fourier
transform (DFT). In the DFT, a set of inte-
gers n and m are defined to represent the
equivalent in a sense of the time and fre-
quency variables, respectively, of the con-
tinuous Fourier transform. This correspond-
ence is best seen by observing the sampled
signal x(n} shown in figure 2a. There are
assumed to be N samples of the signal
spaced T seconds apart. Thus, as n varies
from O to N—1, the N samples of the time
signal are generated. The duration of the
time signal is t, = NT.

The DFT of x(n) is defined by the finite
summation

1 N—1
X(m)=ﬁ Z x(n)w™m"
n=0

where

—j2m

W=e N

The function X(m) represents a discrete
spectrum with m serving the same purpose
in frequency as n did in time. The frequency
increment between successive components is
F= 1/tp so that the spectral component at a
frequency mF is X(m). For x(n) real and for
N time points, a unique spectrum can be
computed only at N/2 frequency points.
Actually, X{m) is periodic in m with N
points in each period, but only N/2 are
unique. X(m) is, in general, a complex func-
tion consisting of a real and an imaginary
part at each frequency. For many applica-
tions, the magnitude spectrum IX{m)! is the
quantity of most significance. Some of the
preceding points are illustrated in figure 2b.

As in the case of continuous signals, an
inverse discrete Fourier transform (IDFT)
can be defined. In this case, the inverse
transformation is






N—1
x(n) = Z X(mw~ ™"

m=0

The resulting function is periodic in the vari-
able n and has N points in one period. Thus,
even if the original time signal were not

x(n

X (5)

X(3)

X{7)

Figure 3: Flow diagram indicating the computations involved in an 8 point
fast Fourier transform (FFT) implementation of the discrete Fourier trans-
form (DFT) function. Significant reductions in computation time are
achieved with FFT realizations of large arrays. For example, the computa-
tion time for a 1024 (2 70) sequence of samples using an FFT js approxi-
mately 1 percent of the time required by direct application of the DFT.
In the chart, two paths merging together in a given column represent a
combination of two quantities in the preceding column. For example,
the first quantity in the second column is obtained by forming x(0) +
WOx(4). The first term is indicated by the dashed line and the second is
indicated by the solid line. The integer in the circle is the power of W. (See
text for definition of W.) The pattern continues until the spectrum appears
in the last column. This particular algorithm for the FFT results in a scram-
bled order for the spectral coefficients as can be seen from the chart. Some
variations result in a natural order but require more internal memory.

periodic, the operation of the IDFT pro-
duces a function capable of providing the
desired results in one cycle, but the pattern
continues to repeat itself if the interval is
extended outside of the basic range.
Observation of the definition of the DFT
reveals that there are approximately N com-
plex multiplications and about the same
number of complex additions required to
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compute the spectrum at one particular
value of m. Since there are N/2 unique
spectral components, the total number of
computations required to generate a com-
plete spectrum is of the order of N2. The
Cooley-Tukey algorithm, published in 1965,
demonstrates one way to perform this
transformation with a number of computa-
tions of the order of N log, (N), which turns
out to be an enormous savings in computa-
tional time for long signal records. The
Cooley-Tukey algorithm, along with subse-
quent variations, is referred to as the fast
Fourier transform (FFT). Thus, the FFT is
a high speed algorithm for computing the
discrete Fourier transform.

While the DFT is a finite summation and
the classical Fourier transform is an inte-
gral transform, the DFT may be used to
closely approximate the continuous function
under many circumstances. Some of the con-
cepts involved with such an approximation
are considered later in this article.

The various FFT algorithms work best
when the number of points in the sample
record is an integer power of 2, ie: N = 2k,
where k is an integer. The form of one of
the basic algorithms is shown in figure 3
for the case of N = 8. Obviously, N = 8 is
far too small for most applications, but the
flow graph is of interest in understanding
the form of the general computational
algorithm. This particular algorithm s
referred to as an /n place algorithm since
at each stage of the computation, the data
may be stored in the same memory loca-
tions from which they were obtained.

Implementation of In Place Algorithm

The in place algorithm previously dis-
cussed was implemented on the Digital
Group Z-80 System using BASIC. The pro-
gram is given in listing 1. The particular
system used had 18 K bytes of memory,
of which about 12 K bytes were required
for the BASIC software. It was determined
that a 256 point transform could be com-
puted with this system and the program
listed uses this capacity. It could be readily
expanded or contracted as the available
memory size dictates. However, the size
selected should be chosen as an integer
power of 2 as previously noted. Thus, the
next smaller size should be 128 and the
next larger size should be 512.

In order to reduce the memory require-
ments, the trigonometric functions are
generated as they are required in the pro-
gram. This approach is not nearly as effi-
cient from the standpoint of computation
time as would be the process of initially
generating and storing the functions in






2 b1
4 N=
6 RE
10 R
20 R
30 R
40 K
500
510
520
530
540
550
560
580
600
610
620
630
640
650

Listing 1: Fast Fourier transform routine
described in text. Lines 10 to 499 are avail-
able for the user to describe the time func-
tion that is to be studied,

M X1(256)¢X2(256)

206 ! L=8 ! P1=3,14159

M -~ GENERATE TIME FUNUTIUN

EM

EM LINE NUMBERS 10-499 ARL USUD TO

EM GENERATE OR INPUT THE TIME FUNCTLUN
EM

PRINT "DO YOU WANT A LISTING
INFUT AS
IF A$="NO"
IF A$-"YES®
B=X1(0)

FOR Z=0 7O N-1

IF ABS(X1(Z)):B THLN B=aABS(X1(2))
NEXT Z

FOR Z=0 TO N-1

FRINT X1(Z)3iTABC41+20&X1(Z),/B) " &k*
NEXT Z

REM - SCALE INFUT
FOR Z=0 TO N-1
X1(Z)=X1(Z)/N

OF THE GENERATED TIMLE FUNCTION *3

THEN 64¢
THEN 500

TIME FUNCTION -

4660 NEXT Z

470
&75
480
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
?50
960
970
975
?80
?85
990
1000
1010
1020
1025
1040
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1165
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
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— FFT IN-PLACE ALGORITHM - -
FRINT® - FFT CALCULATION IN PROGRESS -*
I1=N/2 3 I2#1 t VU=2%P1/N
FOR I=1 TO L

13=0 { I4=I1
FOR K=1 7O I2
X=INT(I3/11)
GOSUB 1300

IS=Y
Z1=COS(V¥I5)
Z2=-SIN(VXIS)
FOR M=13 T0 I4-1
AL=X1(M) ¢ AZ2=X2(M)
B1=Z18X1 (M4I1)-Z2%X2(M+I1)
B2=Z28X1 (M+I1)+Z1%kX2(M+I1)
X1(M)=A1+B1l ! X2(M)=A2+B2
X1(M+11)=A1-B1 ! X2(M+11)=A2-B2
NEXT M

I3=I342%I1 ! JT4=I442%I1
NEXT K
I1=I1/2 ¢
NEXT 1
REM - QUTPUT RESUL IS -~
PRINT*IN WHAT FORM DO YOU WANT THE QUTFUT ?°
PRINT® MAGNITUDE SFECTRUM PLOT (1"
PRINT® TABLE OF VALUES 2
INPUT A

IF A=1 THEN 970

IF A=2 THEN 1130

PRINT*INCORRECT INFUT (1 OR 2)" t GOTO B%90
REM - OQUTPUT MAGNITUDE SPECTRUM PLOT -

B=0

FRINT® - CALCULATIONS IN FROGRESS - *

FOR I=0 TO N.2
X+Z
GOSuUB 1390

IF X3:>B THEN B=X3

NEXT 2

FOR Z=0 TO N/2

X=Z

GUSUR 1390

X4=INT(S55%xX3/B)

C=0

FRINT Z3TAK(S)3*t";

C=Ct1
IF C:X4
PRINT *°*
NEXT Z
GOTO 1240

REM ~ QOUTFPUT TABLE OF VALULS

U=0

Z=0

PRINT "HARMONIC"iTAB(14) "REAL*FiTAB(30)
PRINT*IMAGINARY " $ TAB(50) 5 "MAGNITUDE *

X=U

GOSUB 1390

PRINT UITABC10X$X1(Y)iTAB(30)iX2(Y)iTAR(SO) X3
U=U+1 ¢ Z=Z+1

IF 2>9 THEN 1140

IF U>N/2 THEN 1240

GOTO 1165

REM - TERMINATE 7 -

PRINT"DO YOU WANT ANOTHER ODUTFUT (YES» NO)"#
INPUT AS
IF A$="YES"

REM -

12=2%12

THEN FRINT®=*3 1§ GOTO 1070

THEN 890
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1270 THEN 1240
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420

IF AS<>"NO*
END

REM - SCRAMBLER SUBROUTINE -
Y=0 ! N1aN

FOR W=1 TO L

N1=N1/2

IF X<N1 THEN 1360
Y=Y42"(W-1)
X=X-N1

NEXT W

RETURN

REM - MAGNITUDE
GOSUB 1300
X3=SART(X1(Y)"2 + X2(Y)™2)
RETURN

END

(X3) SUBROUTINE

memory so that they can simply be called
as required. However, where speed is not a
major priority, this approach minimizes
the total memory required. )
Statements 10 through 499 in the pro-
gram represent the particular input signal
for which the transform is being computed.
The time function may be generated by
appropriate equations or an algorichm as
will be demonstrated for several cases later.
For experimental data, the values could
be listed point by point if the function
cannot be readily described by an equation.

Applying the Program

In order to effectively utilize an FFT
program for spectral analysis, it is neces-
sary to understand some of the peculiarities
of the DFT and its relationship to the con-
tinuous Fourier transform. Although the \
time signal may or may not be periodic in
nature, the mathematical form of the DFT
treats the signal as if it were periodic. The
total duration of the time signal is the period
tp, and for the program being considered,
this period contains 256 points. If T is the
time increment between samples, then
tp = 256 T. The spectrum obtained from the
DFT is also periodic and contains N (or
256) spectral components. However, for a
time function that is real (which incidentally
is the case for all signals considered in this
article), it can be shown that half of the
components are ambiguous; ie: they are
similar to the other half and do not repre-
sent any actual spectral information. Thus,
there are N/2 (or 128) meaningful complex
spectral components that are obtained with
the FFT. These components are spaced apart
in frequency by F =1/t,. The value for
m =0 corresponds to the DC component,
m = 1 is the fundamental, m = 2 is the sec-
ond harmonijc, etc. According to sampling
theory, a time signal must be sampled at a
rate at least equal to (practically speaking,
greater than) twice the highest frequency
contained in the spectrum. Thus, if the
highest frequency contained in a spectrum

&






10 REM - GENERATE 25X PULSE

20 FOR Z=0 TO N/4
30 X1(2Z)=1

40 NEXT Z

50 FOR Z=N/4 TO N
60 X1(Z)=Q

70 NEXT Z

10 REM - GENERATE 12.5% FULSE

20 FOR Z=0 TO N/8
30 X1(Z)=1
40 NEXT Z
50 FOR Z=N/8 TO N
60 X1(2Z)=0
70 NEXT Z

10 REM - GENERATE 1000MZ SINE WAVE

20 T=0
30 FOR Z=0 TO N-1

40 X1(Z)=SIN(2%3.14159k1000%T)

S0 T=T+1.953125E-4
NEXT Z

10 REM - GENERATE 1010HZ SINE WAVE

20 T=0
30 FOR Z=0 TO N-1

40 X1(Z)=S5IN(2%3,14159%X1010X%T)

S50 T=T+1.953125E-4
60 NEXT Z

Listing 2: Three different generating routines that can be used with listing 1
as the time functions. The first routine generates a pulse function that lasts
25 percent of the time that is being analyzed. The second routine also gen-
erates a pulse but half as long as the first routine. The third and fourth

routines generate sine waves which are only slightly different.

x{n)

64
POINTS

[t A\
256 POINTS

ol
1

Figure 4: Rectangular pulse for which the FFT s partially displayed in
photos 1 and 2. The pulse is unity for 64 of the 256 points in the time

record and zero for the remainder.

Figure 5: Rectangular pulse for which the
FFT is partially displayed in photo 3. The
pulse js unity for 32 of the 256 points in
the time record and zero for the remainder.
Since this pulse js shorter than the one of
figure 4, the spectrum is broader. In gen-
eral, there is an inverse relationship between
the width of a pulse-like time function and
the width of the frequency spectrum,
This property is an important concept in
signal transmission and results in the re-
quirement of larger bandwidths for trans-
mitting shorter pulse signals,
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x{n)

32
POINTS

is known to be no greater than f,,, the maxi-
mum time between samples (T) should be

chosen to satisfy T < ?h_ If this condition

is not met, there will be a spectral overlap
or aliasing effect which will distort the
spectrum,

For a fixed number of points {such as
256 for the program under discussion), there
is a trade-off between the high frequency
capability and the spectral resolution. In
order to analyze higher frequencies, a
shorter sampling time is required, but this
necessitates a shorter overall period and a
larger increment between successive fre-
quencies. Specifically for 256 points, N/2 =
128; and since N = 0 corresponds to DC, the
highest frequency that can be measured is
127 times the spectral resolution. It is very
important that the sampling rate be chosen
to be greater than twice the highest fre-
quency in the spectrum even if the higher
frequencies are not of interest. If the mini-
mum sampling rate requirement is not met,
erroneous spectral components may appear
at various places in the spectrum.

There are various other properties of -the
DFT that may be important in applying an
FFT program in various situations. Tie
reader is encouraged to consult one of the
references listed at the end of this article or
the many other available sources for more
extensive details, since this article provides
only a brief overview of the theory along
with the details of a workable program for
a home computer. *

Examples

Several examples that illustrate some of
the properties of the FFT are now con-
sidered. The various function programs for
these waveforms are shown in listing 2. The
first example is that of a single rectangular
pulse whose duration is 25 percent of the
total period corresponding to 256/4, or 64
points as illustrated in figure 4. (Due to the

T

tp o
256 POINTS












Designing a Universal Turing Machine
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A Software Approach

Hardware or software; which is best? This
guestion faces many designers when creating
new systems. This article describes a soft-
ware version of a hardware project detailed
in December 1976 BYTE by Jonathan K
Millen in his article “A Universal Turing
Machine," page 114.

The universal Turing machine (UTM) is
elegantly simple and capable of emulating
the instruction set of any computer. The
Turing machine was invented by Alan Turing
(1912-1954). It is an abstract computing
device that contains all the fundamental
properties 4 compuler system must possess
and is used to study computer concepts.
Although difficult to program, its back-to-
basics nature is alluring to anyone interested
in the fundamentals of computers.

The universal Turing machine designed
by Jonathan Milien has two memories: one
for program storage and the other for the
main storage or ‘“‘tape.” The tape is a sup-
posedly infinite (but actually 1024 bits long)
memory which is a seties of 1s and Os. A bit
on the tape is pointed to by a counter
known 4as the head. A program counter
points to a state in the program being exe-
cuted. Each state consists of two instruc-
tions: one to be used if the current bit under
the head of the tape is a 1, the other if itis a
0. Each instruction contains fields describing
whether to write a 1 or a 0 on the tape,
which direction to move the tape (left or
right onc position), and the address of the
next state to be executed.

Each instruction contains the following
information:

Bit O: Write bit. Write this bit on
the tape after the head is
adjusted.

Direction bit. If thisis a0,
move the tape to the left;
if it is a1, move the tape
to the right.

Next state. These six bits
are the number of the next
state to be exccuted.

Bit |:

Bits 2 thru 7:

The reader is referred to Millen’s article
for a complete description of the universal
Turing machine. His design implements
this machine with about 15 integrated
circuits. The memories are 2102s, the head
and program counter are counters, and the
control logic consists of various flip flops,
shift registers, clocks and decoders. The
memories are loaded and examined with
switches and a 7 segment light emitting
diode (LED). The design is capable of
executing about 40,000 instructions per
second.

A Software Approach

The program in listing 1 is the logical
equivalent of Millen’s hardware version
for the Motorola 6800 processor. The pro-
gram storage, tape, program counter and
head are parts ot the computer’s memory set
aside for those purposes. The memory organ-
ization is shown in table 1. The rest of the
logic is programmed via the 6800's instruc-
tion set. Table 2 is a comparison of the
various functions and their implementation
in the two approaches.

The program is a relatively straightfor-
ward programming of the hardware version.
The basic cycle of functions to be performed
is:

® Test the bit on the tape under the
head.

® Write a 1 or 0 according to the write
bit of the instruction indicated by the
program counter and the tape bit.

® Move the tape (adjust the head)
according to the instruction’s direc-
tion bit.

® Set the program counter equal to the
address specified by the address bits
of the instruction.

® (o back to the first step.

Since the 6800 is abyte oriented machine,
the head must keep track of both a byte in
memory dand a bit within the byte. The
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“Let’s just say it has something to do
with a guy called Montezuma.”

“You’re not supposed to drink. ..."”

“Yeah, | know! Don’t drink the water!”

Ray looked at me and decided his prob-
lem still needed attention, even though
I was dying. ‘“‘Steve, | was about to check
the EROM contents against the listing you
gave me when | noticed that it was in octal.
We need to use that EROM tomorrow and
we had better find the error in it tonight. 1
made a hexadecimal dump of the EROM
contents but | still can’t check it against
your listing.”

The response was obvious. ‘“Why don’t
you convert it by hand?”’

“Sure,” said Ray, ““I can convert it, but
a thousand conversions is more than | have
time for tonight. Can we assemble it in
hexadecimal on your system?"’

My temples were starting to throb. |
hadn’t used my computer in three weeks.
Nothing was hooked up and | was in no
condition to either attach and fire up my
own programmer or write the simple algo-
rithm to perform this minor calculation. It
was hard enough for me to remember how
to operate my own system without ex-
plaining the intricacies to Ray.

“Look, Ray, any night but tonight. I've
got it in octal, decimal, hexadecimal, binary,
—anything you want, but not tonight. | just
don’t think | can hack it. You understand,
don’t you?”

He was disappointed, but being a good
friend he understood. “Can | borrow your
T1 programmer and some desk space? A
thousand entries times five button pushes

. shouldn’t take more than an hour or
two. Got your battery charger handy?”’

It seemed a shame to make Ray go to
such lengths. If my system were up it would
take only a matter of seconds to print
out Ray’s listing. It may have been a very
powerful Z-80 computer on any other
occasion but tonight it wasn't processing
anything.

As | reached for the calculator in my
briefcase | spied a relic that might provide
a solution to the problem. “Ray, see that
rectangular box with all the printed circuit
boards plugged into the top of it?”’ I pointed
to a bookcase that contained everything but
books. ‘“‘Bring it here and plug it in, and
search through that pile of tapes over there
until you find one marked with the same
name as your listing. | made a binary dump
on tape at the same time | made your
listing.”” There are some advantages to being
ill—letting others fetch and carry is one of
them.

Relying mostly on Ray’s high level of
hardware expertise, interspersed with what-
ever limited verbal input | could manage, we

successfully fired up my Scelbi-8B 8008
microcomputer. Even though 1 hadn’t
used it for well over a year, the read only
memory based operating system brought it
to life immediately. The recognizable
pattern on the light emitting diode (LED)
display indicated it was ready to read input
data, so | slapped in the cassette that Ray
had found. Fortunately the data was stored
in a format acceptable by both machines,
and totally independent of the processor. |
couldn’t execute the Z-80 EROM listing |
had loaded, but | could display it.

“OK, Ray. Now that we've loaded the
data we can step through it on single step
and look at it on this output port display,
which | built a while back.”

“How’s that going to help?” Ray looked
at the 3 character display as he pressed the
single step a few times. ‘“The 8008 is an
octal machine. Even the data on your
display is coming out octal.” he said.

It was hard to smile but | managed a
slight wvariation on the theme as | said,
“Flip the switch next to the display.”
Instantaneously, the 257 previously dis-
played changed to AF, its hexadecimal
equivalent. ‘

“Hey, that’s not bad, a combination
octal and hexadecimal display! All | have
to do is step through and copy down the
hexadecimal equivalents, right?”’

I nodded and Ray started to write.
Barely ten entries had been made when
his hardware curiosity got the best of
him. “l was thinking of putting one of
these on my system but it looked like too
many components. By the way, | only see
two chips. Where are you hiding the rest?”’

“Remind me to tell you when | recover.”

Build a Combination Octal/Hexadecimal
Display

Some people may consider hexadecimal
displays a trivial addition to an expensive
computer system, but sometimes these little
add-ons make program debugging easier. |
can’t help but wonder whether other com-
puter experimenters would have need for
such a display. | don’t expect it to replace
the video display; but often, when debugging
a program, it’s nice to be able to display a
byte here and there to verify proper program
execution. [t will never replace the stepper
and breakpoint monitor | now use, but
it's great to display keyboard or 10 data
quickly with a single output instruction.

There are many methods to display hexa-
decimal numbers on a 7 segment LED.
Figure 1 and table 1 show an example of the
usual brute force method using a read only
memory as a hexadecimal decoder. Pro-
gramming the 82523 was described in the
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lable 3: Power wiring table tor tigures 1, 2,
3 and 4.

already contains one. The 73405 can simply
be attached to the data bus dat any other
parallel output port and strobed from a
chip select decoder.

Figure 4 is the circuit of the unit similar
to the one Ray used. Two multiplexer
circuits alternate the input connections to
the displays so that when switch 1 (SW1) is
in the octal position, the circuit performs as
figure 2, and when in the hexadecimal
position, as figure 3. The leading character
is blanked when in the hexadecimal mode.
Two of these circuits are combined in the
prototype board of photo 2. The left display
is in the hexadedimal mode showing B7
while the right is in the octal mode display-

In Conclusion

I hope this simple circuit will eliminate
any frustration you may have in the area of
hexadecimal displays.

If you have any comments about this or
any other article | have written, please write
and include a stamped, self-addressed
envelope. The mail volume has risen to the
point where I'm asked similar questions by
many experimenters. A few of these letters
will be included each month in BYTE’s
“Letters” column when appropriate.

One question I’'m often asked is whether
my introductions are true. So far everything
I've written is based upon actual pcople or
events. While | take considerable poctic
license in describing the situations, it is not
necessary to invent fiction when experience
is often so much more humorous.®
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Life With Your Computer

Justin Milliun

Judy Reardon

Peter Smart

W Ossipee Rd

Silver Lake NH 03875

What can you do with your computer?
After hearing about the game of Life, you
may never ask the question again. Within the
capabilities of a very minimal system, Life
gives the computer the kind of job it does
best: an enormous amount of repetitive
logical operations. [The authors’ system
demonstrates this point: it had 2 K memory
and a video terminal at the time of this
writing.] This leaves you, the user, free to
apply your creative energy on this fascin-
ating game.

Developed by John Horton Conway, a
British mathematician at the University of
Cambridge, Life was first described in the
October 1970 Scientific American by
Martin  Gardner in his ‘“Mathematical
Games” column. Its name comes from its
resemblance to changing societies of living
organisms which can grow, move and
occasionally die out.

The Game of Life

An easy way to understand this game is
to imagine an immense gridwork or checker-
board. We call each square in the checker-
board a cell, and the entire board a cellular
space. Each cell is identical and can perform
a number of specific functions. We won't
worry about the edge of the board: let’s
say the space is large enough so that we
never know there is an edge. In the game of
Life, each cell can sense its eight neighboring
cells (as in figure 1). Each cell in our space
is in one of two states: it is either alive, or
not alive (quiescent). The cellular space
changes with time; time advances over the

entire space at once, in steps. Each of these
steps is called a generation.

The rules which determine the state of a
given cell in the next generation are what
give Life its delightful properties. They were
chosen with great care by Conway, with
reasons in mind that will be discussed later.
[For mathematical background information
see the book, Introduction to Artificial
Intelligence by Philip C Jackson, published
in 1974 by Petrocelli-Charter. A discussion
of cellular automata and pointers to several
detailed references are found in chapter 8.]
Let us say there is a pattern of cells in the
cellular space, some living, some not. The
rules tell which presently living cells survive,
which living cells die, and which cells that
are not now alive will be living in the next
generation. The rules are as follows:

® Each cell presently alive which has
either two or three of its eight neigh-
boring cells alive will be living in the
next generation.

® FEach cell presently alive which has
other than exactly two or three live
neighbors will not be alive in the next
generation.

® |f a cell is presently not alive, and
exactly three of its eight neighboring
cells are alive, it will be living in the
next generation.

The above rules are applied all at once in
the program for the game of Life. Every cell
in the space is checked, as are its neighbors.
The fate of that cell in the next generation
is then determined. Note that this will
amount to many thousands of checks in
each generation for a cellular space filling
even a small video display screen.

When the program has been loaded into
the computer and you've entered the
pattern, what can happen as the pattern
evolves? There are a number of possibilities.

Figure 1: The center cell
(0) has eight neighbors, as
does every cell except
those bordering the edges
of the cellular space in any
finite buffer in a computer
program. Treating boun-
dary conditions for a finite
Life buffer is a fine point
of Life program design.

24d

2b

Figure 2: Examples of still
life cell patterns, the block
(a) and the beehive (b).
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Generation O

Generation |

Generation 2

Generation 3

Figure 3: Four generations
of the blinker pattern.
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Types of Patterns

The pattern may die, leaving you with an
empty display as you search your imagi-
nation for another possibility to try.

It may stop at what Conway calls a still
life. A simple example (figure 2} is the
block, another the beehive. These patterns,
when left undisturbed, remain the same
generation to generation (a little more inter-
esting than a blank screen, perhaps).

The pattern may develop a repeating
cycle. The simplest of these is the blinker,
which returns to its original self every other
generation (sec figure 3). A more sophisti-
cated periodically repeating pattern has been
described in the February 1971 Scientific
American. Discovered by G D Collins Jr,
it is called the tumbler (figure 4). It has a
period of 14 generations, but after seven it
is an upside-down copy of the original
pattern; hence its name. Watching the
tumbler change, you will notice that in
every generation there is a row of empty
cells separating two mirror image patterns.
Each half helps keep the other half under
control. If left to itself, half a tumbler will
run over 100 generations before settling
down.

There are patterns which have most
intriguing properties of motion. The glider
shown in figure 5 is one such pattern. It is
so named because the way that it moves
is called glide reflection, or reflection from a
diagonal line. In four generations the glider
produces a replica of itself, facing the same
direction but displaced one square dia-
gonally. After only two generations, it is a
copy of itself pointing 90° from its original
orientation. There are actually just two
unique patterns in the life history of the
glider, but it takes four generations for the
orientation to match that of the original
pattern.

Another example of a moving pattern is
the lightweight spaceship shown in figure 6.
This pattern also requires four generations
to move and to complete a full cycle; it
also has only two unique patterns if we
disregard their orientation. Note that this
pattern moves along a line of cells, as op-
posed to the glider’s diagonal motion.

Finally, patterns exist which continue
indefinitely, forever evolving. (It was not
certain that such infinite patterns should
exist for some time after Life was de-
veloped.)

Figure 4. An example of the tumbler, a
periodically repeating pattern.

Infinite Evolution a Possibility?

Conway selected the rules of ‘Life to meet
the following considerations:

® |t should not be obvious that an initial
pattern will grow without Ilimit.
{Conway specified that cells can die
from overcrowding.)

® |t should seem possible (but not
obvious) that some patterns will grow
without limit.

® Some initial patterns should grow and
change for a considerable period of
time.

As reported in the original Scientific
American series of articles, Conway conjec-
tured that there were no patterns which
would actually grow without limit. At that
time he offered a $50 prize to the first
person to prove or disprove his conjecture.
A short time afterwards a group from MIT
disproved it by their discovery of a glider
gun. The glider gun produces a glider every
30 generations. Since the glider moves away
from its birthplace, we may consider the
glider gun to be a special type of repeating
pattern (see figure 7). The MIT group also
discovered other remarkable events in Life
by observing such things as collisions be-
tween numerous gliders.

Symmetry

A rather curious property in the evo-
lution of many patterns is their tendency to
gain symmetry. As an example, let us begin
with a pattern with only partial symmetry
called the snowflake, shown in figure 8a. In
15 generations it becomes the pattern called
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Introduction

Life is a game that was developed by
Prof John H Conway at the University
of Cambridge and first presented by Martin
Gardner in the October 1970 ‘““Mathematical
Games”’ column in Scientific American.
The game is derived from a field of mathe-
matics known as aqutomata theory (in this
case cellular automata). In the February
1971 *“‘Mathematical Games” column the
game was described again along with a
good introduction to automata theory.

The game is played on a uniform cellular
grid (in this case an area divided into
squares, such as graph paper) where every
cell is surrounded by eight immediate
neighbors (ie: cells touching the center
cell under consideration). Each cell, or
automaton, can be in either a 1 or O state
{on or off — alive or dead). The population
of cells is changed by a set of predetermined
rules. These changes proceed in intervals
called generations.

The rules are as follows:

e If a live cell is surrounded by two
or three live cells in the present
generation, it will remain on (or
live) in the next generation,

Figure 1: Transformation of a Life pattern through three generations. This
process is sometimes referred to as the automation of the pattern. Generation
0 is the original pattern of live cells. The succeeding generations proceed
according to the rules of birth, existence and death.

Figure 2: Example of object contiguity. Group a is considered to be two
distinct objects; groups b and c are considered to be single objects.
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® If an empty cell is surrounded in
the present generation by exactly
three neighbors, the cell will be on
(ie: born) in the next generation,

® If a cell has no neighboring live cells,

or only one neighbor, it dies of lone-

liness and will be turned off in the
next generation.

® |f a cell has four or more live cells |

neighboring it, it will die in the next
generation from overcrowding.

These rules are to be applied simultaneously
to every cell in the pattern. The application
of the rules to every bit in the field consti-
tutes a generation. See figure 1 for an
example of rule applications.

Unresolved Questions

What is a unique object in this universe
of cells? What is a collection of objects?
How do we tell them apart? These are diffi-
cult questions to answer conclusively.
For the purposes of this article, an object
is a cluster of connected bits or cells, a
collection of clusters which will cause
births by being near one another, or a
collection of clusters that prevent some
birth that would otherwise occur. Figure 2
gives some examples of patterns that would
be objects and some that would not.

A collection of distinct objects is re-
ferred to as a constellation. Some con-
stellations are so common that they are
named as though they were a single object.
Some of these are presented in figure 3.

Objects

Most people with access to some sort
of computer have probably had a chance
to observe the variety of patterns that
exist within Life and to note some of the
special properties particular to some of these
objects. In order to be able to manipulate
these objects, they have been classified.

The major groupings of classification
are still lifes, oscillators, spaceships, uniform
propagators, and a catch-all group of random
objects. A rough outline of this system is
shown in table 1. | shail attempt to describe
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each class and some of the objects of par-
ticular note within each class.

Class 1: Still Lifes

Still lifes are objects in which there are
no births or deaths and so remain the same
from generation to generation. These par-
ticular objects are fairly easy to enumerate,
An associate of mine, Peter Raynham,
wrote a program which found all still lifes
of less than 15 bits. The statistics of their
distribution are presented in table 2. Some
of the smaller ones are shown in figure 4.

One of the most practical uses of a still
life is as an eater. An eater is an object
capable of destroying or modifying another
object and being able to return to its original
configuration. Still lifes are good for this
since they are able to attack any configura-
tion at any phase (they are period 1 objects
and do not change).

At present we know of three different
eaters, each able to attack different types
of objects. By differing objects, | mean
objects that have different border config-
urations. Since the eater attacks only the
outside surface of an object, this outer
surface determines which type of eater
might be suitable for use. Each eater will
be described with an object that it can “eat’
to show how that eater works.

The smallest member of the eater family
is the block, shown in figure 4a. The block
is effective in consuming objects that have
one connected bit in the row facing it
{as in figure 5). Its other reason for utility
is the fact that it is very small. In oscil-
lators and spaceship guns, where there may
be little room for the removal of spurious
debris, there is usually enough room for
a block.

The second object of this family is the
most important and versatile. It is the 7
bit still life referred to in figure 4| as the
period 3 eater. This object attacks other

6 7

Figure 5: A block devours a beehive. This process requires seven generations,

as shown here.
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objects that exhibit a flat connected outer
border that is at least two bits long. Fig-
ure 6 shows such an attack. Almost all ob-
jects will develop this type of border if
they expand. This property renders the
period 3 eater invaluable. Although it is
not quite as small as the block, it is still
very much smaller than any other of the
eater family.

The third such object, the period 6
eater, exhibits similarities to the period
3 eater in the way it eats; however it re-
quires six generations to dispose of its
prey and return to its initial state, whereas
the previous eater takes three generations.
This increase in time is important for su¢:-
cess if the object being eaten has left somie
transient debris near the eater. If the eating
mechanism were to reform itself quickly,
this debris could kill the eater. In this case,
the eater does not reform for an extra three
generations, during which time this debris
may well vanish.

Most of the period 6 eater’s prey are the
same as the period 3 eater’s; but both are
able to attack certain additional objects,
complementing each other very nicely.
Figure 7 shows the period 6 eater con-
veniently disposing of a block.

Class 11 Oscillators

Oscillators are nonmoving objects with
periods of two and greater. A blinker, shown
in figure 8a, is a simple oscillator consisting
of three cells alternating in subsequent
generations between a vertical and hori-
zontal row. At present, we know of roughly
150 unique oscillators with a period greater
than two.

There is a large undetermined number
of period 2 oscillators, since they are very
easy to construct. The oscillators have been
subclassified by relating their mechanisms
and their degree of naturalness. (Natural
objects are those which may evolve from
random patterns of live cells without inter-
vention by the experimenter.)

Since there are only two basic ways in
which a period 2 oscillator can work, these
objects are very well defined. Therefore,
they are assigned to their own subclass
(class lla). They must work as flip flops,
on-offs or a combination of the two. In a
flip flop, deaths occur because of wnder-
population. In an on-off, any deaths that
occur are due to overpopulation. (This
is almost always true. Figure 9 is a period
2 oscillator, which if traced, will reveal
that it adheres to both definitions.) A
variety of small period 2 oscillators is
shown in figure 8; the type of each oscil-
lator is also given.

Next in the hierarchy are billiard table
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Figure 19: A puffer train constructed from the precursor to a
B heptomino and two lightweight spaceships. After a startup
period of over 1000 generations. it stabilizes into a period of
140 generations.

Figure 20: A Schick ship puf-
fer train. The engine in this
object is pulled along behind
another object. In this exam-
ple, a heptomino tags along
behind a pair of mirrored
spaceships. This object has a

period of 12. ey
O ,
;
O
000
..

Figure 21: The switch engine puffer train, with a basic period
of 96. After startup, it produces eight blocks every 288
generations after the initial stabilization of debris. Although
much various debris may be created with this train, its slow
speed limits its usefulness.

Figure 22: Several com- a b
mon nonterminal random
objects. These are desig-
nated as follows: a, R
pentomino; b, B hepto-
mino; ¢, m heptomino; and
d, acorn. The acorn is a
Methuselah type object.
Finding all the descend-
ants of such an object is a
difficult challenge.
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Class V: Random Objects

A random object is simply anything
that does not fit in any of the above classes.
It appears that all random objects eventually
become something from one of the above
classes. It has been assumed that there
are no objects that expand Jrregularly
forever (this is a common problem in other
cellular spaces using other rules). There
are some very popular nonterminals in life,
which, due to their commonality, have been
given names. In some cases these have been
rather heavily investigated. In figure 22 are
some of the more common nonterminals and
their names.

The most common object of this class
must be the oft publicized R pentomino
{figure 22a), which many people still believe
runs forever. The result of this pattern was,
however, published in Scientific American;
it runs for 1103 generations, producing
four blinkers, eight blocks, one boat, four
beehives, one ship, one burloaf, and six
gliders.

The B heptomino (figure 22b), with a
census of three blocks, one ship and two
gliders in 148 generations, is one of the more
heavily investigated objects, as is evidenced
by some of the material presented in this
article. It has the following interesting
property: the front configuration of the
object moves along to reappear the same
every other generation, but flipped over.

A close relative of the previous object
is the m heptomino ({figure 22c) with a
census of five blinkers, six blocks and two
ponds in 173 generations. Phase 1 of this
object was called a blasting cap by the
artificial intelligence researchers at Massa-
chusetts Institute of Technology (MIT);
we call phase 3 a house. If you trace the
house for 30 generations, you will notice
that a house reappears at the front of the
debris ten spaces ahead of where it started.
The house does not appear again after this
because the debris catches up with it and
kills it. Many attempts have been made
to stabilize this object, with no success
as yet.

A random object that consists of fewer
than ten bits and that has descendants
enduring for more than 50 generations is
referred to as a Methuselah. The acorn
pattern (figure 22d) is presently the record
holder for duration. This is presented as a
challenge to anyone who would like a diffi-
cult object to trace.

We hope that some of our investigations
into the more exotic corners of Life will
inspire readers to try their hands at this
fascinating pastime.m






Figure 1: The state of a
cell in the next generation
is computed from its pre-
sent state and the states of
the four other cells in its
neighborhood. The neigh-
borhood of a cell consists
of all cells within a dis-
tance of two cells from
the cell in question.
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The game of Life is known to many com-
puter experimenters for its beautiful, sym-
metrical two-dimensional displays and for its
imaginary population of blinkers, beehives,
gliders, and other strange, pseudoliving or-
ganisms. Invented by the British mathema-
tician John Conway, the game was described
in the ‘“Mathematical Games” section of
Scientific American in October 1970 and
February 1971. A series of articles on how
to program it for a home computer also

CELL X TO BE RECOMPUTED

|
row | [efelxde ] |

NEIGHBORHOOD OF CELL X

¢ |

[]

Jonathan K Miflen PhD
661 Main St
Concord MA 01742

appeared in three of the earliest issues of
BYTE (“LIFE Line 1, 2, and 3,” BYTE Sep-
tember 1975, page 72; October 1975, page
34; December 1975, page 48). It is an attrac-
tive home computer software project, but
the program requirements in memory capa-
city, processor speed and display capability
were more than | possessed in my homebrew
machine. The programming effort also
looked formidable. | developed One-Dimen-
sional Life as a small scale substitute.

Conway’s Two-Dimensional Life traces
successive generations of a pattern of cells in
an infinite square array of cells like an un-
colored checkerboard. The generation rules
determine the state of a cell in the next gen-
eration based on its present state and the
states of its neighbors, the eight cells touch-
ing it.

Each cell has two possible states: off and

oo o0

| |
L]
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Figure 2: The generation rules, illustrated here for a few representative cases. Each cell is marked with a dot if it is on, and left
as an empty square if it is off. The next generation of the middle cell in each neighborhood is shown below it. 2a illustrates the
rule that a cell is “born” if and only if it has two or three on neighbors in its neighborhood (in each example, the square being
examined is shown in color). 2b illustrates that a cell survives if and only if it has two or four neighboring on cells. Note that a
cell dies if it has three on neighbors.
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on. A cell is “born” (ie: goes on when pre-
viously off) if exactly three of its neighbors
are on. A cell survives (ie: stays on) with
two or three neighbors on. Otherwise it is
off in the next generation.

In a one-dimensional version, patterns
have to exist in a single row of cells. Each
cell in the row has two cells touching it. |
tried all possible generation rules involving a
cell and its two neighbors, and | was disap-
pointed in & results with all of them. It
finally occurred to me to try a larger neigh-
borhood including not only the adjacent
cells but also the two adjacent to them (see
figure 1). It still took several tries to come
up with generation rules that seemed to
yield a game approaching the richness of the
two-dimens 1al game. The rules illustrated
in figure 2 met my criteria for interest,
which inclt  d the existence of oscillating
patterns wi long periods, patterns with
long lifespans that eventually vanish, and
gliders. The rules can be summarized as fol-
lows: Each cell is viewed with respect toa 5
cell region  luding itself and two neighbor-
ing sights ¢ either side. Cells with two or
three neighbors on are born and those with
two or four neighbors on survive. The rest
are off in the next generation.

The bare rules are rather plain without
some biological “facts of life’’ to dress them
up. The following explanation is offered:

Rule 1: Birth. Cells that are off but
have either two or three neighbors on,
go on.

Rule 2: Survival. Celis that are on and
have two or four neighbors on stay on.
Those with zero or one neighbors on
die from loneliness; those with three
neighbors on die from overcrowding.
What keeps a cell with four neighbors
on from dying is not clear. Maybe
there is just not enough room to lie
down.

Let us trace the life spans of a few pat-
terns. The simplest oscillating pattern con-
sists of two adjacent cells on. Its next gener-
ation has two cells on with two cells off in
between, and the third generation regener-
ates the original pattern. Figure 3 shows
three generations of this pattern. Note that
the successive generations of a one-dimen-
sional pattern form a two-dimensional
pattern.

Another period 2 pattern is the flip flop
in figure 4. A line of five adjacent cells on is
also periodic, but with period 6. Seven gen-
erations of it are shown in figure 5.

A glider is shown in figure 6. It looks the
same in every generation, but in each genera-
tion it moves one cell to the right. It is easily
proved, incidentally, that One-Dimensional
Life, unlike Two-Dimensional Life, has no
stable patterns that repeat in one generation
in the same place.

GENERATION
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|
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Figure 3: The simplest oscillating pattern, consisting of two adjacent cells on.
Three generations are shown, Every second generation recreates the original
pattern, so this pattern js said to have period 2. Its alter ego, the pattern with
two cells on separated by two cells off, also has period 2. The three genera-
tions are separated in order to emphasize that they are separate generations
rather than part of a Two-Dimensional Life configuration.
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Figure 4: A pattern with period 2 that oscillates between the starting pattern
and its mirror image. These kinds of patterns are sometimes called flip flops
in conventional Life terminology. (Note that each line is the complete state
of the Life universe in one generation.)
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Figure 5: A line of five cells that regenerates itself after six generations. In my
experience, this pattern has the longest period of any One-Dimensional Life
pattern.
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Figure 6: A glider pattern, so called because it regenerates itself in a steadily
moving position. This glider has a period of 1.
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Figure 9: Flowchart for
the One-Dimensional Life
algorithm.

BEGIN

Photo 1: One-Dimensional

Life

display. On the

author’s system, 1Is are
represented by excla-
mation points and Os by
blanks. Each line repre-
sents one generation of
One-Dimensional Life.
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BORN:
CELL (N)=I

I

INITIALIZE
N=I

TI=0
T2:0

TO = CELL(N)

l

SUM=T2+TI
+CELL(N+1)}
+CELL(N+2)

DIES:
CELL(N)=O

|

DISPLAY
CELL ROW

SHIFT:
T2=TI
TL =TO
N=N+|

figures: up and down cursor control. Out-
puts were created by decoding the last three
instruction address bits, effectively yielding
eight 1 bit output ports that were strobed
every time an instruction with the appro-
priate address was executed. Two of these
outputs became cursor control outputs.

After all this hardware activity and some
program modifications, the result was the
kind of display shown in photo 1. The
screen has the first 16 generations of a
line of seven cells. This pattern settles down
after 40 generations to a collection of non-
interacting oscillating patterns, but before
that happens it produces one of the most
intriguing displays of its kind, one that |
would never have seen without the help of
a home computer. Of course, readers can
verify these discoveries with any home
computer and share in some of the excite-
ment of exploration which | found.m
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William Englander
1966 Titus St
San Diego CA 92110

The game of Life was developed by John
Horton Conway and was introduced in the
“Mathematical Games” section of the
October 1970 Scientific American maga-
zine. Life is played on a grid of squares (in
this case a 22 by 22 matrix). A given square
is either occupied or empty. The program
user specifies which squares are occupied
initially.

The game of Life program produces new
generations of the matrix by applying life’s

VER 1.4

DIM AC22y22),E(22,22)

INFUT

FRINT *ENTER INITIAL COORDINATESS

INFUT X,Y

IF X+Y=0 THEN GOTO 20

IF (X«1)0OR(X=20)0R(Y<1Y0R(X=20)

X=X+1! Y=Y+1

A(XyY)=ACXyY)+10

FOR XW=X-1 TO X+41! FOR YW=Y-1 TO Y+1
ACXWr YW ZACXW YWD 1

THEN FRINT

"ENTER INITIAL NUMBER OF ITERATIONS®iL
O»0 TO END®

"ERROR RE-ENTER"?:

laws for birth, survival and death to the
present generation. These laws are:

Birth: An unoccupied square becomes

occupied if in the preceding
generation exactly three of the
eight neighboring squares were
occupied (squares that touch
horizontally, vertically or diag-
onally are said to be neighbor-
ing squares).
An occupied square remains
occupied if in the preceding
generation two or three neigh-
boring squares were occupied.
An occupied square becomes
unoccupied if in the preceding
generation fewer than two or
more than three neighboring
squares were occupied.

Survival:

Death:

Text continued on page 82

GOTO 10

NEXT YW:! NEXT XW
GOTO 10
L M b e e e +*
INFUT °*ENTER FAFER SIZE (IN LINES/FAGE)» SET UF FAFER & HIT ENTER"iFP
FOR I=1 TO L STEF 2
FRINT Ls
FOR Y=1 TO 22! PRINT ®"i"i! FOR X=1 TO 22
IF A(XsY)<10 THEN FRINT * *5 ELSE FRINT "C1°}
B(X»Y)=0
NEXT X3 FRINT *"i*! NEXT Y
FRINT L$
FOR J=25 TO F:! FRINT! NEXT J

FOR X=2 TO 21! FOR Y=2 T0 21
AW=A(X,Y)

IF (AW<=3)ANDCAW>13)AND(AW--14) THEN GOTO 30

B(X»Y)=B(XsY)+10
FOR XW=X-1 TO X+1}
EB(XWs YW)=B(XWrYW)+1
NEXT YW: NEXT XW
NEXT Y?: NEXT X

FRINT Ls¢

FOR Y=1 TO 22! FRINT
A(XyY)=0
NEXT X3

FRINT L%

FOR J=25 TO P!

FRINT "1®! NEXT Y
FPRINT?! NEXT J

FOR X=2 TO 21
BW=R(X»Y)

FOR Y=2 T0O 21

FOR YW=Y-1 TO Y+1

"i1"#% FOR X=1 TO 22
IF B(X»Y)><10 THEN FRINT " *5 ELSE FRINT

s )

IF (BW<>3)AND(BW<>13)AND(EW>14) THEN GOTO 40

ACXrY)I=A(XsY)+10
FOR XW=X-1 TO X+1:
ACXW YW)=A(XW, YW +1

NEXT YW: NEXT XW
NEXT Y! NEXT X
NEXT I
INFUT *ENTER NUMEBER OF ADDITIONAL ITERATIONS®#L
IF L=0 THEN GOTO 20
STOF
END

ERRORS DETECTEDR

FOR YW=Y-1 TO Y+1

Listing 1: BASIC E program
and sample run of the game of
Life. A sequence of eight states
of Life demonstrates oper-
ation of the program.
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ROCKVILLE Computercrat, Inc Euro Computer
Compuler Workshop (713) 9770864 Shop Pars
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MASSACHUSETTS Atpha Computer Solutions HOLSTEIN
WALTHAM 1713, 665-0477 Digitronc
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R RICHARDSON 1089) 460-4993
Computer Store of [Tz"; ggg;;gw HOLLAND
313) 9957616 ‘ Romca
ROVALORK UTAH Telox 50463
uter Mart o
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Text continued from page 76

The Life program in listing 1 was written
in BASIC E and run on an IMSAI 8080.
Since it is necessary to reference the present
generation’s matrix while developing the
next generation’s matrix, two arrays, A and
B, are used alternately. When an array ele-
ment represents an occupied square, it is
given a value of 10. 1 is added to it for each
occupied neighboring square (including itself
for convenience). Consequently a square in
the next generation becomes occupied if its
corresponding element in the present genera-
tion array is equal to 3, 13 or 14 {(an empty
square with three neighbors or an occupied
square with two or three neighbors).

Statements 1 through 13 establish the
number of generations to be printed and the
initial occupied squares (in the A array).
Statements 19 through 25 print the contents
of the A array and zero the B array. State-
ments 27 through 34 generate the B array
from the A array. Statements 36 through 42
print the B array and set the A array to zero.
Statements 44 through 52 generate the A
array from the B array and then loop back
to produce the next two generations.®






Chess 4.7 versus David Levy

J R Douglas
25 Cannon Dr
Elk River MN 55330

The Computer Beats a Chess Master

After 29 years, computer chess finally
achieved a victory in human competition at
the master class tournament level. During
the fourth game of a match held at the
Canadian National Exhibition from Au-
gust 26 to September 4 1978, International
Master David Levy resigned to Chess 4.7/
CYBER 176 after 56 moves, although he did
win the tournament, 3% to 1.

David Levy was three years old in 1949,
when the American mathematician and
computer science pioneer Claude Shannon
produced the first paper describing the
methodology for producing chess playing
computer programs. Not until 1956 did any
machine win a game against a human op-
ponent: MANIAC, a system developed at the
Los Alamos Scientific Laboratory, won a
greatly simplified chess game against a
novice player in 23 moves.

12 years later, Levy, expert rated and
Scottish National Champion, attended the
Fourth Annual Machine Intelligence Work-
shop. There he took exception to the views
of }John McCarthy of Stanford University
and Prof Donald Michie of Edinburgh
University, who agreed that within ten
years a computer system would be World
Champion of chess. Levy countered that not
only would computers fall short of that goal,
but they would be unable to defeat Aim in a
tournament style match within that 10 year
period. Neither side was able to shake the
other’s convictions and, as a result, Levy
wagered L1250 sterling that he could defend
against the computer advances.

The machine intelligence community had
expected Levy to be defeated by a large net-
work of computers participating in the
game, until 1970, when a Northwestern
University program called Chess 3.0, written
by Larry Atkin, Keith Gorlen and David
Slate, clearly emerged as the leading effort
in the first US Computer Chess Champion-
ship. David Levy was then 24.

The original feeling of confidence Levy
held must have been somewhat shaken as the
years 1973 and 1974 saw Chess 4.0 achieve a
United States Chess Federation rating higher
than that of the average US tournament
chess player. [Note: the version number of
the program increases along with its skill.]
Then, in 1976 and 1977, when Chess 4.5
and 4.6 won the class B championship at the
Paul Masson Open Chess Tournament and
won outright at the Minnesota Open, Levy
conceded that he had begun to think that his
match with Chess 4.7, “would not be a for-
mality but could be just a bit of work.”

The latter part of 1977 and early 1978
saw a series of 2 game matches between
Levy and Chess 4.6, the Duchess program
from Duke, Greenblatt’s MIT program, and
Kaissa from the USSR. Levy handily de-
feated all the programs in the first game.

Chess 4.7, running on a Control Data
Corp (CDC) CYBER 176, had compiled a
rating of 2030 after 31 tournament games
and a speed chess performance rating of
2450, when the last challenge was given. The
issue was to be resolved on the tenth an-
niversary of the original wager, with play to
begin on Saturday, August 26.

Getting a computer to a chess match,
which was the duty of this author and Dr
Dave Cahlander, is a considerably more
difficult task than getting a human to a
match. Crossing the Canadian border with
microprocessor controlled chessboards, and
setting up and testing telephone lines and
modems between Toronto and the CYBER
176 in Arden Hills MN consumed most of a
week.

The glass box in which the match was
held, standing beside three bowling lanes
and a fencing exhibition, faced a large
demonstration chessboard and seats for on-
lookers. A square of chess tables used in
simultaneous play filled the rest of the
room. Opposite the glass box was the stand

Photo 1: International Master David N L Levy ponders his move while sitting in the glass enclosed booth at the Canadian Na-
tional Exhibition. A crucial position in one of the match games appears on the electronic chessboard, which is connected by
telephone lines to a Control Data Corp CYBER 176 computer.
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Computerland

BUY NOW PAY LATER

. . TEXAS INSTRUMENTS
Innovations in Calculator Technology

Advancements from Texas Instruments are available in
many forms at ComputerLand. Like the Tl Programmable 58 with
plug-in Solid State SoftwareT™™ modules. A Master Library module with
25 pre-written programs, including math, statistics, and finance, is
virtually a tool kit for today’s professional. And there are optional
modules available.

With the Tl Programmable 59, you can use blank magnetic cards to
record custom programs to run individually or with programs in
the library modules. And with the Tl Programmer, fast, accurate
conversions and calculations can be performed in either
hexadecimal, octal, or decimal number bases.

Want more? The PC-100A Printer, Plotter will turn your

Tl Programmable calculator into a quiet, high-speed

printing calculator that prints, lists, and traces your program,

Programmer

A Powerful, Personal S-100 Computer

The Vector 1 digital computer is a powerful, personal com-
puter based on the 8080A or Z-80 microprocessor and the
common S-100 bus structure. Vector 1 has 78 basic machine
instructions and a minimum instruction cycle of two micro-
seconds. There is room for up to 64 K of directly address-
able memory using a parallel 8 bit word/16 bit address
and up to 266 separate input and output devices can be
addressed. For simplicity, reliability, and quality, see Vector
1 and the complete Vector Graphic line at ComputerLand.

j

T VW
WY

The Quality Mini Recording Media

Your data is worthless if you can’t store it safely until you need
it. And not all brands of data storage media provide the safety
you desire. Chances are you’ve already discovered that the
hard way.

Reason enough to buy Verbatim diskettes and storage files

at ComputerLand. Verbatim diskettes, cassettes, and car-
tridges store your data word-for-word until you call for it.
The captured data is then played back bit for bit, byte for
byte, verbatim. That saves your time. And your money.

When you want to be sure of your data, specify Verbatim

at ComputerlLand.

You're always welcome at ComputerLand

AL: Hayward San Mateo CT: GA: Oak Lawn MD: NH: Ithaca OR: Dallas INT'L:

Huntsville  Inglewoad Santa Rosa Fairfield Atlanta Peoria Rockwilie Nashua ®Long Island Portland  Houston Sydney, Austrahia

AR: Lawndale Thousand Oaks DC: HI: IN: Mi: NJ: C: A: WA: Brussets, Belgium

Little Rock Los Altos Tustn Washington  Honoluly Indianapolis Detroit Cherry Hili  Charlotte Harrisburg Bellevue Toronto, Canada
: Mission Viejo  Wainut Creek DE: IL: KA: Grand Rapids Marnistown OH: TN: Federal Way Winnipeg, Canada

Phoenix San Bernardino CO: Newark Arlington Heights®Kansas City  MN: Paramus Cleveland Memphis  Tacoma

CA: San Diego Colorado Springs FL: Downers Grove : Minneapolis  NY: Columbus  TX: Wi ® . .

Dubtin San Francisco  Denver Boca Raton  Niles Lousswille MO: Buffalo Austin Madison oPenmg n

El Certito San Jose Ft. Lauderdale Springfield Clear Lake Mitwaukee December

ComputerLand® Corp., 14400 Catalina St., San Leandro, CA 94577 (415) 895-9363 /
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TRS-80

PLAY CHESS WITH YOUR COMPUTER!

MICROCHESS is the culmination of two years of chessplaying
program development by Peter Jennings, author of the famous 1K
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs
and 16K APPLEs, in 6502 machine language, offers 8 levels of play
to suit everyone from the beginner learning chess to the serious
player. It examines positions as many as 6 moves ahead, and
includes a chess clock for tournament play. MICROCHESS 1.5 for
BRIDGE CHALLENGER by George Dulsman for 8K PETs, Level Il
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person
Contract Bridge against the computer. The program will deal hands
at random or according to your criterion for high card points. You
can review tricks, swap sides or replay hands when the cards are
known. No longer do you need 4 people to play! ........ $14.95

ORDERS: Check, money order or VISA/Master Charge accepted;
programs and cassettes guaranteed. If you have questions, please
call us at 617-783-0694. If you know what you want and have your
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can

PET

APPLE

4K TRS-80s, in Z-80 machine language, offers 3 levels of play {both
Level | and Level |l versions are included and can be loaded onany
TRS-80 without TBUG). MICROCHESS checks every move for
legality and displays the current position on a graphic chessboard.
You can play White or Black, set up and play from special board
positions, or even watch the computer piay against itself! Available
now at a special introductory priceofonly.............. $19.95
STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs, 4K
Level | and || TRS-80s, and APPLEs with Applesoft il: Ten original
simulation games such as Forest Fire, Lost Treasure, Gone Fishing
and Diamond Thief, progressing from elementary to quite complex
with most suitable for schooichildren. Includes a 64 page book
giving flowcharts, listings and suggested modifications ... $14.95

mail your order to the address below. Personal Software™ products
are now available at all Radio Shack® stores throughout the United
States and Canada, and from the PET and APPLE dealers listed
below. New dealers are being added daily. For the name and
address of a dealer near you, call us at 617-783-0694 today!

Radie fhaek

ALASKA

ALPHA ELECTRONICS
601 E Northern Light Bivd
Anchorage. AK 99503

CALIFORNIA

ADVANCED COMPUTER PRODUCTS
1310 B East Edinger
Santa Ana. CA 92705

BYTE SHOP
87 Marina Center
Suisan, CA 94585

CAPITOL COMPUTER SYSTEMS
3396 EI Camino Ave
Sacramento, CA 95616

MARIN COMPUTER CENTER
70 Skyview Terrace
San Raphael. CA 94803

RAINBOW COMPUTING
10723 White Oak Ave
Granada Hiils. CA 91344

SMALL SYSTEM SOFTWARE
2178 Hood Dr
Thousand Oaks. CA 91360

WASHINGTON D.C.

COMPUTER CABLEVISION
2617 42nd St NW #2
Washington. D.C 20007

FLORIDA

FOCUS SCIENTIFIC ENTERPRISES
1601 Biscayne Bivd
Miami. FL 33132

MICROCOMPUTER SYSTEMS
144 S Del Mabry Hwy
Tampa. FL 33609

iLLINOIS

EMMANUEL B GARCIA JR
AND ASSOCIATES

3950 N Lake Shore Dr #2310
Chicago. IL 60613

MASSACHUSETTS

THE COMPUTER STORE, INC
120 Cambndge St
Burhngton, MA 01803

NEW ENGLAND ELECTRONICS
248 Bridge St
Springtield, MA 01103

MICHIGAN

COMPUTERLAND
29673 Northwestern Hwy
Southfteld. Mi 48034

COMPUTER MART OF ROYAL QAK
1800 W Fourteen Mile Rd
Royal Oak, MI 48073

LEVEL FOUR PRODUCTIONS
32020 Cheboygan
Westland, MI 48185

NEW DIMENSIONS IN COMPUTING
541 E Grand River
East Lansing. MI 48823

NEWMAN COMPUTER EXCHANGE
1250 N Main St
Ann Arbor, M| 48104

MINNESOTA

COMPUTERLAND
8070 Morgan Circle Dr
Bioomington, MN 55431

NEW YORK

THE COMPUTER CORNER
White Plains Mall

200 Hamilton Ave

White Plains, NY 10601

THE COMPUTER FACTORY
485 Lexington Ave
New York, NY 10017

COMPUTER MICROSYSTEMS
1311 Northern Bivd
Manhasset, NY 11030

LONG ISLAND COMPUTER
GENERAL STORE

103 Atlantic Ave

Lynbrook, NY 11563

NORTH CAROLINA

BYTE SHOP
218 N EIm St.
Greensboro. NC 27401

COMPUTERLAND
3815 E Independence
Chartotte, NC 28205

MICROCOMPUTER SERVICES
108-110 Arcade Bldg.
Hickory. NC 28601

OHIO

ASTRO VIDEO ELECTRONICS
504 E. Main St.

Lancaster. OH 43130

OKLAHOMA

BUSINESS MICRO SYSTEMS
7228 W. Reno. Rte 5
Oklahoma City, OK 73108

PENNSYLVANIA

A B COMPUTERS
¢/0 Innomark

1411 Callowhill
Perkaste. PA 18944

TENNESSEE

COMPUTER LABS OF MEMPHIS
627 S Mendenhall
Memphis, TN 38117

TEXAS

COMPUTER TERMINAL
2101 Myrtle
El Paso, TX 79901

UTAH

THE HI-FI SHOP
4680 Holladay Blvd
Salt Lake City, UT 84117

VIRGINIA

THE COMPUTER PLACE
2718 Colonial Ave
Roanoke, VA 24015

COMPUTERS PLUS
678 S. Pickett St
Alexandnia. VA 22304

COMPUTER HARDWARE STORE
818 Franklin St
Alexandria, VA 22314

theComputerStore  Computerland’

HOME COMPUTER CENTER
12588 Warwick Blvd
Newport News, VA 23606

WASHINGTON

YE OLDE COMPUTER SHOPPE
1301 George Washington
Richland. WA 99352

CANADA

COMPUTER INNOVATIONS
36 Beechmont Crescent
Ottawa. Ontario K1B 4A8

KOBETEK SYSTEMS
RR #1 Wolfville
Nova Scotia BOP 1X0

ENGLAND

BYTE SHOP
426-428 Cranbrooke Rd
Gants Hill, litord. Essex

PETSOFT SALES
PO Box 9
Newbury, Berkshire RG13 1PB

GERMANY

ING W HOFACKER GMBH
8 Munchen 75
Postfach 437

NETHERLANDS

COMPUTRON
P O. Box 18663
Den Haag 2502 ER

P.0.Box 136-812 Personal Software™ Cambridge, MA 02138
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Nybbles

Z-80 Assembler

Patrick A Crowe

22 Ringsbury Close

Purton

Swindon ENGLAND SN5 9DE

A Z-80 assembler that implements all of the Zilog defined mnemonics is
available from BYTE. This assembler uses the conventions established by
Zilog in the Z-80 Assembly Language Programming Manual. 1t recognizes
uppercase characters for labels, operators and operands. All defined pseudo-
operations have been implemented except for macroinstructions and con-
ditional assembly commands.

The assembler can be implemented in read only memory. It assumes that a
console display and a paper tape reader and punch are available. However,
since the user must supply the input and output routines for the program,
this is not necessary, and the required functions can point to locations in
memory.

The Nybbles Library is an inexpensive means for BYTE readers to share
some interesting but specialized forms of software. These programs are
written by readers with small computers and printer facilities, and are there-
fore designed for particular systems. The algorithms and programming tech-
niques in these programs can be directly used by readers with similar equip-
ment, or can serve as an inspiration for improvisation on computers of
different characteristics.

Potential authors of such programs should send us a self-addressed
stamped envelope, with a request for a copy of our “Guidelines for Nybbles
Authors.” Payment for Nybbles items is based on sales and length of the
item. Rates are set at the time of acceptance.

Nybbles Library programs are sent in listing form, printed on 8.5 by 11
inch paper on both sides. The Nybbles Library programs are 3 hole punched
for collection in loose leaf binders, and come in an attractive folder which
serves as a cover.

This month “The Z-80 Assembler” (# 101) has been added to the Nybbles
Library. To order your personal copy, at $4 postpaid, fill out the coupon
below.

Please send copies of BYTE Nybble # at$ postpaid.

Check Enclosed

Bill my BAC ¥ Exp Date
Bill my MC & Exp Date
Namo
Street
City State 2ip Code

N t E '88 BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

You may photocopy this page if you wish to keep your BYTE intact.
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at
these stores.

Arizona

Byte Shop, Tempe., AZ

Byte Shop, Tucson., AZ

California

Jade Computer Products,
Hawthorne, CA

Byte Shop, Lawndale, CA

Computer Center, San Diego, CA

Byte Shop, SanJose, CA

Byte Shop, San Rafael, CA

Computer Store, Santa Monica, CA

Connecticut

The Computer Store, Windsor Locks, CT

Colorado

Computer Technology. Denver, CO

Hawaii

Microcomputer System, Honolulu, Hl

Ilinois

[llinois Microcomputers, Naperville, IL

Iowa

Memory Bank, Davenport, [A

Kansas

Computer Systerms Design, Wichita, KS

Louisiana

Microcomputersof New Crleans, LA

Massachusetts

CPU Shop, Charlestown. MA

Computer Mart, Waltham, MA

Michigan

Newman Computer Exchange,
Ann Arbor, MI

United Microsystems Corporation,
Ann Arbor, MI

Hobby Electronics, Flint, MI

Computer Mart, Royal Oak, MI

Nebraska

Omaha Computer Store, Omaha, NE

New Hampshire

Computer Mart, Nashua, NH

New Jersey

Computer Mart, Iselin, NJ

New York

Mini-Micro Mart, Syracuse, NY

Ohio

Cybershop Microcomputer Systems,
Columbus, OH

Dayton Computer Mart, Dayton, OH

21st Century Shop
Cincinnati, OH

Oregon

Real Oregon Computer Company,
Eugene, OR

Computer Pathways Unlimited,
Salem, OR

Texas

Micro Mike's, Amarillo, TX

Interactive Computers,
Houston, TX

Byte Shop, Richardson, TX

Virginia

Computers Plus, Alexandria, VA

The Computer Place, Roancke, VA

Washington, D.C.

Georgetown Computers,
Washington, DC

Computerland
at most stores

Integral Data Systems, Inc.
) 14 Tech Circle, Natick, MA 01760

(617)237-7610


















state on each memory access. This had the
effect of reducing program execution speed
to the point where it was not possible to
determine when the desired column was
active and thus to output the appropriate
row signal before the termination of the
same 40 wus column signal pulse. Instead,
INTER actually scans the column inputs
until the column to the immediate left of
the desired column is sensed active. Then
there is a software delay, after which the
correct row output is activated. Next there
is a second software delay, after which all

Op
Label Code Operand Commentary
LHLD POINT . load HL with memory data pointer
MOV CcM™M ; toad C from memory with 2 low order digits
INX H
Segment MOV B.M ; load B from memory with 2 high order digits
of INX H
Main SHLD POINT : save memory data pointer
Program: CALL QUTPR . enter the four digits
MV C,0CH P
CALL LINE ; terminate the line
CALL SKIP ; skip a line
OUTPR: MOV AC . get 2 low order decimal digits
STA SAVE+) . save
MOV A.B . get 2 hugh order decimal digits
MVI B0 . clear B reg for INTER
CALL PR2DI ; enter 2 high order digits
LDA SAVE+1 ; retrieve 2 low order digits
JMP PR2Di ; enter 2 low order digits
PR2D} STA SAVE ; save low order digit
RRC
RRC
RRC
RRC ; BCO vaiue for digit to be entered now
accuptes right side of accumulator
ANI OFH : clear left side of accumulator
MOV CA
CALL INTER ; enter the high order digit
LxI D,0F000H
CALL DELAY : delay for calcuiator response time
LDA SAVE ; retrieve low order digit
ANI OFH
MOV CA
CALL INTER ; enter the low order digit
LXI D,0FO00H
JMP DELAY
SKIp: MVI C,08H . paper advance
LINE: CALL INTER
LX} D.0
Jmp DELAY ; delay for thermal print head response and paper advance
INTER: Xt H,CLVCT . HL points to head of column vector table
DAD B . HU points to correct column vector byte
MOV DM ; load D reg. with column vector
Lxi H,RWVCT ;. HL points to head of row vector table
DAD B . HL points to correct row vector byte
COL: IN PORTB , read status of column signals
ANA D . 15 desired column active?
Jz coL ; No, keep looking
MOV A M . Yes, prepare to cutput row signal
MVI C,0FCH . initialize first delay counter
WAIT1 INR C
INZ WAITY
ouT PORTC . time to output raw signals
MV C,0FQH . initialize second delay counter
WAIT2: INR C
INZ WAIT2
XRA A ; clear accumulator
ouT PORTC ; reset row signals
RET
DELAY: INR 3
INZ DELAY
iINR D
JNZ DELAY
RET

Listing 1: Assembly language program for interfacing an Intel 8080A pro-
cessor to a Texas Instruments 5050M printing calculator using an 8255 pro-

grammable peripheral interface. Row vector and column vector (RWVCT and

CLVCT) contents are listed in table 1. The first section in the list is the por-
tion of the main program that calls the routines.
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row outputs are zeroed. The initial values
for the software delay counters were deter-
mined experimentally (ie: they were ad-
justed until the calculator consistently
printed a character each time INTER was
called).

The entries in the column vector table
are set up so that a 01 vector will recognize
column 1, 02 will recognize column 2, etc.
Since INTER looks for the column to the
immediate left of the column contain-
ing the desired character, characters in
column 1 (ie: C, %, x, etc), cannot be
printed unless INTER is modified to enable it
to recognize when column 5 is active, then to
delay for about 7.1 ms (ie: until column 1
is active) before outputting a row signal.

Just above INTER in the software hier-
archy is PR2DI, the routine which enters
two decimal digits. The source listing shows
that INTER is called twice by PR2DI.
Each call to INTER is followed by a soft-
ware delay to allow the calculator chip to
store the entered digit and return to the
scan mode. (The digits are not printed,
since the complete line of digits has not yet
been terminated.) The two desired digits
are passed to PR2DI in BCD form via the
accumulator.

in my application, the largest number to
be printed is four digits long. Hence the
routine OUTPR enters four decimal digits
by calling PR2DI twice. The BCD values
for the four digits are passed to OUTPR
via the BC register pair.

Finally, a segment of the main applica-
tion program is shown. A series of 4-digit
numbers is printed as they are fetched from
memory. These numbers are already stored
in BCD form in memory since they are the
result of arithmetic operations that were
followed by the 8080's decimal adjust
instruction. First, the BC register pair is
loaded with the codes for the four decimal
digits. The memory data pointer must then
be saved in scratchpad programmable
memory since the HL register pair will be
used by INTER. Next, OUTPR is called to
transfer the four digits to the calculator.
Following this operation, the calculator is
waiting for either more digits or a line
termination. The 5050M can be made to
terminate and print a line by means of an
operation keystroke or by using the #/S
key. (If this key is pressed after an operation,
it is interpreted as a request to print a sub-
total. If pressed after a series of digits have
been entered, the numbers are printed and
the line is terminated with a “#"'. These
numbers are ignored by the calculator, but
serve as an index for the benefit of the
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Figure 1: The address and data information for the Zapper is multiplexed through the PIA ports PAO-PA7 while control signals
are presented on PBO-PB2. PBO is connected to the enable pin of the upper 8212 which latches the lower eight bits of the
address. The high two bits of the address are loaded and latched on the lower 8212 by PBI]. The data byte is latched by the PIA.
When PB2 goes high, program power is gated to the program pin of the 2708 by the 3 transistor high current gate in the lower

right.
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PROGRAM ZAPPER

THIS LISTING WAS PREPARED
FROM A HAND ASSEMBLED SOURCE

N % v we v we

0200 A9 FF AP LDA S$FF INITIALIZE CYCLE
0202 AS 05 STA CYR COUNT TO 255

0204 8D 01 17 STA PADD SET P1A DIRECTION
0207 A9 7F LDA S7F REGISTERS FOR

0209 8D 03 t7 STA PBDD OUTPUT PORTS

020C A9 00 LDA $00 SET CONTROL PORTS
020E 8D 02 17 STA PBD TO "™OFF"

0211 20 71 02 JSR MSG WAIT FOR PROG POWER
0214 A2 00 LDX $00 SET INDIRECT INDEX
0216 AS 00 NXCY LDA BSL TRANSFER STARTING
o2t8 85 10 STA LRL ADDRESS TO LOCATION
021A AS 0} LDA BSH REGISTER

021C 85 11 STA LRH

021E 20 3F 02 NXAD JSR BURN BURN PULSE

0221 E6 10 INC LRL INCREMENT

0223 DO 02 BNE Al LOCATION REGISTER
0g25 E6 11 INC LRH

0227 AS 10 At LDA LRL

0229 CS5 02 CMP PEL COMPARE LOCATION
022B DO F1 BNE NXAD REGISTER WITH END
022D AS 1} LDA LRH ADDRESS TO CHECK
022F C5 03 CMP BEH FOR END OF BLOCK
0231 DO EB BNE NXAD

0233 €6 05 DEC CYR DECREMENT CYCLE
0235 DO DS BNE NXCY COUNT

0237 A9 07 Lba $07 RING TTY BELL

0239 20 A0 1E JSR OUTCH WHEN DONE AND

023C 4C 4F 1C JMP MONITOR RETURN TO MONITOR

023F

Listing 1: The Zapper program programmable memory starting address
(BSL,BSH) and ending address plus one (BEL,BEH) are set before execu-
tion. The driving program sets up the PIA ports as outputs and insures that
the control lines (PBD) are off (zeros) before programming power is applied.
The loop through the addresses in the location register (LRL,LRH) supplies
a burn pulse for each location. The cycle is repeated so that each location
receives 255 pulses. The end of the program is signaled by the Teletype bell
or terminal signal.

H

H PROGRAM ZAPPER/BURN

3
023F A9 01 BURN LDA %01 OPEN LOW ADDRESS
0241 8D 02 17 STA PBD BUFFER
0244 AS 10 LDA LRL GET LOW ADDRESS AND
0246 8D 00 17 STA PAD PUT IN BUFFER
0249 A9 02 LDA s$02 OPEN HIGH ADDRESS
024B 8D 02 17 STA PBD BUFFER
024E A5 11t LDA LRH GET HIGH ADDRESS AND
0250 8D 00 17 STA PAD PUT IN BUFFER
0253 A9 00 LDA $00 LATCH ADDRESS
0255 8D 02 17 STA PBD BUFFERS
0258 Al 10 LDA LRL(IX)> GET DATA AND
025A 8D 00 17 STA PAD LATCH
025D E6 04 INC WR WAIT FOR DATA TO SETTLE
02SF A9 04 LDA $04 TURN ON PROGRAM
0261 8D 02 17 STA PBD POVER
0264 A0 43 LDY $43 WAIT 600US
0266 E6 04 AGN INC WR
0268 88 DEY
0269 DO FB BNE AGN
026B A9 00 LDA 800 TURN OFF PROGRAM
026D 8D 02 17 STA PBD POVWER
0270 60 RTS RETURN
0271

Listing 2: The burn subroutine multiplexes the address and data through the
PIA port (PAD) controlled by the control lines (PBD). A 600 us program-
ming pulse is applied after the address and data have been latched. The INC
WR instruction does nothing more than provide a 5 us delay. It is used first
to let the data lines to the EROM settle before the programming pulse is
applied. Later it is used in the pulse timing loop simply to cut down the
number of iterations.
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Software

The driving software, as shown in listings
1 to 4, implements the above sequence of
events in a double loop. The inside loop,
listing 2, works its way through all the
addresses to be programmed and gives each
location a 600 us programming pulse. The
outer loop, listing 1, repeats the process
255 times giving a total program current
time of 153 ms to each bit. This is sufficient
time to program the 2708. The start and end
plus one addresses of the programmable
memory block are loaded in BSL, BSH and
BEL, BEH registers respectively before
execution is begun. Data is programmed into
the same relative addresses in the read only
memory as they are found in the program-
mable memory; ie: the low ten bits of the
address are the same.

Notice that the 2708 can be partially
programmed. If the memory block to be
copied is less than 1024 bytes long, only
the appropriate bytes are programmed. The
remaining locations are unchanged. The
block to be programmed can start and end
anywhere in the 1 K page. This is a very
useful feature as it allows firmware to be
developed over a period of time. The partially
programmed read only memory can be used
in the meantime. Incidentally, listings 2 and
3 are subroutines only for the sake of
modularity and the whim of the author.
They are called at only one point each.

It is very important that the +26 V pro-
gramming power be off at the power supply
until the computer has had a chance to latch
PB2 low. After this initialization, a pause is
built in to allow the operator to turn on the
power supply before continuing. This pause
is implemented by waiting for input from a
terminal in subroutine MSG, listing 3. The
application of program power before the
computer has initialized the Zapper board
will usually result in some random location
being burned with some random data.

Erasing the EROM

The 2708 is very easily erased using an
ultraviolet light source. Intel specifications
indicate that an integrated dose of 10 watt-
sec/cm2 at a wavelength of 2537 angstroms
is required to erase the 2708. A quick glance
at the CRC Handbook of Chemistry and
Physics shows that 2537 angstroms is the
most persistent spectral line of mercury
(Hg). This means that any mercury vapor
lamp will do the trick. | use a nice packaged
source from MSC Macalaster (Catalog #3400)
which slips over the top of the read only
memory. (When using the unit, discard the
filters which come with it, and be sure you
shield your eyes from the lamp.) The chip
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12K ECONORAM VI
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of an Econoram.

QOur least costly way to add memory to S-100 machines. Configured
as two independent 4K blocks. with separate protect for each block and
vector interrupt provision if you try to write in protected memory.
Handles DMA. Less than 1500 mA current consumption.

16K ECONORAM IV™ $279 (unkit),
$314 (assm), $414 (CSQ)

Manual write protection for 4K blocks, use with or without phantom
line, runs DMA at 2 or 4 MHz. Guaranteed under 2000 mA current
(typically 1500 mA). Finally . . . static storage at less than the cost of
dynamic equivalents!

24K ECONORAM VII'" $445 (unkit),
$485 (assm), $605 (CSO)

Our top of the line. Configured as 4 independent blocks {two 8K and
two 4K) for unique addressing options. Write protect for each block; use
with or without phantom line: provision for two qualifiers; runs DMA at
2 or 4 MHz: draws less than 2500 mA (1800 mA typical).

11 SLOT S-100 MOTHERBOARD
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An Easy Programming System

Joseph Weisbecker
1220 Wayne Av
Cherry Hill NJ 08002

This article describes a hexadecimal inter-
pretive programming system which requires
less hardware than high level languages such
as BASIC, and which [ feel is much easier to
use than machine language. In my expe-
rience, hexadecimal interpretive program-
ming is ideally suited to real time control,
video graphics, games or music synthesis.
It can be used with inexpensive computer
systems consisting of a hexadecimal key-
board and only 1 K or 2 K of programmable
memory. Expensive terminals and large
memories aren’t required. You can quickly
and easily write useful programs that re-
quire five to ten times less memory than
conventional high level languages without
resorting to the tedious complexities of
actual machine language.

Interpretive Programming

This programming approach isn’t new,
but surprisingly few people seem to be
using it. The technique consists of designing
a high level pseudomachine language that is
more powerful for specific applications than
conventional machine language. An interpre-
tive program is then written to execute this
new set of pseudoinstructions. Each pseudo-
instruction is really just a code that specifies
a machine language subroutine. This set of
subroutines can be designed to perform any
functions you might need for your applica-
tion. By staying with a machine language
format, and not using labels or English
words for instruction codes, memory re-
quirements are lower. By limiting the address-
ing range and number of variables, you can
limit each pseudoinstruction code length
to several bytes for further memory space
savings. Interpretive programs for these
powerful pseudomachine languages can
require as few as 512 bytes of memory. It
has seldom taken me more than a week to
implement a new hexadecimal interpretive
language, and | can then use it for years. The

approach can be thought of as vertical
microprogramming with the microprocessor
machine language used as the microcode
representation.

To illustrate the compactness of these
types of programs, | wrote a video tic-tac-
toe program using the CHIP-8 language
described below. Only 500 program bytes
were required versus 3000 bytes for an
equivalent version written in BASIC. Besides
saving memory, this also meant 2000 fewer
keystrokes for initial program entry. In
addition, the CHIP-8 interpreter was about
eight times smaller than the BASIC inter-
preter. The CHIP-8 program ran on a 1.5 K
memory system with a hexadecimal key-
board, while the BASIC program required
an 8 K system with an ASCII keyboard and
alphanumeric display. The CHIP-8 program
took about 12 hours to design, hand code,
enter and debug. | suspect that the BASIC
version took at least as long on a much
more expensive system.

This hexadecimal interpretive program-
ming approach is important for two reasons.
First, it reduces the cost of the hardware
you need to get started in home computing.
Second, it drastically reduces the amount of
read only memory required in microproces-
sor based products such as controllers and
video games. Read only memory cost is a
significant factor in these types of products.

A detailed example will be used to il-
lustrate the hexadecimal intepretive pro-
gramming approach. The new RCA
COSMAC VIP computer will be used for
this example (see August 1977 BYTE,
page 30, for a description of this computer).
It is a low cost, single card computer con-
taining 2048 bytes of programmable memo-
ry, a graphic video display, and a hexadeci-
mal keyboard. | had this type of program-
ming in mind when | incorporated features
such as multiple program counters in
the COSMAC  (1802) microprocessor
architecture.

The pseudomachine language used in my
example will be one called CHIP-8, designed
for use with the COSMAC VIP system. | will
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discuss using this language rather than de-
scribing the interpreter for it. Suffice it to
say that the interpreter only requires 512
bytes and resides at memory locations 0000
to O1FF (hexadecimal). Programs written
in the CHIP-8 language must start at memo-
ry location 0200 (hexadecimal). The sample
program described will run on a 1024 byte
memory system. This includes the CHIP-8
interpreter, the program, work area and
video display refresh buffer. The program
itself only requires 60 CHIP-8 instructions.

CHIP-8 Language

Table 1 describes the 31 CHIP-8 instruc-
tions provided in this pseudomachine lan-
guage. Each instruction requires only two
bytes (four hexadecimal digits). Memory
addressing is limited to 4096 bytes so that
only three hexadecimal digits are needed to
specify a memory address. The number of
variables has been limited to 16, labeled
VO to VF in this article. These are 1 byte
variables or registers that can be modified
or examined by CHIP-8 instructions. There
is also a 2 byte memory address register
called I, which is used by certain instruc-
tions. A real time clock or timer is pro-
vided. This timer can be set to any hexa-
decimal value between 00 and FF by the

(Hexadecimal)

FX15 instruction. For example, if V2
contained hexadecimal OA, an F215 instruc-
tion would set the timer to OA. This timer
is automatically decremented by one
60 times per second until it reaches 00. If
the timer was set to 3C (decimal 60) it
would reach 00 exactly 1 second later. This
timer can be used to provide delays in
game or control programs. A tone clock is
also provided which can be set to cause a
tone lasting from 1/60 to about 4 seconds.

An important feature of this type of lan-
guage is that all variables (registers) are con-
tained in memory. This means that
debugging is generally Imited to examining
memory locations, not internal micro-
processor hardware registers. Astute readers
will be wondering why | maintained a fixed
2 byte instruction length when variable
instruction length was possible. Since
absolute memory addresses are used, fixed
2 byte instructions avoid addressing con-
fusion that increases programming errors.
Also, any instruction can easily be replaced
by a branch instruction of the same length

for debugging breakpoints or program
patching.
Graphic Display Approach

Before proceeding with a detailed

programming example, readers will need to
understand the video display system. Fig-
ure 1 shows the graphic display format used.

| unchanged. M1 pattern is combined with existing display via EXCLUSIVE-OR function.

Instruction Operation
1MMM Go to OMMM
BMMM Go to OMMM + VO
2MMM Do subroutine at OMMM (must end with 00EE)
00EE Return from subroutine
3IXKK Skip next instruction if VX = KK
4 XKK Skip next instruction if VX # KK
5XY0 Skip next instruction if VX =VY
axyo Skip next instruction if VX # VY
EX9E Skip next instruction if VX = hexadecimal key (LSD)
EXA1 Skip next instruction if VX # hexadecimal key (LSD)
6XKK Let VX = KK
CXKK Let VX = Random Byte (KK = Mask)
TXKK Let VX =VX + KK
8XYO0 Let VX =VY
8XY1 Let VX = VX/VY {VF changed)
8XY2 Let VX = VX & VY (VF changed)
8XY4 Let VX =VX+ VY (VF=00if VX + VY <FF,VF=01if VX+VY > FF)
8XYS5 Let VX=VX - VY (VF=00if VX< VY, VF=01if VX2 VY)
FX07 Let VX = current timer value
FX0A Let VX = hexadecimal key digit (waits for any key pressed)
FX15 Set timer = VX (01 = 1/60 second)
FX18 Set tone duration = VX (01 = 1/60 second)
AMMM Let | = QMMM
FX1E Letl =1+ VX
FX29 Let | = 5 byte display pattern for LSD of VX
FX33 Let Mt = 3 decimal digit equivalent of VX (I unchanged)
FX55 LetMI=VO:VXU=1+X+1)
FX65 LetVO: VX =MI{l=1+X+1)
00EO Erase display (all Os)
DXYN Show n byte MI pattern at VX-VY coordinates.
VF =01 if a 1 in M| pattern matches 1 in existing display.
OMMM Do machine language subroutine at OMMM (subroutine must end with D4 byte)

Table 1: CHIP-8 instruction set. Note that invalid hexadecimal characters in the hexadecimal
instructions listed are replaced by valid hexadecimal codes when a program is written. Thus
B1000 might be a valid use of the BMMM instruction.






Figure 1: A drawing of the
video display. The inner
dashed square Is the play-
ing area. The range of X
and Y is shown.

The dotted line indicates the area of the
screen used for display. This display area
consists of an array of spot positions 64
wide by 32 high. These spot positions repre-
sent bits in a 256 byte page of memory.
When a memory bitis one, the spot positionis
on (white). The CHIP-8 language specifies
spot positions on the screen by an XY
coordinate system as shown in figure 1. The
values of the X coordinate (horizontal spot
position) can run from 00 to 3F (0 to 63
decimal). The values of the Y coordinate
{vertical spot position) run from 00 to 1F
(0 to 31 decimal). Any two variables {VO
to VF) can be used to specify the X and Y
coordinates of a spot position on the screen.

The display instruction (DXYN) lets you
show a pattern of spots on the screen. This
pattern of spots can form a picture, letter,
number, etc. Patterns are represented in
memory by a list of one to 15 bytes. Sup-
pose you want to display a rocket ship.
You must first construct a rocket ship pat-
tern on grid paper as illustrated in figure 2.
The hexadecimal codes for this pattern can
then be derived directly from the bit pattern.

To show this rocket ship on the screen
with a DXYN instruction, you must first set
| to the address of the rocket ship pattern
byte list in memory. You must then set two
variables to the X and Y coordinates at
which you want the rocket ship pattern to
appear on the screen. The X and Y coordi-
nates specify the position of bit 7 of the first
pattern byte on the screen. For example,
the following short program would show the
rocket pattern of figure 2 at the top left
corner of the screen:

Memory
Address Instruction
{Hexadecimal) Code Comments

0200 6200 Set V2 = rocket X coordinate = 00
0202 6300 Set V3 = rocket Y coordinate = 00
0204 A20A Set | = rocket pattern address = 020A
0206 D236 Display 6 byte rocket pattern
0208 1208 End loop
020A 2070
020C 70F8} Rocket pattern byte list
020E D888
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The last hexadecimal digit of the display
instruction (DXYN) must always specify the
number of bytes in the pattern to be shown
on the screen. The DXYN instruction com-
pares each bit of the new pattern to be dis-
played with whatever is already displayed
on the screen at the same spot positions. If
a 1 bit is already displayed at the same posi-
tion as a 1 bit in the new pattern to be
displayed, a O will be shown on the screen
at this spot position, and VF will be set to
01. In other words, the new pattern to be
shown is combined with the pattern already
showing on the screen via an EXCLUSIVE
OR function. This means that after a pat-
tern is shown on the screen it can be erased
by showing the same pattern again with the
same X and Y coordinates. Incrementing
the X or Y coordinate and showing the
pattern a third time would cause the illu-
sion of motion. If the value of VF is 01
after showing the pattern on the screen, it
means that the pattern touched or hit a
previously displayed pattern.

The DXYN instruction permits display-
ing, erasing and moving individual patterns
on the video screen. The ability to detect
when one pattern meets another permits
you to program chase, paddle and target
games.

Decimal Digits and Random Bytes

Several instructions are provided to
permit displaying decimal numbers on the
video screen. These are useful for game
scorekeeping, etc. An FX33 instruction
converts the value of any variable (VX) to
decimal form. Suppose 1=0442 and V9=A7
(hexadecimal). An F933 would cause 01 to
be stored in memory location 0422 (hexa-
decimal), 06 in 0423, and 07 in location
0424,

BYTE NO. BIT POSITION HEX
f_, 6 5 4 3 2 | ﬂ\ 0
| 2 2
2 70
3 7@
4 F 8
5 D 8
6 8 8

Figure 2: The definition of the rocket
pattern is shown. The dark squares are
encoded as a 1 bit in the appropriate byte.
The actual value of each byte of the pattern
is shown under the HEX column.
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Photo 1: The actual video display of the game showing the rocket, UFO and

score,

Since A7 in hexadecimal equals 167 in
decimal, we see that the three bytes ad-
dressed by | represent the decimal equivalent
of the value of V9. If 1=0422, an F265
instruction could then be used to set VO, V1
and V2 to the values of the three bytes
addressed by | above (01, 06 and 07). An
FX29 instruction can then be used to set |
to a 5 byte pattern representing any one of
the three decimal digits. An F229 instruc-

tion would leave | addressing a 5 byte pat-
tern for displaying the least significant deci-
mal digit (7 in this example). A DXY5
instruction can then be used to display the
decimal digit on the video screen at any
desired position.

The above example illustrates the use of
an FX65 instruction to transfer three memo-
ry bytes to three variables (VO to V2). The
FX55 instruction will store any number of
variables in memory locations starting at
the | address. These two instructions can be
used to increase the number of variables by
swapping sets of variables and memory
bytes. Just remember that variables are
always copied to or from memory in groups
starting with VO and ending with VX,
inclusive.

It is often useful to generate random byte
values. The CXKK instruction sets any vari-
able (VX) to a random byte value. This
random byte will have any bits matching O
bit positions in KK (a 2 digit hexadecimal
number) set to 0. For example, a C407
instruction would set V4 equal to a random
byte value between hexadecimal values 00
and 07.

The remainder of the CHIP-8 instructions
should be self-explanatory. The 2MMM
instruction will transfer control to a sub-
routine which must be terminated by

INCREMENT [ —————————p3
UFO X

I

DECREMENT
ROCKET Y

ROCKET [y

A SCORE

Figure 3: The range of rocket X values is from hexadecimal OF to 2E. Rocket Y is decremented from hexadecimal 1A to 0O0.
The UFO Y remains a constant hexadecimal 08, while the UFO X is incremented from hexadecimal 00 to 39.
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instruction OOEE to return control to the
instruction following the 2MMM. You can
nest these subroutines. The OMMM instruc-
tion permits a machine language subroutine
to be inserted if required.

Designing a Video Game Program

A detailed example will illustrate how
easily the CHIP-8 language can be used to
program a real time video game. The first
step always involves specifying the video
display and the functions to be pro-
grammed. Figure 3 shows the display format
chosen for this game. An enemy UFO will
be constantly moving from left to right
across the top of the screen. A single digit
score will be displayed at the lower right.
A rocket ship will appear at a random
horizontal position along the bottom edge
of the display area. You can launch this
rocket by pressing key F on the hexadecimal
keyboard. The rocket will then move ver-
tically toward the top of the screen. When it
reaches the top or hits the target UFO it
will be erased and a new rocket will appear
at the bottom of the screen. After nine
rockets have been launched the game ends
and no new rockets will appear. If you hit
the UFO with a rocket the score is incre-
mented by 1.

After specifying the positions of the
various game patterns on the video screen
as shown in figure 3, you must decide on
how the 16 variables will be used in the
program. Table 2 illustrates how we will
use the variables in this example. Six vari-
ables (V3, V4, V5, V6, V7, V8) are needed
to specify the X and Y coordinates of the
three types of patterns involved (score,
target UFO and rocket). We need two more
variables (V1, V2) to keep track of the cur-
rent score and number of rockets launched.
V9 will be used as a flag that shows whether
or not the current rocket has been launched.
VA will be set to 01 if the rocket hits the
UFO (ie: point scored) and VO will be used
for a working register in the program. VF is
the hit flag and is automatically set to 01
when a hit occurs.

Flowcharting the Game

| believe you should always construct a
detailed flowchart, such as the one shown in
figure 4. Proper flowcharting will save hours
of debugging and will simplify making future
changes to your program. A flowchart also
lets you see the major and minor loops in
your program, allowing you to avoid timing
bugs that can occur in real time situations
such as video games.

Step 1 involves initializing the score and

VO— Temporary variable

V1— Score (00 at start)

V2— Rocket counter (00 at start)

V3— Score X (38)

V4— Score Y (1B)

V5— UFO X (00 at start)

V6— UFO Y (08)

V7— Rocket X (random, OF to 2E)
V8— Rocket Y (1A at start)

V9— Rocket fired flag (00=no, 01=yes)

VA—~ Score increment (00 or 01)
VF— Hit flag (00 or 01)

Table 2: Rocket program variables. VB, VC,
VD and VE are not used in this program.

rocket counters, as well as the X and Y co-
ordinates for the target UFO and on screen
score digit. The UFO pattern is shown on
the screen so that it can subsequently be
moved. In step 2 the latest score is shown
on the screen, and V2 is checked to see if
the game should end because nine rockets
have been fired.

Step 4 performs the operations required
to show a new rocket at the bottom of the
screen. The rocket count is incremented by
1 for each new rocket. The rocket pattern
Y coordinate is set to hexadecimal 1A so
that the rocket will appear at the bottom of
the screen. The rocket X coordinate is set
to a random value between hexadecimal OF
and 2E so that it will appear at a random
horizontal position without interfering with
the score digit. The flag V9 is set to 00 to
indicate that the rocket has not yet been
fired. The rocket is then shown on the
screen and the program proceeds to the
loop containing steps 5, 6 and 7.

This loop causes the target UFO to con-
tinuously move across the top of the screen
while waiting for key F to be pressed. The
UFO is randomly moved zero, one, two or
three spot positions to the right each time
the loop is executed. This gives it a rather
fast, randomly varying rate of motion, ma-
king it harder to hit. The movement of the
UFO merely involves incrementing its X
coordinate (V5). When V5 is incremented
past the right edge of the display area, wrap
around automatically occurs so that the
UFO reappears at the left edge of the display
area. This wrap around automatically occurs
when any X or Y coordinate of any display
pattern is incremented or decremented past
any edge of the 64 by 32 bit display area.

When key F is pressed to launch the
rocket, step 6 causes V9 to be set to 01,
Step 7 then causes step 8 to be included in
the {oop. Step 8 checks the value of the sys-
tem real time clock (or timer) to see if it has
reached 00 yet. When the timer reaches 00
the rocket is moved up one spot position,
and the timer is reset to a value of 03 (1/20
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ed PLUS these added features:

® Assignment of 1/0
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® Unlimited length of variable names and strings
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® Chain to another program ® Assign a physical device to

a logical device ® Drop an /O channel previously assign-

ed ® Cause programs to be appended onto programs al-
ready in memory @ Call a procedure and pass variables on
the list ® Cause interpreter to enter edit mode using 15
single character edit commands.

Tarbell BASIC occupies 21K of RAM.
Tarbell BASIC on cassette - $36

Tarbell BASIC on CP/M Disk - $36
Tarbell BAS!IC Source on paper - $25
Tarbell BASIC Source on CP/M Disk - $25

CP/M Disk Operating System

The 1/0 section of this software has been modified
to operate with the TARBELL Floppy Disk Interface in
24K bytes of memory. Five commands permit listing of
directory, typing contents of an ASCII file, renaming
a file, erasing a file from disk, and saving memory on
disk. Fourteen programs are included which are invoked
like commands. Six source files are included for transfer-
ring between TARBELL Cassette and disk, cold-start
loading, Basic 1/0 system with drivers, and reformatting
crashed diskettes. Documentation includes a listing of
BI0OS and instructions to patch CBIOS for your system.
Price is $100 on CP/M diskette with documentation.
{CP/M is a product of Digital Research).

CE/M 1.4 Update Package

A TARBELL Update Package for those now using
CP/M 1.3 is now available on diskette. The Update
Package adds new commands and the ability to access
four disk drives, as well as 2 new CP/M manuals, TAR-
BELL CP/M User’s Guide and a new BIQOS listing.
Price: $50.00.

This 8080 program will save many hours of computing
time. It intercepts all output to the list device, spools the
output to a high-speed disk file, and directs the spooled
data to a low-speed printer during unused cycle time while
the CPU waits for transfer of data to and from the console.
System throughput is greatly increased with the aid of
SPOOLER. Output is never lost due to insufficient memory
allocation. Fully compatible with the CP/M file system,
SPOOLER permits parallel processing without hardware
interrupt, and with minimal impact on other processes.
Price: $70.00 (Copyright KLH Systems.)
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BASIC-E Compiler

Designed to work with CP/M Disk Operating System
this software requires a total of 20K bytes of memory.
Included are 26 compiler error messages and 23 run-time
error messages, Disk files may be read, written or up-
dated by using both sequential and random access. In-
cluded are blocked and unblocked files. Price for com-
piler and run-time monitor on diskette is $10.00. Manual
is available separately for $5.00. (Public domain soft-
ware by Gordon E. Eubanks, Jr.).

CRBASIC Programming System

Upward compatible from BASIC-E, CBASIC is simi-
lar but expanded to include several business oriented
facilities, allowing decimal computations to 14 digits of
precision, data formatting and PRINT USING state-
ments. Statements allow access to disk files and disk
file maintenance. Strings of characters may be read from
the console to permit correct input line format to be
checked before reading data. General programming fea-
tures include variable names up to 31 characters, option-
al line numbers, dynamic debugging tracers, and optional
data output to printer. CBASIC on diskette and manual
priced at $100, (Copyright Software Systems.)

. ]

EMPL-an 8080 APL

Especially suited to educational applications, EMPL
is an adaptation of APL, using the ASCI| character set.
Only one-dimension arrays are allowed. This 8K version
occupies the first 5376 bytes of memory and operates in
two modes. The Execution Mode permits all instructions
to be executed immediately. The Definition Mode per-
mits the user to enter functions. EMPL on Tarbell Cas-
sette with manual is $15. (Copyright 1977 Erik Mueller).

*ALTAIR is a trademark/tradename of Pertec Computer Corp.
**CP/M is a trademark/tradename of Digital Research

950 DOVLEN PLACE ¢ SUITE B CARSON, CALIFORNIA 90746
(213) 538-4251 ¢ (213) 538-2254
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. MOVE UFO
Figure 4: Flowchart for rocket game. oM 9, 3)
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MICROCOMPUTER

SOFTWARE STANDARD

CP/M™ OPERATING SYSTEM
Editor, Assembler, Debugger, and Utilities
® For 8080 and Z-80 Systems
e Up to four IBM-compatible floppy disks
® Documentation includes:

CP/M Features and Facilities

CP/M Editor Manual

CP/M Assembler Manual

CP/M Debugger Manual

CP/M Interface Guide

CP/M Alteration Guide

10 DIGITAL RESEARCH

MAC™ MACRO ASSEMBLER

e Compatible with new Intel Macro standard
e Complete guide to Macro Applications

SID™ SYMBOLIC
DEBUGGER

® Symbolic memory reference
® Built-in assembler/disassembler

INSTRUCTION

TEX™ TEXT FORMATTER

® Powerful text formatting capabilities
® Text prepared using CP/M™ Editor

Please send me the following:

00 CP/M™ System Diskette and Documentation (Set of 6
manuals for $100.
CP/M™ Documentation {Set of 6 manuals) only for $25.
MAC™ Diskette and Manual for $90.
SID™ Diskette and Manual for $75.
TEX Diskette and Manual for $75.
Send information on CP/M User’s Group, high level
languages and optional packages.

DIGITAL RESEARCH

goaooga

NOTE: Due to the proprietary nature of CP/M™ software, please
enclose your CP/M Serial No. when ordering MAC, SID, or TEX
without the CP/M diskette. CP/M™ Serial No.

O BankAmericard No. Exp. Date

0O Master Charge No. Exp. Date

O Check or M.O. enclosed.

California residents add 6% sales tax.

Total amount of purchase $
Name
Address
City

State Zip

Post Office Box 579 @ Pacific Grove, California 93950 ® (408) 649-3896

Circle 95 on inquiry card.
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Address
{Hexadecimal)

0200
0202
0204
0206
0208
020A
020C
020E
0210
0212
0214
0216
0218
021A
021C
021E
0220
0222
0224
0226
0228
022A
022C
022E
0230
0232
0234
0236
0238
023A
023C
023E
0240
0242
0244
0246
0248
024A
024C
024E
0250
0252
0254
0256
0258
025A
025C
025E
0260
0262
0264
0266
0268
026A
026C
026E
0270
0272
0274
0276
0278
027A
027C
027E
0280

Instruction

6100
6200
6338
6418
6500
6608
A27E
D563
226A
4209
1214
7201
681A
6A00
C71F
770F
6900
A278
D786
A27E
D563
C003
8504
D563
3F00
1262
600F
EOA1
6901
3901
1226
F007
3000
1226
A278
D786
78FF
D786
3F00
1262
6003
FO15
3800
1226
226A
A278
D786
81A4
1210
6A01
6003
F018
1258
A2A0
F133
A2A2
F065
FO029
D345
00EE
2070
70F8
D888
7CD6
7C00

Pseudocode

V1=00

V2=00

Vv3=38

V4=1B

V5=00

V6=08

1=027E

SHOW 3MI@V5V6
DO 026A

SKiP; V2 NE 09
GO 0214

V2+01

V8=1A

VA=00

V7=RND

V7+0F

V9=00

1=0278

SHOW 6MI@V7V8
1=027E

SHOW 3MI@V5V6
VO=RND
V5=V5+V0
SHOW 3MI@V5V6
SKIP; VF EQ 00
GO 0262

VO=0F
SKIP; VO NE KEY
V9=01

SKIP; V9 EQ 01
GO 0226
VO=TIME

SKIP; VO EQ 00
GO 0226

1=0278

SHOW 6M|I@V7V8
V8+FF

SHOW 6MI@V7V8
SKIiP; VF EQ 00
GO 0262

V0=03

TIME=VO
SKIP; V8 EQ 00
GO 0226

DO 026A

1=0278

SHOW 6MI@V7Vv8
V1=V1+VA

GO 02106

VA=01

V0=03

TONE=V0

GO 0258

1=02A0

MI=v1 (3DD)
1=02A2

VO: VO=Mi

1=V0 (LSDP)
SHOW 5Mi@Vv3v4
RET

Comments

Step 1:

Step 2:

Step 3:
Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

SSS:

ROCK:

UFO:

Score

Rocket count
Score X
Score Y

UFO X

UFO Y

UFO pattern
UFO

Show score

End loop
Rocket Y

Rocket X
Rocket pattern

UFO pattern
Erase UFO

Set VF

Step 12 if hit

Step 5

Step 5
Rocket pattern
Erase rocket

Step 12

Step 12

Erase score
Rocket pattern
Erase rocket
Score+VA
Step 2

Step 11
3 byte work area

Least significant digit

Rocket pattern

UFO Pattern

Figure 5: The rocket program code in CHIP-8 hexadecimal interpretive
language instructions. The steps specified relate directly to the flowchart

given for the game in figure 4.
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second). This timer reset value determines
the speed at which the rocket moves upward.
The larger the timer value, the slower the
rocket moves. The loop comprising steps 5
thru 10 keeps both the target UFO and
rocket moving on the screen until either
they touch each other (a hit), or the rocket
reaches the top of the screen without
touching the UFO.

If the rocket and UFQO touch each other,
step 12 is executed. This sets VA to 01 and
sounds a short tone so the player knows
{s)he scored. Step 11 is then executed to
erase the rocket and the current score on
screen. Step 11 also increments the score
variable (V1) by the 01 in VA. The program
then returns to step 2 where the updated
score is shown on the screen. If less than
nine rockets have been fired, a new rocket
is shown on the screen in step 4, and the
step 5-6-7 loop is repeated as before.

If the rocket reaches the top of the
screen without touching the UFO, step 10
will branch to step 11 causing the score and
rocket to be erased. In this case VA will
contain 00 (from step 4) so that the score
will remain unchanged. Note that the entire
program has now been designed. By double-
checking the program in flowchart form,
you can eliminate almost all program bugs
before they occur. An extra hour spent on
the flowchart can eliminate many hours of
debugging later. All that remains now is to
translate the flowchart into an appropriate
sequence of CHIP-8 instructions.

Coding and Debugging the Final Program

The final program is shown in figure 5.
To translate the flowchart into CHIP-8
instructions, start by listing even numbered
hexadecimal memory addresses in the first
column, as shown in figure 5. Fill in the
third column with an abbreviated descrip-
tion of the function to be performed by
each instruction. It is usually most con-
venient to locate subroutines and pattern
byte lists at the end of the program.
Labeling the appropriate program addresses
with the flowchart step numbers will also
prove helpful. The actual hexadecimal
codes for the CHIP-8 instructions can then
be written in column 2 and entered into the
COSMAC VIP memory using the hexa-
decimal keyboard.

To debug the program, replace the 4209
instruction at memory location 0212 with
a 1212 branch instruction. When the pro-
gram runs, it will stop at location 0212
since the 1212 branch [oops on itself. If
the UFO and a O digit initial score show on
the video screen, you know execution was
proper up to location 0212. Replace the









6800 Debug Package

The TSC 6800 Debug Package provides a better way to
trap program bugs. It is an extremely powerful and
complete assembler language program debugging tool
which is capable of simulating all functions of the 6800
microprocessor, including interrupts and 1/0 operations.
It is an ideal substitute for hardware logic analyzers or CPU
emulators at only a fraction of the cost.

Any number of breakpoints may be user defined. Each
breakpoint may invoke any one or combination of eight
different actions. These actions may be dependent on a
user defined condition such as register A=$FF or memory
location $1B55=0. The actions may also be delayed or
limited by a pass count. Histogram breakpoints may be
set to enable profiling of the executed program. Break-
points may be set in RAM or ROM!

Complete simulation control allows trace mode to be
enabled at anytime. During trace, registers and opcode
mnemonics are displayed after each instruction is ex-
ecuted. Single or multiple instruction stepping is per-
mitted as well as simulation speed control. The trace back
feature allows the past 256 executed instructions to be
viewed. Program execution may be halted at anytime by
operator command.

Memory protection and traps are another key feature. Any
section(s) of memory may be write, execute, memory, or
simulate protected. Execution traps allow program exit
on general conditions such as interrupt instruction, trans-
fer instruction, subroutine nest count, and instruction
count timeout.

General features include a line at a time assembler,
disassembler, memory interrogation commands, hex
calculator, machine states counter, stack protection, reg-
ister modifier, and mode control. In all, there are over 50
commands available. The manual includes detailed
operating instructions as well as the complete com-
mented source listing. Requires 9K at $3C00.

SL68-30  Manual and source listing $35.00
SL68-30C with KCS Cassette $41.95
SL68-30D with mini FLEX™ diskette $43.00
SL68-30F with 8” FLEX™ diskette $55.00

Send 25¢ for a complete catalog of TSC's assembler
language software for the 6800, 8080, and 6502.

Technical Systems
Consultants, Inc.
Foosz TSI\ Box 2574 W. Lafayette, IN 47906

Specialists in Software & Hardware for Industry & the Hobbyist

Circle 370 on inquiry card.
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Prof George A Gerhold

Dept of Chemistry

Waestern Washington University
Bellingham WA 98225

Teaching
With a Microcomputer
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Who doesn’t want a tutor who is infi-
nitely patient, expert on almost any subject
under the sun, available at your beck and
call, adapted to your learning speed and
style, and cheap? This has attracted the
attention of a number of the manufacturers
of personal computers, and several of them
make prominent reference to educational
applications in their advertising. But the
customer who uses educational applications
to justify raiding the family budget for a
computer will have some explaining to do,
for good teaching software on microcom-
puters is not available, nor is it easy to write.
Why?

If you examine the 20 years of develop-
ment of computer assisted instruction (CAl)
on mainframe computers, you’ll see that
the computer can be an effective teaching
tool when used properly. Students taught
with a computer perform as well or better
than comparison groups; they may learn
two or three times faster. Their failure
rate is lower and they express satisfaction
with the technique. Why then is the tech-
nique not more widely used? There are three
main reasons.

First, teachers are conservative. In fair-
ness we also must realize that teachers have
heard too many extravagant claims for
the miracle that this or that piece of edu-
cational technology will produce; their
cynicism is understandable. Proponents of
computer assisted instruction have not
always been conservative {nor have they
always been accurate). The cost of hardware
is also seen to be prohibitive. Exceptions ex-
ist, but the most visible (ie: highly funded)
systems are costly to purchase or lease.
Third, the creation of high quality software
is a difficult and time consuming task which
to this point has provided little compen-
sation beyond personal satisfaction.

The personal computer will eliminate
two of the reasons. Teachers are discovering
computers through their own efforts and
through stimulation provided by students
and parents who have computers in their
homes. The major price breaks in the cost
of hardware have resulted from the in-
troduction of smaller machines. Mini-
computer systems cost less than 10 per-
cent of mainframe based systems, and

microcomputer systems will possibly cost
less than 10 percent of minicomputer
systems (using in all cases initial capital
outlay, the most relevant number for indi-
viduals or small institutions). What remains
is to create appropriate software for teach-
ing with a microcomputer.

Before we attempt to write good teaching
software, there are some rather fundamental
questions to be answered. First, what do we
mean by good teaching? A more useful
question might be, “What is good teaching
not?” One relevant answer for computer
teaching is, ‘“Good teaching is not just
testing.”

Most programs described as teaching
programs are programmed tests; the format
is exclusively question, accept answer, one
message for right, and a second for wrong.
Random selection of messages from a list
may defer boredom a bit, but that feature
alone does not change a test into teaching.

Good teaching is not repetitious to the
point of boredom. That’s an obvious state-
ment, but it poses a dilemma for those who
would teach with the computer, because
the efficient use of a computer usually
involves repeated use of sections of code.
The resolution of the dilemma is to write
long and varied course software which
can be used by a large number of students.

Good teaching does not force each
student to proceed by the same path.
Addition of hints or partial solutions for
every question on a programmed test does
not make that program a good teaching
program. If each wrong answer is diagnosed,
and a hint or partial solution which builds
on the correct portions of that particular
wrong answer is given, then we may have
a good teaching tool.

Good teaching does not consist of a
random collection of available bits and
pieces. This implies that we should think
in terms of sizable units which can become
significant components of a course or
subject.

Finally, we should not forget that good
teachers are most often experienced teachers
and that any occasional lack of enthusiasm
on their part about the teaching efforts of
well-meaning parents is not invariably
misguided.

Another important question is, “What are
we trying to teach?” This question is espe-
cially important for the personal computer
user because the output devices commonly
used cannot provide the notation which the
students use elsewhere. Books are not
written in uppercase only; exponents are
not usually written with arrows or double



asterisks; yes and 1 are not synonymous,
nor are no and 0; the answer to every ques-
tion is not a, or b, or ¢, or d — none of the
above. If we attempt to teach using devices
which impose notation limitations, we ask
ourselves repeatedly, ‘‘Are we teaching
what we want to teach, or are we teaching
how to use and cope with the limitations of
the software?”’

With these points in mind let us now con-
sider computer languages for teaching.
Some teaching languages are based on a
teaching strategy; others are based on
software functions. Our experience is that
the latter types are far superior to the for-
mer, for they allow implementation of a
variety of teaching strategies. Examination
of a large variety of good computer assisted
instruction materials shows that they are
built from a small number of operations.

For example, one must be able to send
text to and accept text from the terminal.
Call these functions type and accept (or
T and A). (The notation herein is the PILOT
notation; for a more complete description
of the language see “Computer Assisted
Instruction on a Microcomputer,” November
1978 BYTE, page 90.)

Having accepted text, one must be able
to analyze it. This is usually done with some
type of a match (M) aigorithm. One also
needs some kind of jump (]) instruction,
instructions for subroutine calls and returns
(U and E), and some kind of compute (C)
instruction so that one can use the full
range of numerical and string operations
normally associated with computers. Finally
one needs some way to make execution of
at least some of these instructions (at a
minimum, the jump) dependent on the
values of various variables or on the success
or failure of certain matches.

The obvious question for the microcom-
puter fan is, “Can 1| use BASIC?” Unfor-
tunately, the answer is, “Only with extreme
difficulty.” Typing text is no problem, and
accepting input from the terminal can be
handled. Accepting an input of two when
you programmed INPUT X and expected the
answer 2 will take some extra code, but
we've already learned that these are going to
be long programs by usual computer
standards. The difficulties with accepting
data pale in significance when compared to
the difficulties with match.

Consider an extremely simple case:
a question that can be answered yes. Write
BASIC code which will match any of the
following:

yes, Yes, YES, O.K., OK, Of course,
Sure, Always.

See the computer.
See the computer run.

Read The Computer Book.

This is it — a workbook that actually shows you how
a computer is organized, programmed, and run, How?
Because the book /s a computer! The Computer Book.

Here's how it works: the top third of each page graph-
ically represents a memory location (illustrated at
right) which includes memory and address registers

to be filled in by you, the reader-as-programmer. The
program steps are listed at the tops of the pages, and
at each location you are giv-
en your next instruction(s) == o
to carry out. You play the T

switch register and control
circuits, a bookmark serves
as the program counter,
and your pencil is the line :
printer. Before you know or
it, you'll be “jumping to
subroutine” and ‘‘clearing
the link”” with the best of
them! More importantly,
you’ll understand exactly why you’re performing each
step as you run through the programs. Not even step-
ping a real computer through a program can provide a
comparablie learning experience — the reader is inside
the computer!

The text of The Computer Book is presented in such
a clear, down-to-earth style that it makes an ideal in-
troductory reference for anyone, student and non-
technician alike, who wishes to improve his/her
understanding of the digital world. Contents include:

@ Number Systems and Codes
& Memories

o Practice Programs
o Assembly Language

o Peripherals o High Level Languages

® What Goes On In There? e FORTRAN

® The Instruction Set e COBOL

® Organization of the Computer ® Microprogrammed Computers
® Programming ® Microprocessors

® Thumbs-On Experience ® Microcomputers

® Our First Program Steps

ARTECH HOUSE BOOKS
610 Washington St. Dedham, MA 02026
(617) 326-8220

Please send me copies of The Computer
Book at $28.00 per copy.

I enclose check or m.o. for §
MC # Exp. date

Name
Address
City
State

Circle 11 on inquiry card.
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but which will not match any of these:

yesterday, yes and no, yes or no,
Alyeska, eyes.

In a good teaching language it can be done
in a single line. It could be done in BASIC,
at least in a BASIC with a full range of string
operators, but in practice no one bothers
because it’s so much easier to tell the student
to answer 1 for yes. One could program the
match algorithm of a good teaching language
in BASIC as a subroutine, but the resulting
code is too slow. It seems then that BASIC
{and other computational languages, such
as FORTRAN and APL) are not suitable
for this purpose.

Fortunately one of the best teaching lan-
guages, PILOT, is well suited for microcom-
puters. The original form of PILOT is too
limited for production of top quality teaching
materials. Several extended forms of PILOT
have been developed, and the National
Library of Medicine is supporting an effort
to achieve a national standard for the ex-
tended language. At Western Washington
University we have implemented what
promises to be essentially this standard on a
SwTPC 6800, and we are currently working
on 8080, Z-80 and Pascal implementations.
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cables with male to male,
male to female, or female
to female connectors in 5,
10, 15, 20, 25, 30, 40 & 50
foot lengths. No minimum

NOW!

LOW PRICED EIA RS-232
CABLES IN STANDARD
LENGTHS

| Just $15 plus
50¢ per foot.

forder necessary. Just

: phone or mail in your
. orders. Special cable
configurations also

) available. Immediate
delivery from stock.

Wl ON GSA SCHEDULE

7 Wellington Rd.. Lincoln, R.1. 02865 IS INTERNATIONAL
Teol: 401-333-6200 | I DATA
o TWX: 710-384-1911 SCENCES, INC.

IDS now supplies quality

Export: EMEC, Box 1285, Hallandale, Florida 33009
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By doing so we have shown that it is possible
to implement a language that includes
all the operations necessary for teaching,
including the full range of numeric and
string operators, full floating point, and
numeric and string arrays, all in a 20 K byte
microcomputer. Moreover, the response time
is excellent. We maintain that there is no
reason to settle for less in an instructional
language.

Now that you’re convinced that you’ll
have to get better systems software, what
about hardware? It appears that any of the
standard microcomputers will be suitable for
this application if they can accept sufficient
memory (16 K to 20 K bytes). The length of
instructional programs and the distance and
complexity of branching within the program
requires the use of floppy disks or other
forms of mass storage.

A typical intructional dialogue program
occupies about 8 K bytes forevery 5 minutes
of instruction. Any individual student might
leapfrog an entire section in a few seconds if
the program were written to move with a
well-prepared student. Thus the system must
be interpretative, with the programs stored
on disks.

Good terminals for teaching should have
good graphics capabilities. At this time such
terminals are too expensive ($4000 to
$6700), several times the cost of the rest of
the system. What is needed is a video ter-
minal with at least a 256 by 256 dot matrix
that can be superimposed on a 24 line by
80 character display (upper and lower case).
Until such a unit is available, we must make
do with less. However, a 40 character line is
rather short for this purpose.

Finally, after all these cautions and dis-
couragements, what can or should the owner
of a microcomputer who wants to use the
thing to teach do? One possibility is to
search for or create games which provide
practice in topics which your children have
already learned in school. An obvious exam-
ple is a version of Spacewar that demands
fractional inputs as an exercise in fractions.
A second possibility is the purchase of
suitable systems software and course mate-
rial. Such material is beginning to come onto
the market. The third and most exciting
possibility is to become involved in creating
teaching material. Get suitable systems
software and find an interested teacher. The
teacher provides the material and the ap-
proach, and you provide the programming.
If you take this route, remember that the
teacher knows how to teach, that students
are more varied than your imagination, and
that good materials require testing and
editing and retesting and reediting.m






Mike Weed
Rt 2 Box 97A

Spring Valley MN 55975

Clockless Multiplication

Figure
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1.

Commercially
available 4 by 4 multiplier.

Digital integrated circuits that multiply
binary numbers without the use of clock
pulses have been available for several years.
One such 4 bit by 4 bit multiplier is illus-
trated in figure 1. The 8 bit product appears
on the output lines about 40 ns (the propa-
gation delay) after the input lines are set.
Larger numbers may be multiplied by first
sectioning the inputs into 4 bit words, form-
ing the products of each word of one input
with every word of the other input, and
summing these products in the appropriate
manner. The propagation delay increases
approximately linearly with the number of
input bits. The number of integrated circuits
required increases roughly as the number of

bits in the multiplier times the number of
bits in the multiplicand.

Multipliers are readily constructed from
simpler integrated circuits. A 4 by 4 multi-
plier is illustrated in figure 2. The four bits
of the multiplicand are gated into the adder
M places from the right if the M™ bit of the
multiplier is 1. If this bit is 0, only 0 is
added in. The parts count is minimized by
bringing the carry output of the last adder
back to a previous adder input. This system
costs less than the circuit in figure 1. Its
disadvantages are a higher components
count and a 60 percent increase in power
requirements. The two systems have com-
parable propagation delays.

and Division Circuits

MULTIPLIER
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A3 A2 Al AO
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P7 P6 P5 P4 P3 P2 Pl PO
- J/
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The circuit in figure 3 shows one of many
possible variations along these lines. This 4
by 5 multiplier uses inverters and NOR gates
on the inputs instead of the AND gates of
figure 2. Desirable input buffering is thus
provided at about the same dollar cost, but
requires more packages and power.

Clockless division circuits are more com-
plicated than multiplication circuits. One

)

way to obtain a 4 bit quotient from a 7 bit
dividend and a left-adjusted 4 bit divisor is
shown in figure 4. A subtraction is per-
formed at each stage by complementing the
divisor and adding, while forcing a carry
input to the adder. If the difference is nega-
tive, as indicated by a 0 carry output, a 4 bit
1 out of 2 multiplexer is set to transmit the
minuend to the next stage. If the difference

MULTIPLICAND

B2

w

[

MULTIPLIER
4 N
A3 A2 Al AO
r 9 11 | r
| IC37a | :
[ |7c43064 ’ : 7404 | I7C43074
8 10 2
Lo |- L___
f—

ICI0 7483A ICII 7483A
14 13 14 13
ca za =3 z2 bl co 7)7 —] ¢4 z4 z3 s2 | co 'g
15 2 6 9 15 2 6 ls
. || e |3 |a |8 [z [0 [n i lie [3 |a 8 |7 |io In
A4 B4 A3 B3 A2 B2 Al 8l 3 \a A4 B4 A3 B3 A2 B2 Al Bl
Icl2 7483A co ‘:) ca IC13 74834 3
s4 53 z2 30 T4 3 z2 Al co
i5 2 6 9 [1s 2 6 9
P8 P7 P6 PS5 P4 P3 p2 Pl PO
Figure 3: 4 by 5 multiplier - J
with buffered inputs. PRODUCT
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DIVISOR (D3=1)

—/
DO

D2

Y

DI

DIVIDEND

-
6l
| . | 6 [3 Ja 8 |7 o [y
I3pe sl ! B4 A3 B3 A2 B2 Al Bl
A4
| P | — +5V
v 1C26 7483A
1 21 1af |3f
—-———II >‘*-—<I q 4 %4 T3 2 3% co
j 1c3s | 15 2 6 9
L7404_J 13 10 6 3 14 [ Is |2
- | 4B 38 28 8 aA 3A 24 A
>—] SELECT
1C30 74157
12} 4y TROBE F2
3y 2y 1Y S 8577
9 7 4
6 |3 Ja s |7 po [n
aq B4 A3 B3 A2 B2 Al B
+5V
1C27 7483A |3f
ca 4 3 Sz I co
15 2 6 9
13 o |e 3 ta In |s Je
48 3B 28 1B 4A 3A 2A IA
SELECT IC3( 74157 "
4T ay 2y Iy STROBE7
9 7 4
6 |3 Ja Is [z lio [u
aq B4 A3 B3 A2 B2 Al B
IC28 7483A L3
|3f
ca 4 I3 32 I co
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13 10 e 3 14 ju s |2
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4Y 3y 2y by STROBE 77
9 7 4
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| A
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L1 o cof2t
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Q2 G < 1C32 15 2 6 9
QUOTIENT 7432 13 10 6 3 5] " 5 2
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T
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Figure 4: Simple but slow clockless division circuit.

132  December 1978 © BYTE Publications Inc






DIVISOR (D7=1)
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Periodical Guide for Computerists, January-December 1977,
by E. Berg Publications. This is a comprehensive index of all the ar-
ticles, book reviews, editorials, letters, record reviews, and miscella-
neous small inserts and notes from the top 25 magazines in the field.
Several thousand articles are grouped into over 60 subject categories
that are listed alphabetically for easy reference. At the back is an au-
thor index, including the major areas of their expertise. An indispen-
sable guide for anyone in the fields of personal computing, amateur
radio, and electronics. 72 pp. $5.00.

Robots on Your Doorstep by Nels Winkless and Iben
Browning. “This book will amaze you, frighten you, nauseate you,
excite you...it will probably make you think about things you have
never contemplated before,”’ states the introduction to this clever
and well-written account of robots: past, present, and future. Intelli-
gence, artificial intelligence, brain structure and simulation, and
characteristics of robots are only a few of the areas explored. One
chapter is devoted to the personal computer revolution and how it
has brought robots into the amateur’s workshop. 179 pp. $6.95.

Programming in PASCAL by Peter Grogono. This book is an
excellent introduction to one of the fastest growing programming
languages today. The text is arranged as a tutorial containing both
examples and exercises to increase reader proficiency in PASCAL.
Besides sections on procedures and files, there is a chapter on dy-
namic data structures such as trees and linked lists. These concepts
are put to use in an example bus service simulation. Other examples
range from the Tower of Hanoi problem to circumscribing a circle
about a triangle. Programming in PASCAL is sure to hold the read-
er's interest. 359 pp. $9.95.

Z80 Programming for Logic Design by Adam Osborne, Jerry
Kane, Russell Rector, and Susanna Jacobson. Here's the book we've
all been waiting for! It's third in the series of Osborne’s program-
ming for logic design books (the 8080 and 6800 books). Written for
both programmers and logic designers, it explains how an assembly
language program can replace non-programmable logic devices—with
direct reference to the Z80 microcomputer. 352 pp. $8.50.

8080A/8085 Assembly Language Programming by Lance A.
Leventhal. This book provides an introduction to assembly language
programming for the 8080A and the 8085 processors. Included are
sections on the instruction sets for the two processors, assemblers,
simple program examples, code conversion, tables and lists, subrou-
tines, 10, interrupts, program design, and debugging. Many examples
and illustrations are included to cover critical points. 467 pp. $8.50.

_ How to Profit from your Personal Computer by Ted G. Lewis.
If you have wanted to use your personal computer in a profitable
manner, and you feel you need some help planning programming
techniques for common business applications, this book is for you.
Enjoyable and readable, it contains suggestions for accounting, pay-
roll handling, inventory management, and sorting mailing lists. Many
terms and notations are explained. Sample programs in BASIC, the
use of blueprints to design program structure, and a futl glossary of
terms are a few of this book's special features. 191 pp. $7.95.

SARGON by D. and K. Spracklen. A complete computer chess
program that won the 1978 West Coast Computer Faire Chess
Tournament. Highly praised in the 9/78 issue of Personal Com-
puting. Available early November. 120 pp. $14.95. {No photo)
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Microcomputer Primer by Mitchell Waite and Michael Pardee.
Here’s a microprocessor tutorial for readers having some electronics
background. Microcomputer Primer concentrates on the hardware
of microcomputers (although there are sections dealing with soft-
ware) with chapters on basic computer concepts, hardware, pro-
gramming, memories, and number systems. A full complement of
photos and schematics accompanies the text. 224 pp. $7.95.

Programming a Microcomputer: 6502. This informal, well-writ-
ten book may be just what you need to enter the world of micro-
computers. Caxton C. Foster uses the 6502 as a basis for discussing
the techniques of writing programs. The chapters include simple,
practical example programs for creating a Morse Code oscillator,
combination lock, tune player, digital clock, and more. The empha-
sis is on clarity, and the many illustrations and flowcharts help get
the author’s points across. 231 pp. $9.95.

Programmable Calculators by Charles J. Sippl and Roger J.
Sippl. This large {526 pages) book is an exhaustive survey of the
programmable calculator field covering its history and present
status. Chapters deal with the basic calculator, advanced hand-
held products, RPN (Reverse Polish Notation) versus algebraic
notation, desktop calculators, and programming the program-
mable calculator. Examples and illustrations abound in this use-
ful reference work. $14.95.

Here are two big packages of fascinating information and practi-
cal guidelines from the symposiums held at the 1977 and 1978 West
Coast Computer Faires.

___The First West Coast Computer Faire Conference Proceedings,
edited by Jim C. Warren, Jr., contains 336 pages covering such top-
ics as: tutorials for the computer novice, human aspects of system
design, robots (including the text of a talk by science fiction writer
Fred Pohl), computers for the physically disabled, education, elec-
tronic mail, music with computers, hardware, software—the list goes
on. $12.00.

—The Second West Coast Computer Faire Conference Proceedings,
edited by Jim C. Warren, Jr., is 505 pages and covers many of the
above topics plus others such as: computers for the visually handi-
capped, exotic computer games, high level design for microproces-
sors, computer articles for business and crafts, homebrewed equip-
ment, and speech input and output. You can‘t miss for only $13.00.

Up your Own Organization! by Donald M. Dible. A great hand-
book on how to start and finance a new business, this is the most
comprehensive reference we’ve seen on the subject. For the pro-
grammer-consultant or the basement homebrewer-turned-entrepre-
neur, this is your book. It is recommended in the Bank of America
Small Business Reporter and Changing Times magazines. 372 pp.
Available for $14.95 in hardcover.

Fundamentals of Recordkeeping and Finance for the Small
Business by Robert C. Ragan, CPA, and Jack Zwick, Ph.D. Once
you have your organization or business up and running, records
must be kept. What should | keep, and how do | record them? This
book on fundamentals will give you a helpful start. Section One
deals with maintaining records, protecting assets, and providing a ba-
sis for planning. Section Two provides a starting point for owner-
managers who want to sharpen their financial management skills.
196 pp. Only $10.00 in hardcover.

Dealer inquiries invited.

Books to erase the impossible
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CBASIC Is Better

Take CBASIC —the best Business BASIC.
Make it faster, easier to use,
and more flexible, and you have

CBASIC-2

New features that enhance CBASIC's value as the best
buy in Business BASIC:

CHAINING fo pass control from program fo program;
INTEGER VARIABLES allow fast computation in 16-bit binary
arithmetic; MULTIPLE LINE FUNCTIONS allow easier, more
structured coding; XREF produces a cross-reference
dictionary of variables; SAVEMEM reserves memory space
and loads subroutines; SADD% returns absolute address of
stings: CONSTAT% reports console status; UCASES converts
a sting fo upper case; COMMANDS$ refurns contents of
command line; plus CONCHAR%, %EJECT, FILE
BUFFERING, %PAGE, and more.

Special Introductory Price: $89.95

SSG CBASIC version one
owners can update for only:

(send registration * when ordering)
Other vendors sell CBASIC.

But how many back up their custormers when
software is updated? We do.

For information, or fo order, contact:

Jtructured fustems Group
INCORPORATED
5208 CLAREMONT AVENUE
OAKLAND, CALIFORNIA 94618
{415) 547-1567
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GRAPHICS STOCK ANALYSIS
NAVIGATION ASTRONOMY
NUMVBER THEORY GAMES

THE
RECREATIONAL |
PROGRAMMER 2%

Users of computers and programmable calculators
enjoy this magazine! The articles are of
interest to hobbyists and professionals. The
programs are accompanied by explanations
written in clear, logical language. Our
authors are people who own and use machines
like yours!

“The Recreational Programmer” is issued bi-
monthly. It is available by subscription only
for twelve dollars per year {domestic), or
fifteen dollars per year (foreign).

Subscriptions and articles may be sent to:
THE RECREATIONAL PROGRAMMER

BOX 2571
KALAMAZOO MICHIGAN 49003

EXCELLENT CHOICE!
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If the user would like to set up a specific
position from the previous game or some
other game, he can call the BOACMD rou-
tine, which will set up any position he de-
sires. To use this instruction, the pieces are
designated in the standard way (eg: K, Q,
R, B, N and P) and the colors are designated
by L for light and D for dark. The board is
described by starting at the lower lefthand
corner and listing, row by row, the 64
squares. Numbers are used to represent con-
secutive empty squares. The command to
set up the position after 1. P-K4, P-K4, 2,
N-KB3, N-OB3 is: BOARD, LRNBQKBI
RPPPP1PPP5N24P34DP33N4PPPP1PPPR1B
QKBNR.

If the human player is lazy or simply
wishes to test the program, he or she can
type GO and the machine will select a
move. By repeatedly typing GO the user
can sit back and watch the machine play
against itself. The routine that handles
this is GONCMD. To specify a value for
selected program parameter variables, the
player can use LETCMD. For example, the
amount of time the machine spends calcu-
lating a move can be controlled by specify-
ing a limit for the number of nodes to be
searched. The command LET FNODEL =
1000 will cause the machine to set a target
value of 1000 for the number of nodes to
be searched. In this case it will not start an-
other iteration if it has already searched
1000 nodes. If the user is confused about
the current board configuration, the com-
mand PRINT will activate PRICMD which
calls PRINTB for a representation (8 by 8
array) of the board. For diagnostic purposes
the user can also ask for other information.
The routine PAMCMD is activated by PB
and provides an 8 by 8 attack map for each
of the 64 squares. The routine POPCMD is
activated by PO and gives information con-
cerning the side to move (White or Black),
the en passant status after the last move, the
present castle status and the move number.
If the user types PM, the routine PMVCMD
will provide a list of all moves which are
legal for the side to move in the current posi-
tion. The command PL activates PLECMD
which prints the value of a designated vari-
able; for example, the user can determine
the present limit for the number of nodes to
be searched by typing PL FNODEL.

The user also has control over several
switches. He can ask the machine to repeat
{echo) each entry, to pause after 20 lines of
output, and to reply automatically each
time the opponent enters a move. These
switches are set by the switch commands
(eg: SW EC OFF), and are processed by
SWICMD. If the user wishes to manually
alter one or more of the status conditions



the electric pencil 11"

© 1978 Michael Shrayer

The Electric Pencil II is a Character Oriented As text is typed in and the end of a screen
Word Processing System. This means that text is line is reached,. a partially completed word is
entered as a string of continuous characters and shifted to the beginning of the following Lline.
is manipulated as such. This allows the user Whenever text is inserted or deleted, existing
enormous freedom and ease in the movement and text is pushed down or pulled up in a wrap
handling of text. Since line endings are never around fashion. Everything appears on the video
delineated, any number of characters, words, display screen as it occurs which eliminates any
Lines or paragraphs may be inserted or deleted guesswork. Text may be reviewed at will by
anywhere in the text. The entirety of the text variable speed scrolling both in the forward and

shifts and opens up or closes as needed in full reverse directions. By using the search or the
view of the user. The typing of carriage returns search and replace function, any string of
as well as word hyphenation is not required characters may be located and/or replaced with

since lines of text are formatted automatically. any other string of characters as desired.

wWhen text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of Lline length, page length, lLine spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil II in one pass.

NEW FEATURES: +* CP/M, IMDOS and HELIOS Compatible * Supports
Now on CP/M Four Disk Drives * Dynamic Print Formatting * DIABLO as well as NEC
printer packages * Multicolumn Printing * Print Value Chaining *
The Electric Pencil II Page-at-a-time Scrolling * New Bidirectional Multispeed Scrolling
is also compatible with Controls * New Subsystem with Print Value Scoreboard * Automatic Word
Imsai's IMDOS. HELIOS and Record Number Tally * Cassette backup for additional storage * Full
versions SSH and DSH are Margin Control * End-of-Page Control * Non-Printing Text Commenting *
now ready. The NEC print Line and Paragraph Indentation * Centering * Underlining * BOLD FACE *
package is now available.
A utility program that W I D E S €C R E E N v I b E O ! ¢t
converts PENCIL to CP/M
to PENCIL files is ready. Available to Imsai VIO video users for a huge 80x24 character screen.
*CONVERT" is only $35.00. These versions put almost twice as many characters on the screen !!!

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/280 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music VB-1B
or any similar memory mapped video interface. REX versions now available. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB.

Vers video Printer Price

SS-11 SOoL TTY or similar $225.

SP-11  VTI TTY or similar  $225. m MICHAEL SHRAYER SOFTWARE, INC.
SV-11I VDM TTY or similar $225. 1253 Vista Superba Drive
SR-1I1 REX TTY or similar $250. Glendale, CA 91205
SI-II VIO TTY or similar $250. (213) 956-1593

DS-I1I SoL Diablo 1610/20 $275.

DP-II VTI Diablo 1610/20 $275.

DV-I11 VDM Diablo 1610/20 $275.
DR-II REX Diablo 1610/20 $300.

DI-II VIO Diablo 1610/20  $300. Electric Pencil I is still available for non CP/M users:
NS-II  sOL NEC Spinwriter $275. I
NP-II  VTI  NEC Spinwriter  $275. Vers Video Printer Cassette Disk Drive Price
NV-II VDM NEC Spinwriter $275.
NR-II1 ~ REX  NEC Spinwriter  $300. SS SOL  TTY or similar CuTs -—- $100.
NI-II VIO NEC Spinwriter $300. spP VTI TTY or simitar Tarbell -—- $100.
SSH SOL  Helios/TTY $250. SV VDM  TTY or similar  Tarbell -—- $100.
DSH SOL  Helios/Diablo $300. SSN  SOL  TTY or similar cuTS North Star $125.
SPN VTI TTY or similar Tarbell North Star $125.
UPGRADING POLICY: Any version of SVN VDM TTY or similar Tarbell North Star $125.
The Electric Pencil may be upgraded DS SOL  Dbiablo 1610/20 CUTS -—- $150.
at any time by simply returning the DP VTI Diablo 1610/20 Tarbell -—= $150.
original disk or cassette and the DV VDM Diablo 1610/20 Tarbell -—- $150.
price difference between versions DSN soL Diablo 1610/20 CUTS North Star $175.
plus $15.00 to MSS. Accept only DPN VTI  Diablo 1610/20 Tarbell North Star $175.
original media at time of purchase. DVN VDM bPiablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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(eg: side to move, move number, en passant,
castling), this can be done by activating
STACMD.

Notes on Notation

The program also processes standard
chess notation. This is not strictly necessary.
Many programs use their own convention for
entering and reporting moves. A common
procedure is to denote the squares using a
number (1 through 8) for each row and a
letter (A through H) for each column. A
move is defined by listing the present square
of the piece and then the destination square.
For example, the common opening move,
P-K4, would be E2E4. Moving the White
Knight on the kingside from its original
square to KB3 would be G1F3. This con-
vention works nicely but it forces an ex-
perienced chess player to learn a new sys-
tem. Most would prefer standard chess
notation.

Because there are multiple ways to ex-
press the same move in standard notation,
the translation routine needs to be fairly
sophisticated. Consider a position in
which the White Queen’s Rook is on its
original square and the neighboring Knight
and Bishop have been moved. A move which

LSI-11 TIME

December 1978 © BYTE Publications Inc

It's TIME you brought your LSI-11 up to DATE. TIME and
DATE, two important parameters in the computer world, are
available to your LSI-11 on one DUAL SIZE BOARD. When
requested, the TCU-50D will present you with the date {(month
and day), time (hour and minutes), and seconds. Turn your
computer off and forget about the time — your battery sup-
ported TCU-50D won'’t, not for 3 months anyway. The correct
date and time will be there when you power up.

The TCU-50D is shipped preset to your local time, but can be set
to any time you want by a simple software routine.

AT $295
YOU CAN'T AFFORD TO IGNORE TIME

Time is only one way we can help you upgrade your LSI-11 or
PDP-11 system. We'd also like to tell you about the others. So
contact Digital Pathways if you're into -11's. We are too.

DI G41|5‘[ﬂlzdlpfﬂ‘(!.t‘vdjnﬁpvlg A!tHC'

California 94306 « Telephone (415) 493-5544
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places the Rook on the Queen Bishop file
can be designated as R-B1, R-QB1, R/1-B1,
R/1-QB1, R/R1-B1, or R/R1-QB1. It is im-
portant that the program recognize that each
of these character strings represents the same
move. How is this done?

One way is to have the machine generate
a list of all legal moves and then compare
each of these with the move entered by the
player. If his move matches one on the list,
that move is noted. The rest of the list is
then checked and if no more matches are
found, the noted move is assumed to be the
correct one. If no match is found, the ma-
chine prints “illegal move.” If a second
match is found (eg: P-B3 matches both
P-KB3 and P-QB3), the machine prints
“ambiguous move.” The process of trans-
lating the opponent’s move into machine
compatible form and checking its legality
or ambiguity is done by YRMOVE. The
process of translating the machine’s move
into standard notation is handled by
MYMOVE. Both of these procedures call
MINENG, which is responsible for con-
structing the appropriating character strings.

Final Thoughts

This completes our listing of our dem-
onstration chess program. Despite the pro-
gram'’s length, there are many desirable fea-
tures which have been omitted. The reader
with an interest in chess and programming
should use this listing as a starting point for
developing a program. The time required
for move calculation can be reduced by
writing machine dependent code for some
of the frequently used routines. There are
also features which can be added to improve
the leve! of play.

One useful addition would be an opening
library. An effective technique for this is de-
scribed by Slate and Atkin in their chapter
in Chess Skill in Man and Machine (P W
Frey, editor, Springer-Verlag, New York,
1977). An opening library provides the user
with a challenging set of opening moves and
directs the game into situations which are
familiar to the experienced chess player. By
including various options at the early choice
points and using a random selection pro-
cedure, the programmer can insure that the
machine will not always select the same
move sequence. The programmer can also
give the user the option of specifying a
particular opening against which he would
like to practice. For important matches, the
programmer can prepare surprise openings
for the machine in order to gain a psycho-
logical edge on the opponent.

Text continued on page 157






Listing 1, continued from page 140:

FUNCTLION EVROOK (® EVALUATE ROOKS °*)
(AIRS? (® ROOK LOCATIONS *)
BIRSIETVY (® SEVENTH RANK ®)
VAR
INTV ¢ TV3 (® SCRATCH *)
INTE o TIy (* SCRATCH *)
INTS 1 7S3 (® SCRATCH *)
INRS t RS (® SCRATCH *)
BEGIN
INTY 1= 0% (* INITIALIZE *)
INRS 3= Ag
IF NXTTSCINRS, INTS) THEN (® LOCAYE FIRST ROOX *)
BEGIN
ANORS(INRS, As ATKFRIINTS)) S
1F NOT NULRS{INRS) THEN (® ROOK ATTACKS FRIENOLY ROOK *)
INTY 1= INTV ¢ FROUBL! (® GIVE OOUBLED RQOK CREOIT ¢}
ENDS
ANDRS{INRS,A.8) 3 {* ROOKS ON SEVENTM *)

INTI = CNTRSOINRS)E
EVROOK tx INTV ¢ INTISINTI®FRCK7TH: (* CREDIT ROOKS ON SEVENTH *)
END? (* EVROOK ®)

EGIN
IF XTMVIJSNTHICHBVALIJINTK] ¢ MAXPS <= BSTVLIJNTK=2) THEN
€% MOVE WILL PRUNE ANYWAY ©)
INTY 1= NXTHVIINTM) © HBYALIJINTK]
ELSE
BEGIN
INTY 3¢ rwanu-(svnnnunocun'sz.unocvnmnnouoﬂ.s&.nn
¢ FUMINN® CEVMOBL (LB,LN) ~EVHOBL (DB, DN
4 FURAJINS (EVAOBL (LR,LQ) =EVHOBL (OR,0Q) D
+ FMROOK® (EVROOK(TPLOCILR) ¢ XRRSIR7 ]}

=EVROOK {TPLOCCDR) o XRRS{ R21) ]
¢ FUKING®(EVKING(TPLOCILK], TPLOCELP))
~EVKINGITPLOCIOK], TPLOCIOP)) )

) OIV 643
MAXPS 32 MAXK(MAXPS,ABS (INTVI) S
INTY te XTHVIJNTN]® (NBVALIINTX I INTY)Y
END3
IF SHTR THEN
BEGIN
MRITE (™ EVALUB™ s JNTK o JNTH, INDEXTJNTX ], INTY) S
PRINOVI(MOVEST INDEXTJINTXI)) S
ENDS
VALUETINDEXCJINTK]) 8= INTVY
ENDS (* EVALUS *)

-

®* RETURN SCORE *)

FUNCTION SEARCH t® SEARCN LOOK~AMEAD TREE *)
tTM} {* RETURNS THE BEST MOVE *)
LABEL
14, (® STARY NEW PLY *)
12, {® TRY OIFFERENT FIRST MOVE *)
13, (® FLOAY VALUE BACK UP *)
14, 4 FIND AMOTHER MOVE *)
15, (® BACK UP A PLY %)
163 {® EXIT SEARCH *)
PROCEDURE NEMDSTY (® SAVE BEST WOVE INFORMATION *)
Aty g (® PLY OF BEST MOVE *)
VAR
INTH o THg (® MOVES INOEX o)
INRM ¥ RMS (®* SCRATCH *)
BEGIN
BSTHMVIA) t= INDEX[AeL)S (* SAVE BEST MOVE °*)
IF A = AK THEN (® AT FIRST PLY )
BEGIN
INRM 1> NMOVESIBSTMYIA)DL (® SAVE BESY MOVE *)

FOR INTH t= BSYMV(A)=1 DOWNTO AWei 00
MOVESTINTH®L) 1= WNOVESCUINTN]I? (°® MOVE OTHER MOVES DOMN *)
MOVES{AWS1) o= INRMS (® PUY BEST AY BEGINNING ®)
BSTHVLAK) o=z AMels (* POINTS TO BEST MOVE *)
EnD
ELSE
IF NOT MOVES(BSTMV(A)).RMCA THEN
CILLRIJNTK]) 8= MOVESIBSTMVIA))S (® SAVE KILLER MOVE *)
ENDS  (® NEWBST »)

FUNCTION NINMAX (® PERFORN NININAX OPERATION *)
(1343} (® PLY TO NININAX AV *)
[A( 1} 1* TRUE IF REFUTATION *)

BEGIN

MINMAX o= FALSES 4 DEFAULT IS NO PRUNING °*)
IF SHTR THMEN
MRITEC™ MINNAX®A,-BSTVLIA=11,0STVLLIAL,=DSTVLEAGLIYS
IF =8STVLIA®L) > BSTVLIA) THEN
BEGIN
BSTYLIA) 3o =BSTVLIAL]Y
NEMBST (AN S t® SAVE BEST NOVE *)
MINNAX 1= BSTYL(A®L) <= BSTYL(A-L)3
1 RETURN TRUE IF REFUTATION *)
IF SHUTR THEN
WRITE(™ NEM BEST. PRUNE: “.BSTVL(A¢1) <= OSTVL(A=11}%

3
IF SHTR THEN

WRITELNT (* PRINT TRACE LINME *)
END3 (® NINMAX *)
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PROCEOURE SCOREM] {® SCORE NATE *)
BEGIN
NOVESC{INDEX [JNTK}).RUNT ¢= TRUES (® INOICATE MATE °*)
IFf MOVESIINDEXIJINTXI].RNCH THEN (® CHECKNMATE *)
VALUECINDEXTJNTX)) ts  GASINTK -~ 2V
ELSE 1% STALEMATE *)
VILUEIINDEXIJN'KII 1= 93
IF SuTR Tn
IllTEUN' SCOREMN™ o JNTK o ST, INDEXCINTI Yo VALUECINOEXTINTKD D) §
ENDOT {® SCOREM ¢)

FUNCTION SELECT (® SELECT NEXT MOVE TO SEARCH ©)
sT03 (* TRUE IF MOVE RETURNED *)

LABEL

23, (® MEM SEARCH MODE *)

228 (s EXIT SELECT =)
VAR

INT8 1 TE3 (* RETURN VALUE *)

INTK ¢ VK3 {® SCRATCH *)

INTH b THS {® MOVE INODEX °)

INTH ¢ TH (o SCRATCH *)

InNTY 1 ¥vy (® SCRATCH )

PROCEDURE SELOON3 (% SELECT EXIT - DONE.

CALLED WHEN NO FURTHER
MOVES ARE TO BE SEARCHED
FROM TWIS POSETION.

THE CURRENT POSITION MUST
HAVE BEEW EVALUATER. *)

BEGIN
INTB 9= FALSE: (® RETURN NO MOVE SELECTED *)
IF SHTR THEN
WRETELN(™ SELECT",JNTK,"™ Ellﬂ."”
60T0 223 ® EXIT SELECT *)

END3  (® SELOON *)

PROCEDURE SEL MOV (® SELECY EXIT - SEARCM.
CALLED ¥MEN A MOVE TO
BE SEARCHMED WAS BEEN

FOUND. *)
(ArTay g * INOEX TO SELECTED WOVE *)
SEGIN

INTS = TRUES 4% RETURN MOVE SELECTED *)
INDEX[JNTKe1) t= A% €® POINT TO SELECTED MOVE *)
MOVES[AJ.RNSU t= TRUES (® FLAG MOVE AS SEARCHED *)
IF SHTR THEN
SEGIN

MRITE(™ SELECT“+JNTK,ORD(SRCHNEINTKD) yAD S

PRINOV(MOVESEIAY) ¢
EnD3

6010 223
ENDs (* SELMOV *)

® EXIT SELECT »)

PROCEOURE SELNXT t® SELECTY EXIT - MEW MOOE.
CALLED WMEN A WEW SEARCH
MODE IS 70 BE SELECTED *)

tATTH E €® NEW SEARCH NOOE *)
BEGIN

INDEXEJNTKeL) s= LINDXIJUNTKI=3t (° RESET MOVES POINTER *)

SRCHALINTK) t= A3 (% CHANGE SEARCH MODE *)

GOTO 213 {® EXECUTE NEXT NMOOE *)

END?  (°* SELNXTY *)

PROCEOURE SELANYS (% SEARCH ALREADY GENERATED
AND NOT ALREADY SEARCMED *}
VAR
INTH ¢ THg (®* MOVES INOEX °®)
BEGIN

FOR INTM 3= INDEX{JNTKei)ei TO JNTN-1 0O
IF NOT MOVESIINTMI.RMSU TMEN
SELMOVIINTM)S
ENDY (® SELANY °)

BEGIN
218 (% NEW SEARCH MODE *)
CASE SRCHMIJUNTK) OF

H03  (® INITIALIZE FOR NEW MOVE *)
BEGINM

MVSELLINTXK) t= 0% 19 CLEAR NOVES SEARCMED *)
INTY 12 BSTVLIJNTK-2)3 (s SAVE ALPHA *)
BSTVLLINTK=2) 12 =2V} (v INNIOIT PRUNING IN EVALUS °)
WAXPS 3= 0% (* INITIALIZE WAXINUN POSITIOMAL
SCORE *)
GEMALLS (* GENERATE ALL NOVES *)
FOR INTM tm AWes TO JNTH-i 0O
BEGIN
IF UPDATECMOVESTINTHI) THEN
BEGIN
INDEX{JNTK] te INTM] (° POINT TO CURRENWT WOVE *)
EvaLuet (* SCORE POSITION *)

EnND3

OMDATE (MOVES(INTH)) ¢
END3
BSTVLIJINTK=2] 9= INTV] (®* RESTORE ALPMA *)
SORTIT (VALUE HOVES, JNTH=1)}

(* SORTY PRELININARY SCORES °*)

FOR INTK 8= AK TO IK DO

KILLRCINTK) 3= NULMVE (® CLEAR KXILLER TABLE *)
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CIS COBOL is the Compact, Interactive, Standard COBOL which offers
for the first time a cost-effective key to full commercial use of micro-
computers.

It can be used simply and naturally, offers facilities unavailable with
other forms of COBOL, and produces efficient code without wasting

space. For example, a 32K byte sytem is sufficient to run the compiler
or a substantial application program.
CIS COBOL contains the most relevant parts of the ANSI 74 standard

plus extra facilities to provide a powerful interactive business language.
The CIS COBOL Object Pack is available for shipment on IBM compatible diskette to users of a
variety of 8080/Z280 based computers running the CP/M* or ISIS* Operating Systems.

Dealer and Application Vendor terms are available

Evaluation copy $500 in USA, 2 weeks delivery, payment by cheque, American Express or Visa.

Micro Focus offers a CIS COBOL licencing package to OEM’s including access to internal docu-

mentation and program source plus an /nterfacing Kit to enable CIS COBOL to be implemented

quickly in the OEM’s own hardware and software environment. The CIS COBOL compiler is
itself written in COBOL making it self compiling and thereby extremely portable.

MICRO FOCUS LTD 58 Acacia Road, London NW 86AG, ENGLAND, UK
Circle 216 on inquiry card.

Telephone 01-702-8843 TLX 28536

* CP/M is a trademark of Digital Research and ISIS is a trademark of Intel Corporation.
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o : . 221 (* SELECT EXIT *)
Listing 1, continued. SELECT = INTBS (* RETURN VALUE )

END3  (® SELECY =)
1IF SWTR OR SHPS THEN

FOR INTM 8= AMe1 TO JNTM-1 0O BEGIN (* SEARCH ®)

BEGIN BSTHVCAK) 1= AWS (® INITIALIZE MOVE *)
MRITE(™ PRELIN™, INTW,VALUECINTWI)} INDEXCINTK) t= AM3 (° INITIALIZE TREE °)
PRINOV(NOVESIINTMII? (* PRINT PRELIMINARY SCORES *) MOVESCAN) 1= LSTHV} (® INITIALIZE MOVE *)
IF INTW/LPP = INTW DIV LPP THEN EVALUS? t® INITIAL GUESS AT SCORE *)

PAUSERS BSTVLIAK=-2] 3= VALUE(AM) ~ MINOOMS  (® INITIALIZE ALPHA-DETA
ENDE WINDOW *)

SELNXT (H6) 3 1% SEARCH ALL MOVES *) BSTVLIAK=1) )= = VALUECAM] - wINDOWS

END?S JATK 1= AKes3 (® INITIALIZE ITERATION NUMBER ®)
MHILE (NODES <« FNOOEL) AND (JMTK « MAX{ZX DIV 2, ZK-8)) 0O
Wiy (® INITIALIZE AT NEW DEPTW *) BEGIN

BEGIN

MVSELLJNTK] 1= @3 (* CLEAR MOVES SEARCHED *) 11t (* START NEW PLY ®)

::c:“" > JHTK THEN BSTVLIJUNTK] 1= BSTVLIJNTK=213 (% INITIALIZE ALPHA )

N

EVALUSS (® EVALUATE CURRENT POSITION %) 121 t° ODIFFERENT FIRST MOVE °)

INDEX(JINTK+1) tx AW} IF NOT SELECT THEN

BSTVLIUNTKe1) 3= ~VALUE[ INOEX({JNTK})E BECIN

IF MINMAX{JNTK) OR (JNTK = 2K) THEN BSTYLLJINTX) = VALUE[INDEX(JNTK)1}

SELOONS (® THIS MOVE PRUNES *) MENBST (UNTK) 3
SRCHMLUNTK] 1= H23 (® CAPTURE SEARCH °) €nD
END ELSE
ELSE BEGIN
SRCHML JNTK] 3= W33 (® CAPTURES IN FULL SEARCH ®) IF UPDATE (NOVESI INDEXTJNTKe111) THEN
GENCAP (* GENERATE CAPTURES *) GOvo 13 (* START WEW PLY *)
SELNXTY {SRCHNI INTK)) § (® CHANGE SEARCH WODE *) ELSE
END? BEGIN
ONDATE (NOVES{ INDEX[JNTK})) 3
H21  (® CAPTURE SEARCH ®) GOT0 123 (* FIND ANOTHER MOVE *)
BEGIN ENDS
INTH 8z AW t® BEST MOVE POINTER ®)
INTY 1= AV3 (® BEST VALUE °®) 131 (* FLOAT VALUE BACK *)
FOR INTW 1= LINOX{JNTK] TO JNTW-1 0O IF MINMAXCJINTKD THEN
MITH MOVES[IMTH) DO GOTO 153 t* PRUNE ®)
IF NOT RMSU THEN
IF ABS(XTPVIRNCP)) > INTV THEN 161 (® FIND ANOTHER WOVE AT THIS PLY )
BEGIN IF SELECT THEN
INTY 1= ABSUIXTPY{RMCP))} IF UPDATE (MOVESTIMDEX{JNTK ¢111) THEN
GOTO 11 (* START NEW PLY ®)
INTH 3= INTW3 ELSE
END3 BEGIN
IF INTM <> AM THEN (* MOVE FOUND *) ONDATE(NOVESE INDEXIINTK 1) S
SELMOV (INTM) {* SELECT BIGGESY CAPTURE ¢) GOTO 143 (® FIND ANOTHER NOVE °*)
ELSE ENDS
SELOONS * auiT *) END3
ENDS
151 (* BACK UP A PLY ®)
M38  (® FULL NIDYH SEARCH - CAPTURES ®) IF JNTK > AK THEN
BEGIN BEGIN (® NOT DONE NITH ITERATION °*)
INTH o= AN {® BEST MOVE POINTER °*) OMDATE{MOVEST INDEXIUNTK)D) S {® RETRACY MOVE *)
INTY [14] (® SEST VALUE *) GOTO 13%
FOR INTH 9= LINDXI{JNTK] TO JNTW-1 DO ENDY

MITH MOVES(INTM) DO

IF ROV RMSU THEN (* OONE WITH ITERATION ©)
IF ABSIXTPVIRMCPI) > INTV THEN IF (BSTYLEAK]) «= BSTVLI{AK=2]) OR (BSTVLC(AK) »= =BSTVL{AK=1)) THEN
BEGIN BEGIN (° MO MOVE FOUND *)
INTV t= ABSIXTPVIRMCPI) IF MVSELIAK) = 0 THEN
BEGIN (* NO LEGAL MOVES *)
INTH sa IMTM3 GOY0 163 (® GIVE uUP »)
[{TH ENODT
1IF INTM <> AW THEN {® MOVE FOUNOD *) BSTVL(AK=2) 1= =1V} (% SET ALPHA-BETA WINOOM LARGE *)
SELNOV(INTM) (* SELECT BIGGEST CAPTURE *) OSTVLIAK=1) 1= -7V}
ELSE SRCHMIAK) 1 NP3
IF NOT NULMVBIKILLRIJNTK]) THEN JNTN s AKety
BEGIN 6070 113 ® TRY AGAIN *)
INTH t2 JINTMS (® SAVE CURRENT MOVES INDEX *) ENDS
GENFSLIXRSSINILLR{JNTK) .RNFR]) $ BSTVL(AK=2) 1= OSTVLIAK) - WINDOMS (® SETY ALPHA BETA NINDOW ®)
(® GEMERATE MOVE BY KILLER *) BSTVLIAK-1) t= ~ BSTVLIAK) - WINDOWE
SRCHMIJINTK) 12 Mt (* SET MEXT SEARCH MODE *) JNTK 1= JHTKe13 (® ADVAMCE ITERATION NUNBER °)
FOR INTW t= INTW TO JNTW-1 DO SRCHMEAK] 1= W7}
(® LOOK AT MOVES BY KILLER °) ENDS
IF KILLRUJINTX}RHTO = MOVESC{INTMI.RMTO THEN
SELMOVEINTM) ¢ t* SELECT KILLER NOVE *) 161 (* EXIT SEARCM *)
END3 SEARCH 1= BSTMVIAK]? (* RETURN BEST NOVE *)
SELNXT (H4) 2 (® GO TO NEXT STATE °) ENDS  (® SEARCH ®)
ENDS

Het  (® INITIALIZE SCAN OF CASTLE MOVES AND OTHER NOVES
BY KILLER PIECE *)

BEGIN PROCEDURE READERS (* READ INPUT FROM USER °)
GENCASY (* GENERATE CASTLE MOVES *)
SELNXT (NS} 3 € GO TO MEXT STATE *) LABEL
END3 113 (® CONMAND FINISHED EXIT *)
HSI  (® FULL WIDTH SEARCH - CASTLES AND OTHER MOVES 8Y KILLER VAR
PIECE *) INRA 1 RAj (* SCRATCH TOKEN *)
BEGIN INTS ¢ TU3 (* ECHO COMNAND INODEX *)
SELANYS (® SELECT ANY HOVE °*)
GEMFSL (ALLOC( INTK)) ¢ (* GENERATE REMAINING MOVES *)
SELNXTIH6) ¢* WEXT SEARCH MODE )
END3 PROCEOURE RORERR(ATRN) 3 t* PRINT DIAGNOSTIC AND EXIT *)
H63 (® FULL WIDTH SEARCH - REMAINING MOVES *) VAR
BEGIN INTJ 1 TJS (* STRING INDEX *)
SELANY; t® SELECT ANYTHING ON LIST *) INTN 1 TN (® MESSAGE INDEX °)
IF MVSELLJNTK) = 0 THEN
SCOREM? 1® SCORE MATE *) BEGIN
SELDON; (* EXIT SELECT *) IF NOT SWEC THEN (® ECHO LINE IF NOT ALREAOY
END} DOME *)
BEGIN
WPy (% RESEARCH FIRST PLY *) NRITE(™ =)}
BEGIN FOR INTJ t2 AJ TO ZJ-31 DO
JNTH = LINDXCAKe11$ (% POINT TO ALREADY GENERATED WRITE(ILINELINTIID § (% WRITE INPUT LINE *)
MOVES ®) WRITELNZ
MVSELTAK] 1= 0% 1® RESET MOVES SEARCHED *) ENOS
FOR INTW 1= ANeL TO JNTW-i 0O FOR INTJ 1z AJ TO JNTJ DO
WOVES{INTH}.ANSU 13 FALSE} WRITE(™ =)} t* LEADING BLANKS BEFORE ARROW *)
(® CLEAR SEARCMED BIT *) WRITELN(==")3 {®* POINTER TO ERROR *)
IF SHTR THEN FOR INTN ¢= AN TO ZN DO
WRITELN(™ REDO =, JNTN,BSTVLIAR=21,0STVL(AR=L])} .R::é::;ll!"'""= (* MRITE DIAGNOSTIC *)
® SEARCH ALL W .
Eu:ﬁ;uxvcns's t® SEARCH ALL NOVES *) tororin (* COMMAND EXIT *)
END3 ENDI (* RORERR *)
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Listing 1, continued:

FUNCTION RORGNT (VAR LiRA)sTOS

VAR
Ty
SEGIN

(® GEY NEXT TOKEN FRON COMNAND
RETURNS TOXEW IN A.
RETURNS TRUE IF NON-ENPTY
TOKEN.
A TOKEN IS ANY CONSECUTIVE
COLLECTION OF ALPMANUMERIC
CHARACTERS.
LEADING SPECIAL CHARACTERS
IGNORED. *)

(IR & 1] (* STRING INDEX *)

WHILE (JINTJ < TJ) AND (ORDIILINECJINTJII} >= ORD(™e™)) DO
JUTS v JNTJe1Y
- -

A s
INTS o= AAS
UNILE (JNTJ < 2J) AND (INTS « ZA) AND (ILINELUMTI) IN {"2".."9%)) DO
SEGIN
AUINTI) om ILINECINTI)G (® COPY CMARACTER TO TOXEWN *)
INTY os INTJe1s {® ADVANCE POINTERS *)
JUTY &3 UNTJe1}
EnD}
RORGNT 12 INTJ <> AAS (* RETURN TRUE IF ANYTHING
MOVED *)

WHILE (IMTJ « ZJ) AND (ILINE(JINTYI] IN [("A™,."9")) DO
t

JNTJ ss JNTJe1}

® SKIP REST OF TOKEN *)

€MD (® RORGNTY *)

PROCEDURE RORSFT$ (* SKIP FIRST TOKEN IN CONNAND
LINE *)
var
INRA 3 RAT (% SCRATCH ®)
INTS o Y83 (s SCRATCH *)
PECIN
INTJ 1e AJY 1% INITIALIZE SCAN *)
INTB te RORGNT (INRAN{ (* THROW AWAY FIRST TOKEN *)
ENOT  (° RORSFY o)
PROCECURE RORCHD * TEST FOR AND EXECUTE COMMAND
EXITS TO COMMAND EXIT IF
COMMAND IS PROCESSED. °)
) NEW SOFTWARE FOR

YOUR COMPUTALKER!

SOFTWARE PACKAGE Il
avalilable now

CTEDIT A new parameter editor
CSEDIT Editor for CSR1 input
CTEST CT-1 Hardware diagnostic
PLAYDATA To hear the data files
MEMVOICE A vocal memory dumper
KEYPLAY Subr. to play letters/digits
PIANO A simple musical keyboard

8080 Assembly Language
*** Sources included ***
CPM 8, North Star, Micropolis,
Tarbell, CUTS, MITS ACR,
paper tape

on any of the above media $30.00
calif. res. add 6% sales tax

COMPUTALKER CONSULTANTS

1730 21st Street, AB
Santa Monica, CA 90404
(213) 392-5230
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CAIRAS {® POTENTIAL COMNAND KEYNORD °)

PROCEDURE XXXCMO)$ ¢® PROCEDURE YO EXECUTE
COMMAND *)
BEGIN

IF INRA = A TMEN

BEGIN
AXXCHOZ (® EXECUTE CONMAND ®)
G010 143 ® EXIV &)

END3

ENDE  (* RORCHD ®)

PROCEOURE ROL INE ¢ 1% GET NEXT INPUT LINE FRON
USER *)
VAR
INTC ¢ TC: (® SCRATCH *)
INTY & Ty2 (® STRING INODEX *)
BEGIN
READLN? ¢* ADVANCE YO NEXT LINE )
INTS 13 AJS
MMILE NOT EOLN AND (INTJD < ZJ) DO
BEGIN
READ(ICARDUINTUIN G (® COPY INPUT LINE )
INTJ ex INTJe1
ENDS
WMILE NOT EOLN DO
READCINTC) g {® SKIP REST OF INPUT LINE *)
WHILE INTY < 2J 0O
BEGIN
ICARD{INTJ) 9= = =g t® BLANK REST OF LIME *)
INTJ 315 INTJess
ENDY
ICARDIZJ) 1z "3%¢ (® SET END OF COMMAND ®)
JHTY 13 AY3 (% RESET INPUT LINE POINTER &)

END; (° ROLINE =)

FUNCTION RORMOVITE? (* EXTRACT NEXT COMMNAND
FROM INPUT LINE.
RETURNS TRUE IF MON-ENPTY
COnMAND., *)

vaR
Inty 2 T2 (® STORING POINTER *)

BEGIN
MHILE (JWMT) < ZJ) AND {ICAROIJNTI) = = =) DO
NLANEEENT ) FTS R (® SKIP LEADING BLANKS *)
IATY 1s AJg
WHILE (JNTJ « 2J) AND (ICARDIJWTJ) <> ™3=) 0O
BEGIN
ILINE[INYJ) ox ICARD(INTYS):
INTy 3= INMTJes:
INTY t= gmTgeys
ENDy
IF (ICARDUJMTI) = “3i®) AND (JNTJ < 7J) THEN
JATY 2 JUNTje1d (® SKIP SEMI=COLON °)
RORMOVY 13 INTJY <> AJ} (® RETURN TRUE IF NON-EMPTY )
MHILE INTy « 7J DO

BEGCIN
ILINECINTY) o= = =3 €® BLANK FILL LINE ©)
INTY 3% InTJess
EnDg
ILINEC(ZJ) o =32 t* STORE COMMAND TERMINATOR ©)
JNTY e AJS t® PRESET COMMAND SCAN °)

END3  (° RORNOV *)

FUNCTION RORNUNITIS (& CRACK WUNBER FRON CONMAND
LINE, RETURNS NUNBER IF wO

ERROR, EXITS TO COMNANO EXITY
IF ERROR. *)
VAR
INTD 3 T8 s SI6N *)
INTI v TI3 (® VALVE &)
BEGIN

WNILE (JNTJ <« 2J) AND (ILINELJNTI) = = =) DO
JNTJ g JNTJeLy (® SKIP LEADING BLANNS *)
IF ILINELJNTI) = =" THEN
BEGIN
INTS = TRUED
JNTS 3 JNTYeL
£n0
ELSE
BEGIN
INTS 318 FALSE3]
IF TLINELINTI] 3 ™= THEM
JNTJ 18 UNTJe13
END3
INTY 3= 8%
WHMILE ILINECJUNTI) IN ("0°..%"9") 00
BEGIN
IF INTI < NAXINT/10 THEN
INTI 9= L0CINTISORDCILINECINTI)I=ORD(™0")

(% NUNBER IS WEGATIVE *)
{® ADVANCE CMARACTER POINTER *)

(® NUMBER IS POSITIVE ©)
(® SKIP LEADING ¢ *)

ELSE
RDRERR{™ NUMBER YOO LARGE “13
JNTS t2 INTJegs ® ADVANCE *)
END3
IF ILIMELJNTY) IN (™A=,.."2%) THEN
RORERR (™ DIGIY EXPECTED i B}

IF INTB THEN
INTT o= =INTIZ
RORNUM t3= INVIZ
END; (*® RORNUM *)

(* COMPLENENT IF NEGATIVE *)
(* RETURN NUMBER *)

PROCEDURE BOACMD: (® COMMAND -~ SET UP POSITION *)

VAR
INTH 3 T} (* COLOR *)
INYS 1 TS (® POSITION ON BOARD °)



Listing 1, continued:

PROCEOURE BOAADVIASTIN} (® AOVANCE ¥ FILES °*)
SEGIN
IF INTSeA « IS THEN
INTS 32 INTSed
ELSE
INTS = 253
ENDS  (® B0AADY °}

PROCEDURE BOASTO(AITPY (® STORE PIECE OM BOARD *)
BEGIN
BOARD.RBISLINTS) t= A3
IF INTS « IS THMEN
INTS 13 INTSe
ENDI (® BOASTO *)

BEGIN (® BOACHD *)
CLSTATS
LSTHY 13 NULMVS
FOR INTS 13 AS IC 25 0O
BOARD.RBISLINTS]) t= M3
INTW o= LITES
INTS 1= 83
REPEAT
TF ILINELINTI) IN ("P%, "R™, "N "B™ ¢ 0" K"y L™y “0" ¢ 1" "8™) THEN
CASE ILINE(JINTI) OF
“P*1 BOASTOIXTUNPLERP,INTHIIS
“R™1 BOASTO(XTUMPIER,INTH))?
BOASTO(RTUNPLEN, INTH)}
BOASTO(XTUMP(ES, INTHI)S
BOASTO{XTUNPLEQ, INTH) )
BOASTOCXTURPLEK L INTH) )
INTH 3a LIVES
INTH 1= DARK3
wgm, mpn me mm mgn, =g @y, mge

BOAAOVIOROD(ILINELINTIII=ORDI(*0") )3

(® CLEAR STATUS FLAGS *)
t{® CLEAR PREVIOUS MOVE *)

{* CLEAR BOARD *)

END
€LSE
If IULIMELJNTJ) IN [®A®..79"]) THEN
BEGIN
FOR INTS 12 AS TGO ZIS 0O
BOARD,.RBISIINTS) s uV3
CLSTAT:
RORERR{™ ILLEGAL BOARD OPTION
END3
JNTJ 12 UNT Qe
UNTIL JUNTY = 203
ENDS  (° BOACHD *)

CLEAR STATUS *)
“1t

PROCEDURE ENDCNOD; (® COMMAND - END PROGRANM ®}
BEGIN
GO0¥0 93 (* END PROGRAM *)

END:  (* ENDCMD *)

PROCEOURE GONCMDS {® COMNAND - GO N MOVES *)
BEGIN
GOING t= RORNUNS (® CRACK NUMBER °®)

IF GOING «= 0 THEN
GOING 0= 13
6070 23 t* EXECUTE NACHINES NOVE *)
ENDT  (* GONCRD *)

PROCEDURE INICMD} (® COMMAND - INITIALIZE FOR A HEW
GANE *)
BEGIN
6070 13 (® INITIALIZE FOR A NEW GANE ©)

END3 (* INICMD *)

PROCEOURE LETCNOZ (® COMNAND = CHANGE VARIASLE *)
LABEL
211 (® LET CONMAND EXIT *)
PROCEOURE LETONE (® TEST FOR AND SET ONE
VARIAGLE *)
tAsRAS (® VARIASLE MANE *)
VAR BITDD S (® VARIABLE *)
BEGIN
IF A = INRA THENW
BEGIN
8 ga RORWUM] (® GET VALUE °*)
6070 213 t* EXIT &)
ENDS

ENO3  (® LETONE *)

8EG IN

IF RORGNTCINRA} THMEN

BEGIN
LETOMNE ("F KP SHO = FKPSHD) T
LETONE {=FKSAND =, FKSANQ) §
LETONE (=FnaXNT = FNAXNT) §
LETONE (~F NODEL =, FNODEL) §
LETONE ("FPADQR =«FPADCR(F11)]
LETONE (“FPADQN =, FPADCR{F2))3
LETONE (“FPADQB = FPAOCR(F3])
LETONE (~F PADQF = FPAOCRIF&)) S

LETONE (“FPADKF FPADCR(FS)) Y
LEYONE(“FPADKS PADCRIF&)) S
LETONE (“FPADKN FPADCR(PT )T
LETONE { “FPAOKR FPADCRIFO))Y
LETONE (“FPBLOK «FPOLOK) §
LETONE (“FPCONN “oFPCONN) ¢
LETONE (“FPFLNX - FLNX) §
LETOME (“FROUBL “+FROUBLI)
LETONEL{=FRK7TH =+ FRKTTH) §
LETOME (“F TRADE “+FTRADE) ¢
LETOME (“FTROSL “+FTROSL) §
LETOME (“FTRPOX “+FIRPOXK) ?
LETONE (“FTRPUN = FTRPUN) §
LETONE(“FuUK ING =+ FUKING) 3
LETOME ("FuMAIN “o FUNAIN) §
LETONE (“FuNINN “oFUMINMY Y
LETONE (“FuPAuN “FUPANN) ¢
LETONE ( “FuR0oOK <+ FUROOX) §
LETOME (“WINDON "o MINOOW) ¢

RORERR (™ ILLEGAL LEY VARIASLE NANME 1

ENDg
211 (® LEY CONMAND EXIT ®)
END3 (® LEYCWND *)

PROCEOURE PLECNDS

LABEL
213

PROCEOURE PRIONE
(AgRAS
[ 132431

BEGIN
IF INRA = A THEN
QEGEIN
WRITELN(A,0) 3
GOTO 213
ENDS
END3 (® PRIDNE °)

BEGIN (® PLECHD ®*)

WHILE RORGNT(INRA) 00

BEGIN
PRIONE (“FKPSHD "+ FKPSHD) 3
PRIONE ("FXSANQ SoFRSANQ) 3
PRIONE (“FRAXNTY * o FRAXNT) §
PRIONE (“FNODEL “+FNOOEL) §
PRIONE (“FPADQR "+FPADCR[FL)}}
PRIONE (“FPADQN -

PRIONE (“FPADKD

PRIONE ("FPADKNM

PRIONE (“FPADKR

PRIONE (“FPBLOK

PRIONE (™FPCONN =sFPCONN) ¢
PRIONE (“FPFLNX "+ FPFLNX) §
PRIONE (“FROUBL “+FROUBL) ¢
PRIONE (“FRKT7TH “oFRKTTH) §
PRIOME (“F TRADE “+FTRADE) ¢
PRIONE ("FTROSL “+FTRDSL) ¢
PRIONE (“F TRPOX *+FTRPOK) §
PRIONE (“F TRPUN “+FTIRPUN) §
PRIONE (“FUKING “oFUXING) S
PRIONE {“FuNAJN “o FUNAJINS 3
PRIONE ( “FUNINN “oFUNINM) ¢
PRIONE (“F WP ANN “o FUPAUN) ¢
PRIONE ( “FUROOK “+ FURDOK) 3
PRIONE ("W INDOW = NINDOW) §

RORERR (= ILLEGAL VARIABLE NANME

211 (* PRINT LET CCHMAND EXIT *)
ENDS
END3 (°® PLECND °)

PROCEOURE PRICHDS

9EGIN
IF RORGNT(INRA) THEN
PRINTS(NBORD)
ELSE
PRINTRIBOARD.RBIS)]
ENDS (® PRICWO *)

PROCEOURE PANCMHOY

OEGIN
WHILE RORCNMT(INRA) DO
IF INRACAA) = “T™ THEN
PRINAMIATKTO)
ELSE
IF INRATAA) = “F" THEN
PRINAMIATKFR)
ELSE
RORERR(“ ATTACK MNAP NOT °VO°
END? (° PANCHD °*)

PROCEOURE POPCHD3

VAR
INtQ 2 1Q3

BECIN
Wit BOARD DO
BEGIN
WRITELNIXTHAIROTN),™ TO MOVE.™)?
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® CONNAND = PRINT VARIAGLE °)

® PRINT LET COMMAND EXITY *)

t® TEST FOR AND PRINT VARIAGLE *)
(® TESY VARIAGLE WANE °)
(S VARIABLE *)

{® EXIT *)

(® CONNAND - PRINT OOCARD *}

(® COMMAND = PRINT ATTACK WAP )

OR “FROW°™)1

{® COMMAND = PRINY OTHER STUFF °}

(® CASTLE TYPE INOEX *)
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Listing 1, continued:

MRITELM(ROBTS,™ ENPASSANT,.") 3
WRITELNI"HMOVE NUMBER™,RATI):
FOR INTQ 1= LS TO OL 0O
IF INTQ IN RBSO THMEN
MRITELN(XTQAL INTQ),™ SIDE CAS
END3
ENO: (* POPCHD °*)

PROCEOURE PMYCHD?}

VAR
INTW 1 TS

BEGIN
LSTHOV?E
FOR INTW 3z AW TO JNTM-1 DO
BEGIN
MRITETINTMI&L,™ ™) 3
PRIMOV IMOVES[INTWI) §
IF INTW/LPP = INTW DIV LPP THEN
PAUSER?
END3
END: {® PMYCHD *)

PROCEDURE SWICHD;

LABEL
213

PROCEDURE SWIONE
{AIRAS
VAR 9178) 3

VAR
INty ¢ 143

BEGIN
1F INRA = A THEN
BEGIN
INTJ 1= UNTJS
IF RORGNT (INRA) THEN

BEGIN
IF INRA = “ON * THEN
B t= TRUE
ELSE
IF INRA = “OFF " THEN
B t= FALSE
ELSE

JNTY 1= INTJS
PRISHI(A,B)?
END
ELSE
PRISHI(A,8)3

BEGIN (® SWICHD *)

21t (®* SMITCH OPTION EXIT *)
WHILE RORGNT(INFA) NO
BEGIN

SWIONE("EC “JSHEC) S
SMIONE ("PA s SHPAY T
SHIOME(™PS "+ SHPSH
SHIONE (“RE "o SHRE) S
SMIONE{"SU " SHSU) ¢
SHIONE(™TR “LSHTR) S

RORERR (™ INVALIO SWITCH OPTION
END3
END3  (* SWICHD *)

PROCEQURE STACHMDS

LABEL
213

VAR

INRA & RAZ

INTH & TH3

PROCEDURE STAEPF
(ATRAL
LIRS

BEGIN
IF A = INRA THEN
BEGIN
IF INTH = LITE THEN
BOARD.RBTS 1= XTRFSIRG,8)

ELSE
BOARD.RBTS 1= XTRFSIR3(B)3
GOTO 213

€MD
ENDT  1® STAEPF )

PROCEOQURE STACAKS

BEGIN
IF INTM = LITE THEN
B0ARD.RBSQ tx BOARD.RBSQ ¢ (LS)
ELSE
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TLE LEGAL.™)S

(& COMMAND - PRINT MOVE LIST ®)

(* MOVES LIST INOEX *)

{® LIST LEGAL MOVES *)

{® COMHAND « FLIP SHMITCH ®)

(* SWITCH OPTION EXIV *)

{* PROCESS ONE SNITCH *)
(® SHITCH NAME *)
{® SHITCH *)

{* SAVE COMMANDO INOEX °)

(* SAVE CURRENT POSITION °)

TURN SWITCH ON )

{®* TURN SWITCH OFF =)

{* RESTORE CURRENT POSITION °)
{* PRINT SWITCH VALUE *)

{* SMITCH OPTION EXIT *)

(* COMMAND ~ STATUS CHANGES ¢}

(* STATUS COMMAND OPTION EXIT *)

(® CURRENMY TOKEN ®)
t* SIDE BEING PROCESSED *)

t* PROCESS EP FILE *)
(* TEST TOKEN *)
(* EQUIVALENT FILE *)

{® EXIT STATUS OPTION °)

(® ALLOW CASTLE KING SIDE °*}

B0ARD.RABSQ t= BOARD.RBSQ ¢+ (0S)3
END; (® STACAK *)

PROCEOQURE STaC

BEGIN
If INTM = LITE THEN
B0ARD.RBSQ t= BOARD.R8SQ ¢ fLL)
ELSE
BOARD.RBSQ 1= BOARD.RBSQ ¢ (DL1!:
END: (* STACAQ °*)

PROCEDURE STADRK; (®* SET BLACK OPTIONS *)
BEGIN

INTH t= DARKE
END3  {® STADRK *)

PROCEDURE STAENPS (® SET ENPASSANT FILE *)

BEGIN

IF NOT RDRGNY(INRA) THEN

BEGIN
CLSTATS {® CLEAR SYATUS *)
RORERR{™ ENPASSANT FILE OMITTED i R

END

STAEPF("QR 1232

STAEPF (™aN “4F2)3

STAEPF(=Q8 “,F313

STAEPF("Q “eFh)1

STAEPF (™K “FS5)3

STAEPF (~x8 “sF8)%

STAEPF ("XN “sF7) ¢

STAEPF ("KR “yFB)3

CLSTATS (® CLEAR STATUS *)

RORERR(™ ILLEGAL ENPASSANT FILE e R

ENDS  (* STAENP *)

PROCEDURE STAGOS) t* SET SIOE VO MOVE °*)

BEGIN
BOARD.RBTM 1= INTNM3
JNTH 1= INTHE

ENDS (® STAGOS *)

PROCEOURE STALIT: {® SET WMITE OPTIONS *)

BEGIN
INTH 13 LIVES
ENDT  {® STALIT =)

PROCEOURE STANUNS (* SET MOVE NUMBER *)

BEGIN
BOARD.RBYI t= RORNUMS
END: (® STANUM *)

PROCEDURE STAOPT (* TEST STATUS QPTION *)
(ATRAS t® TEST OPTION *)
PROCEDURE STAXXX)3 (* PROCEDURE YO EXECUTE IF

EQUAL *}

BEGIN
IF INRA = A THEN
BEGIN

STAXXXS {® EXECUTE PROCEDURE *)
GOTO 213 (® EXIT STATUS OPTION *)

END3
END3 (® STAOPT &)

BEGIN (® STACKD *)

CLSTATS (* CLEAR STATUS =)

INTH = LITEg {® DEFAULT SIDE MHITE *)
211 (®* STATUS OPTION EXIT *)

WHILE RDRGNT{INRA) DO

BEGIN
STAOPYT (™D “+STADRK)
STAQOPY("EP *+STAENP) $
STAOPT (~G =,STAGOS) §
STAOPT (=L = STALITI
STAOPT ("N =y STANUNY §
STAQPT (=00 =, STACAK)
STAQOPT (=000 =, STACAQ) }
CLSTATS
RORERR (= INVALID STATUS OPTION )y

ENDS
ENOY (® STACMD *)

PROCEOURE WHACHO? (® CONMAND =~ WMAT? *)

BEGIN
MRITELN{MOVHSY?

ENDS (® WHACHD *)

(* PRINT LAST MESSAGE *)

BEGIM (°® READER °*}
119 (® COMMANO EXIT *)
WHILE NOT RDRNOV DO
ROLINES

{® ALLOW CASTLE QUEEN SIOE *)



Listing 1, continued:

IF SMEC THEN
BEGIN
MRITEL™ )3
FOR INTJ 1= AJ 10 ZJ9-1 OO0
MRITECILINE{INTIMIG
MRITELNMZ
ENDS
IF ILINE(AJeL1) IN (=A™, ."W™,~Y","I")
BEGIN
INRA 3= = -3
INRALAA) 1= ILINECAJ)S
INRA(AAeL} 1= ILINEfAJe1)}

RORSFT:

RORCHO (™80 “+B0ACHD) 3
RORCHDL™EN ~+ENDCMO} §
RDRCHO (=GO “+GONCHD) 3
RORCHD ("IN INICHO) §
RDRCMD(=LE “oLETCND) ¢
RORCHOD(~P8O “+PANCHD) ¢
RDRCHD (=PO “+POPCHND) }
RORCHO ("PL “+PLECHO) ¢
RORCHD{™PM “+PHYCND) 3
RORCHOD("PR “+PRICMO) ¢
RORCHD("ST “+STACWO) ¢
RORCHO(™SW “eSWICHD) 3
RORCHD{ “uH “JMHACHO) ¢
RORERR (™ INVALID COMWMAND

ENDS
END; (® READER *)

PROCEDURE MINENG

{AIRMY
BeRANS

VAR
INTN ¢ TN

PROCEDURE ADDCHR
tATTCYY

BEGIN
MOVAHSUINTNI 0 A3
IF INTN < ZIN THEN

INTN 1z INTNeg;

END: (* ADDCHR °©)

PROCEDUKRE ADDSQR
(ALTS
BIRDI S

BEGIN
WITH 8 DO
BEGIN
1F ROPC THEN
ADDCHRUXTUCIXTPUINBORDIA)) ) S
IF RDSL THEN
ADDCHR(=/™)
IF RDXQ THEN
IF XTSF(A) IN (FL..F&) THEN
ADDCHR("Q*)
ELSE
ADDCHR(™K™) ¢
IF RDNB THEN
CASE XTSF{A) OF
F1.,F81 ADOCHRI™R"™}}
F2,F71 ADDCHR(™N™) 3
F3,F6t ADOCHR(™8™)

Fo vV ADDCHR{“Q™} 3
FS 1 ADOCHR("X") 3
ENDS

IF RORX THMEN
IF UNTH = LITE THEN

CASE XTSRUA} OF
Ris ADOCHR(™1=
R21 ADOCHR (™2™
F3s ADDCHRI™3™) 3
Rt ADDCHR{™&™)
RS1 ADDCHR("S™)
R62 ADOCHR(“6"):
R71 ADOCHR (™7™
R8T ADOCHR{™8")$

END

ELSE

CASE XTSR{A) OF
Rit ADOCHRI(“8%);
R2t AQOCHR{™?™
R3¢ ADOCHR(™6™)3
Rkt ADDCHR(®“S™):
RSy ADOCHR{"G™)}
R63 ADDCHRI™3I™):
R?3 ADDCHR({=2=
R8T ADDCHR(™L"

END:

END:

ENDS  {® ADDSQR *)

PROCEOURE ADDWRD
{AIRAL
BITANS

VAR
INTA 1 TAS

BEGIN
FOR INYA 1= AA TO B DO
ADOCHR(ALINTAR) S

ENDI  (® ADONRO *)

{* ECHO LINE *)

THEM

(® EXTRACT KEYMORD ®)

{®* SKIP FIRST TOKEN ®)

(® GEMERATE MINIMUM
ENGLISH NOTATION *)

(* NOVE TO MOTATE *)

1® LEADING COMMENT *)

(% MESSAGE INOEX )
(* ADO CHWARACTER TO RESSAGE *)
{® CHARACTER *)

(® ADD CHARACTER *)

(® ADVAMCE POINTER *)

{* ADD SQUARE TO MESSAGE °®)
t* SQUARE TO ADD *)
(® SQUARE SYNTAX *)

(* ADD WORD TO RESSAGE °)
(* TEXT OF MORD *)
{® LENGTH OF MORD *)

{® CHARACTVER INOEX *)

FUNCTION OIFFER
(A BaRN)
(R4 1

VAR
INTB & TOS

BEGIN
INTB 1= (A.RNFR <> B.RMFR) OR
(A RMTO <> B.RNTO} OR
(A RMCP «<» B.RNCP)3
IF A.RNPR = B.RMPR THEN
IF A.RMPR THEM
OIFFER 1=
ELSE
IF A.RMOQ = B,RMO0 TMEN
IF A.RMOO THEN

{® COMPARE MOVES *)
{* NOVES YO COMPARE °)
{* TRUE IF MOVES ARE OIFFERENT *)

(® SCRATCH )

INTB OR (A.RMPP <> B,RNPP)

DIFFER 1= INTB OR (A.RMWQS <> B,RMQS)

ELSE
DIFFER 1= INTB
ELSE
DIFFER &= TRUE
ELSE
OIFFER ts TRUES

ENDS  t® OIFFER °*)
PROCEDURE SETSQD -
(AITSS te
BIRD3 (34
VAR CISRS (e
VAR 0iSF1 g (°
BEGIN
C tx [R1..R8); i*
D = [Fi..F813%
#ITH 8 DO
BEGIN

IF ROKQ AND RONB THEN
O t= (XTSFLA))?
IF {NOT ROKQ) AND RONB THEN
CASE XTVSFiAl OF
F1,F81 D 1= [(F1,F8)3
F2,FTs 0 ¢ (F2,F7)3
F3,F61 D 3= (F3,F6)3
Fa 10 1= (Fa)y
(11 t 0 s= [(FS)3
ENDY
IF RDRK THEN
C 0= IXTSRIAL}:
ENDS

END; (® SETSQO *)

PROCEDURE MIMGEN [
CAIRNS 13
BITI3 [
CeTINg (84
LABEL
21, te
223 [0
VAR
INTG o 163 te
INTI ¢ 713 (e
INTW 3 Tug (R
INLR ¢ SRS (54
INRR t SR} ts
INLF ¢ SF3 s
INRF 1 SF3 (3]
BEGIN
FOR INTI 15 8 TC C 0O [
MITH SYNTXTINTI) OO
BEGIN

IF A.RMPR THEN

INYG t= A.RHPP
ELSE

INTG 1= PB:
SETSAD(A.RMFR,RYLS, INLR, INLF}: (°®
SETSQO(A.RMTO,RYRS, INRR,INRF)
FOR INTM = AWel TO JNTW-1 0O

IF DIFFER(MOVESIINTWI A) THEN

OEFINE SPECIFIC SQUARE
OESCRIPTOR *)

SQUARE T0 DESCRIBE *)
SYNTAX TO USE *)

SEY OF POSSIBLE RANKS °*)
SET OF POSSIBLE FILES *)

INITIALIZE TO DEFAULTS *)

PRODUCE MININUN

ENGLISN NOTATION FOR

NOVES AND CAPTURES ®)

MOVE QR CAPTURE *)

FIRST SYNTAX TABLE ENTRY ®)
LAST SYNTAX TABLE ENTRY ¢)

EXIT AMBIGUOUS MOVE SCAN °)
EXIT WINGEN *)

PROMOTION PIECE *)

SYNTAX TABLE INOEX *)
MOVES INDEX *®)

RANKS DEFINED ON LEFTY *)
RANKS DEFINEQ ON RIGHT *)
FILES DEFINED ON LEFT )
FILES DEFINED ON RIGHT *)

FOR EACM SYNTAX ENTRY *)

SET SQUARE SETS *)

IF (NBORD(A.RMFR) s NBORD(MOVES{INTH].RNFR)) AND

{A,RNCP = MOVESI INTWI.RMCP)

WITH MOVES{INTW] 00

THEN

IF (XTSRIRMFR) IN INLR) AND
(XTSRIRMTO) IN INRR}F AND
(XTSFIRNFR) IN INLF) AND
(XTSF{RMTO} IN INRF) AND

({RNPR AND (INTG = RMPP)) OR

(NOT RMPR)) THEN

GOTO 213 (® ANOTMER MOVE LOOKS THE SAME °)
(® NO OTHER MOVE LOOKS THE SANME @)
ADDSQRIEA.RMFR,RYLS)? {® ADD FROM SQUARE *)
ADDCHR(RYCH) § {* ADD MOVE OR CAPTURE °*!}
ADOSQR{A,RMTQ,RYRS) ¢ (® ADD TO SQUARE °)
GOTO 223 t® EXIT MINGEN *)
211 (® TRY MEXT SYNTAX *)
END3

221 (® EXIT MINGEN ®)
ENDS (® MINGEN *)

BEGIN (* WINENG °)

MOVYNHS ¢t =

(*
INTN 1 ANetl "
ADDWRD{B,24)% (s
ADDMRO( "= S22
MITHM A DO
BEGIN
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“3

CLEAR MESSAGE *)

INITIALIZE MESSAGE INMODEX *)
ADD INITIAL COMMENT ¢}
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Listing 1, continued:

IF RNOO THEN

0EGIN
ADOWRD (=0~0 bf% 11
IF RNAS THEN
ADONRD(*~0 LN T
END
ELsE

IF RNCA THEN
MINGENTA, SYNCF,SYNCL)
ELSE
MINGENCA, SYNNF,SYNML) §
IF RMPR THMEN
BEGIN
ADOCHRI™=")
ADDCHRIXTGCIRNPP)) 3
ENDY
ADOMRD(™,
IF RNCH THEN
BEGIN
ADOWRO {~CHECK
IF RMNT THEN
ADONRD{™NMATE
ADOCHR(“.*) 3
EnD
ELSE
IF RMMY THMEN
ADOMRD{™STALENATE.=,100 3

“y%3
“eb0lg

€ND3
ENDS  (° WINENG *)

PROCEDURE MYNOVE?

VAR
INRM 3 RM3

BEGIN
CREATES
INRM t= MOVESISEAKCH)S
IF INRM.RMIL THENW
BEGIN
GOING 1= 33
IF LSTHV.RMCH THEN
MRITELN(™ CONGRATULATIONS.™)

LSE
MRITELN(™ ORAWMN, *}
EnD
ELSE
BEGIN
MINENG ( INRN,*
WRITELN(NOVNS) 3
THENOVIINRN I
IF SHSU TMEN

NY MOVE )%

(e
Q]

CASTLE °*)

NQT CASTLE *)
CAPTURE )

SINPLE WOVE *)
PROMOTION *)

CHECK *)

CHECKMATE *)

STALEMATE )

MAKE MACHIMES MOVE *)
THE MOVE *)

INITIALIZE OATA BASE *)
FIND THME BEST NOVE *)
NO MOVE FOUND *)
CHECKMATE =)

STALEMATE ®)

TRANSLATE MOVE TO ENGLISH *)
TELL THE PLAYER °)
NAKE THE WOVE *)

WRITELN(BOARD.RBTI,". "¢ HOOES " NODES.™.0STVLLAK]) S

END3
ENDY {® NYNOVE *)

PROCEDURE YRMOVES

LASEL
18, 32+ 13, 16, 15,
16,
17,
18t

VAR
INTS 1 7B
INYC ¢ TC3
INTH o TJ3
INTP ¢ TP}
INCP 3 TP}
IFCA 3 B3
IFPR 0 T3
IF00 o« T8}
1FQS o 783
INTG 1 163
IFNY o Ty
IFLD 3 183
IFLF ¢ TBg
IFRO 1 T3
IFRF 1 T3
INLF ¢ SF1
INLR 1 SRS
INRF ¢ SF3
INRR 1 SR}
INRN ¢ RN}

FUNCTION NCHIN

(AsSCt
PROCEOURE YRNXXN}

1708

VAR
INTS 3 T8

BEGIN
INTS ¢= NOY (INTC IN A)3
IF NOT INTB THMENM
BEGIN
YRAXXX§
NTJ 1= UNTJe1}
WHILE (INTY < 2J)

1
[
q*
g

("
[t

MAKE PLAYERS ROVE *)

SYNTAX WMOOES °)
SYNTAX ERROR ©)
AMBIGUOUS MOVE °)
NORWAL EXIT *)

VALID WOVE FOUND *)
CURRENT CHMARACTER *)
MOVES INOEX °)

HOVING PIECE *)
CAPTURED PIECE °*)
CAPTURE *)
PROMOTION *)

CASTLE °*)

QUEEN SIDE CASTLE *)
PROMOTION TYPE &)
HOVE FOUND *)

Re Ny OR B ON RIGHT )
K OR Q ON RIGHT )

FILES On LEFTY )
RANKS OW LEFY *)
FILES ON RIGKT )
RANKS OM RIGHY )

THE MOVE *)

OETERNINE IF NEXT INPUT
CHARACTER IS MOT IM A GIVEN
SET *)

SEY OF CMARACTERS TO CMECK °®)
SEMANTICS ROUTINE TO CALL

IF NEXT CNARACTER IS IN SET &)
TRUE IF CMARACTER IS NOT IN
SEY )

SCRATCH *)

EXECUTE SEMANTICS ROUTINE °*)
ADVANCE PAST CHARACTER *)

AND (LILINECJNTI) = = =) OR (ORO(ILINELJINTJIID > ORDIZCH)) OO
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JHTD 0= INTJes
INTC 1= ILINE(JNTID}

{® SKIP BLANKS °)
(% NEXT CHARACTER *)

IF (INTC = “.®) OR (INFTC = =) THEN

6070 153
Enoy
NCHIN = INTBS

ENDE (° NCHIN °®)

PROCEDURE YRMNITS

BEGIN
IF IFMY TMEN GOTO 173
IFNV 10 TRUES
INRN 8= MOVESIINTMIS
ENDT  (® YRMMIT °)

PROCEOURE YRMCOM]

BEGIN
WITH NMOVESCINTN) 0O
If (XTSR{ANFR]} 1IN INLR) AND
(XTSFI{RMFR) IN INLF) AND
IXTSRIRNTO) IN INRR) AND
(XTSF(RATO) IN INRF) ANOD
(NOT RMIL) AND

(BOARD.RBISIRNFR) = INTP) THEN

IF RNCA a IFCA TMEN
IF RMCA THEN
IF RNCP = INCP TMEM
YRANTT
ELSE
ELSE
YRUMIT
ENDI  (* YRNCOM ®)

PROCEDURE YRMCAP?
BEGIN

IFCA t= TRUES
€END3  (° YRMCAP *)

PROCEOQURE YRMCASS
BEGIN

1FO0 3= TRUES
ENO3 (° YRNCAS °®)

PROCEDURE YRMCPC]

BEGIN
CASE INTC OF

t® EXIT SCAN *)

(* RETURN TRUE IF CWARACTER IS
NOT IN STRING *)

(® FOUND A WOVE., EXITS
TO AMBICUOUS MOVE IF TWIS
1S THE SECOND POSSIGLE MOVE.
SAVES THE MOVE IN INRN
OTHERWISE. *)

(® SECOND POSSIBLE WOVE *)
{® FIRT POSSIBLE MOVE *)
(* SAVE RmOvE *)

(® CONPARE SQUARES. CALLS YRNHIY
IF MOVESLINTH) MOVES THE
RIGHT TYPE OF PIECE. CAPTURES
THE RIGHT TYPE OF PIECE, ANO
MOVES TO AND FROM POSSIGLE
SQUARES *)

{® SEMANTICS - CAPTURE °*)

(* SEMANTICS « CASTLE *)

t® SEMANTICS < CAPTURED PIECE °)

P"1 INCP 3= XTUNPLEP,OTHERIJINTNIDE
"RTt INCP t= XTUMPIER,OTHER[{JINTN))I
“N"y INCP 1= XTURPIEN,OTHMER[JINTN]]
“B“t INCP 1= XTUMPCEB,OTHERIJNTM))S
“Q“1 INCP 3= XTUMPTEQ,OTMERL INTHIIE

€NDY
ENDS  (® YRNCPC °)

PROCEDURE YRMCQSS

BEGIN
1FQS 3= TRUE}
ENDT  (® YRMCQS °*)

PROCEOURE YRWLKGY

BEGIN
CASE INTC OF
“K=0 INLF 1 (FS,.F8) ® INLF3
“Q”t INLF t= [F1..Fe) ® INLFI
END}
IFLF 1s TRUE}

ENDS  (® YRMLKXQ *)

PROCEDURE YRMLRB}

BEGIN
CASE INTC OF
“"R™1 INLF 3= (F1,F8) * INLF}
N1 INLF o= (F2,F7) ® INLF}
“8"r INLF t= [F3,F6) * INLFS
END§
IFLO 1= TRUE:
END (® YRNLR8 *)

PROCEOURE YRMLRX:

BEGIN
IF JNTM x LITE THENM

(% SEWANTICS = CASTLE LONG *)

(® SEMAMTICS = X OR Q ON LEFT *)

% XING SIDE °)
% QUEEN SIDE *)

1® SENANTICS = R, N, OR 8 ON

LEFT &)

(* ROOK FILE *)
t® KNIGHT FILE *)
(® BISHMOP FILE *)

{® SEMANTICS - RANK ON LEFT *)






Listi

ng 1, continued:

CASE INTC OF
“1 INLR 1z [R1)}3
=21 INLR = tR21:
*3%1 INLR s= (R3)}
“&"3 INLR 1= (R&)S
“5=1 INLR ta (RS)}
“6™t IMLR o= (R6)3
7"t INLR 33 (R7)?
“8%3 INLR 3= (R8)}
END
ELSE
CASE INTC OF
“1*s INLR t= (RS§)?
INLR = (R7)}
INLR 3 (RE)Z
INLR o= (RS)%
INLR 2= (R4S
INLR 2= (R3)}
INLR = [R2)%
INLR = (R1)}

ENDS

PROCE

BEGIN
END

PROCE

BEGIN
caS
-p

R

)

-8

)

“x

END
ENDS

PROCE

BEGIN

CAS|

“R

N

“8

“Q

END

IFP
ENDS

PROCE

BEGIN
CAS

{® YRALRK ®)

DURE YRMMUL 3

(® YRMNUL *)

DURE YRMPCHS

€ INTC OF
=1 INTP s
"1 INTP 3
INTP 3a
=t INTP tw
9 INTP ¢=
“t INTP 1tz

XTUNP(EP,JNTH )}
XTUNPLER s JNTH)S
XTUMPLEN, JNTN]§
XTUMP(EB, JNTN]3
NTUMPIEQ, JNTNI
XTUMPLEK, JNTH) S

!
{® YRMPCH *)

DURE YRMPROS

€ INTC OF
"1 INTG s
“t INTG &=
“t INTG 1=
1 INTG =
1
R 1= TRUES
(® YRHPRO *)

Pk}
PN
PBg
fas

OURE YRMRKQ3

€ INTC OF

“K™t INRF 1=
“Q”t INRF 3=
ENDY

IFRF 33 TRUES

(F5..F8) ¢ INRFY
[F1..F&]l * INRF3

PROCE

BEGIN
CAS
"R

=Ny

=8

END

IFR
END3

PROCE
BEGIN

IF
c

€
ELS
c

END:

156

t* YRMLKQ *)

OURE YRMRRB S

€ INTC OF
=t INRF 13 [F1,F8) ® INRF3
INRF 1z [F2,F7) * INRF3
=t INRF t3 [F3,f6) ® INRF3
3
0 $= TRUES

(® YRMLRB *)

OURE YRMRRK

JNTN = LITE THEM
ASE INTC OF
~1%1 INRR &=
“2%3 INRR 1=
“3"1 INRR tx
“4”t INRR 33
=5~1 INRR 1z
=61 INRR 1=
“7“t INRR 3=
=8%1 INRR 1=
NO

€

ASE INTC OF
1”1 INRR 1=
=21 INRR tz
=3"t INRR 3=
“6e™s INRR =
“$"1 INRR =
=61 INRR 1z
=77t INRR t3
“8%t INRR 3=z

(R113
(R213
(R3):
(R&)E
{RS5)3
(R613
(R713
(RB);

(R8):
(R71%
(R613
(RS13
(RG13
(R3)3
(R2)3
(R1)3

END?
(® YRMLRK *)
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SERANTICS - NULL *)

SEMANTICS - PLECE MOVED °*)

PANN *)
ROOK *)
KNIGNT *)
BISHOP *)
QUEEN *)
KING *)

SEMANTICS ~ PROMOTION *)

ROOX *)

KNIGHT )
BISHOP *)
QUEEN *)

SEMANTICS - X OR Q ON RIGHT *)

KING SIOE *)

QUEEN SIOE =)

SEMANTICS = R, N,
RIGHT )

ROOK FILE *)
KNIGHMT FILE )
BISHOP FILE *)

SEMANTICS - RANK ON RIGHT ®)

BEGIN

(* YRMOVE °*)

INTB ¥= FALSES

WHILE NOT INTS DO
BEGIN
READERS {® READ NEXT MOVE *)
LSTHOV] (* LIST LEGAL MOVES *)
IFCA = FALSES
IFPR t3 FALSES
IFO0 s FALSE};
IFQS 3= FALSES
IFLD tx FALSES
IFLF 1= FALSE}
IFRD &= FALSES}
IFRF 5= FALSES
INTP 3= MT§
INCP t= NT§
INLF 1= (F1,.F8}3
INRF 1= (Fl..FO)}
INLR 12
INRR 1=
INTC oz ILINELJNTISS
IF NCHINCL®P®,"R*", "N=,"B" “Q"s “K"), YRNPCH)} THEN GOTO 143
IF NCHINGL=/") SYRNNUL) THMEW GOTO 11%
1F NCHINC(=K™,=0™) «YRMLKQ) THENS
IF NCHINLI=R*®,"N","8") 2 YRMLRS) THENT
If NCHINL[™1".."8") s YRMLARK) THENS
141 (* LEFY SIDE DONE *)
IF NOT NCHINI(“-"} +YRMNUL) THEN GOTO 123
1F -x= +YRMCAP) THEN GOTO 163
IF "R, N, 78", "Q") +YRNCPC) THEN GOTO 163
IF NCHINC(™/™] + YRMNUL) THMEN GOTO 133
12y {® RIGHT SIDE SQUARE *)
IF -Q~ + TRMRXQ) THENS
IF “8*°] +YRMRRB) THEWS
1F NCHINCL=1%..78") s YRERRK} THEMS
131 {® PROMOTION ®)
¥ NCHIN(("=™) +YRMNUL)} THEN GOTO 153
IF NCHINCL®R™, "N",*B","Q"} +» YRRPRO} TMEN GOTO 16°¢
GOTO 153
148 (® CASTLING *)
1f NCHINET{=0™,=0") +«YRMNUL) THEN GOTO 163
IF NCHINI{==~=) s YRMNUL) THEN GOTO 163
1F NCHINE{=0",%0") +YRMCAS) THEN GOTO 163
IF NCHIN((==") +JYRNCQS) THEN GOTO 153
1F NCHINC[=0",~0") »YRMNUL) THMEN GOTO 363
158 (¢ SYNTAX CORRECT *)
IF 1FRF AND NOT IFRD THEN
INRF 312 INRF * (F&,FS13 {® SELECT X OR Q FILE ®)
IF IFLF AND NOT IFLD THEN
INLF = INLF ® (F&,FS)3 {® SELECT K OR Q FILE *)
IFHV 8= FALSE: (* NO MOVE FOUND YET *)
INTW o= AN} {® INITIALIZE INDEX °*)
WHILE INTW < JNTW DO
MITH NOVESUINTW) DO
BEGIN
IF RMPR = IFPR THEN
IF RNPR THEN
1F RMPP = INTG THEN {® CORRECT PROMOTIOM TYPE *)
YRMCON 1% COMPARE SQUARES AND PIECES °*)
ELSE
ELSE {® NOT PROMOTION )
1F RMQO = IFOO0 THEN
IF RMOO THEN (® CASTLING *)
IF RMQS = IFQS THEN {® CASTLING SAME wAY *)
YRMHIT
ELSE
ELSE (® MOT CASTLING *)
YRMCON? (® COMPARE SQUARES AND PIECES *)
INTW 13 INTWe1s {® ADVANCE MOVES INDEX *)
(L]
IF IFNV THEN {® ONE MOVE FOUND *)
BEGIN
NINENG (INRN,“YOUR MOVE “)3 {® CONVERY TO OUR STYLE *)
MRITELN(MOVNS) } (® PRINT NOVE *)
THENOV {INRM) § {* MAKE THE MOVE *)
INTB &= TRUES (® EXIT YRMOVE *)
END
ELSE (* NO WOVES FOUND °)
WRITELN{™ JLLEGAL MOVE.™)3
6070 183 (* EXIT ©)
161 (® SYNTAX ERROR *}
MRITELN(™ SYNTAX ERROR.™)}
GOTD 18 (® EXIY @)
17t  (® AMBIGUOUS MOVE *)
MRITELN(™ AMBIGUOUS MOVE.™)t
188 (* EXIT )
END3
END?  (® YRMNOVE *)
BEGIN (® THE PROGRAM *)
WRITELNU™ W1, THIS IS CHESS .5%)3
INICONS t® INITIALIZE CONSTANTS *)
1t (® INITIALIZE FOR A NEW GAME *)
INITAL (BOARD): (® INITIALIZE FOR A NEW GAME *)
REPEAT
REPEAY
YRMOVE § t* EXECUTE PLAYERS NOVE *)

UNTIL SWRE}

t* EXECUTE MACHINES MOVE *)
REPEAT
NYNOVE
IF GOING » 0 THEN
GOING t= GOING-13
UNTIL GOING = 03

UNTIL FALSES

91

END.

(* END OF PROGRAM *)






Continued from page 10

recovery from transmission errors. Add
to this the fact that the protocol has
been in service a number of years, and
I am sure readers will find the literature
worth reviewing.

Carroll Perkins
POB 333
Pilot Mountain NC 27041

SIZING UP
MODULAR PROGRAMMING

| enjoyed the “Top-Down Modular
Programming” by Albert D Hearn in
the july 1978 BYTE, page 32. | thought
he did a good job of explaining the sub-
ject. While | realize that he was pur-
posely trying to simplify matters, | do
take exception to his comment that a
module should be no more than 50 lines
long.

The concepts of structured pro-
gramming are intended as guidelines,
not as the dogma for a programmer’s
religion. All of the better known pro-
ponents of the methodology stress this
point, along with the idea that you must
approach the study of structured pro-
gramming with your eyes open, making
your own evaluation. In this light let us
explore the 50 line limit.

One of the bases for breaking a pro-
gram up into modules is so that a com-

plex problem can be handled with small,
easy to understand pieces of code. One
of the thoughts about module size is,
therefore, that a module ought to be
able to fit on one printed page. This is so
that all the information about the
module is in one place and the pro-
grammer won't have to thumb through
several pages to read the code for a single
module. Having experienced ‘‘modules”
running as long as 10 to 15 pages, |
heartily agree with this philosophy.

In professional programming instal-
lations, this idea has frequently been
translated into a local standard of about
50 lines of code, since this is the number
of lines which are printed on an 8.5 by
11 inch (21.59 by 27.94 cm) page
coming out of a line printer (allowing
for headers, footers, etc). For the
personal computer enthusiast, however,
this limit might be more conveniently
set at 24, 32 or 40 lines—the size of the
video display.

For many more complex problems,
it is possible that a significant module
cannot be constructed in 24 lines. This
is no problem—just make the modules
longer. The point is to try to restrict the
module size to a length which enhances
the programmer’s ability to understand
the code.

James Fleming
2220 Sims Dr
Columbus IN 47201

Announcing . . .

SMALL BUSINESS COMPUTERS Magazine

The magazine for users and potential users of
small business computer products and services

® The monthly magazine for businessmen in the process of purchasing or installing their first com-

puters.

® The practical how-to publication written in non-technical language and stressing business applica-
tions for small computer systems. Each monthly issue includes:

FEATURE SURVEY REPORTS: Such as. Software Packages for Small Business Applications.
Small Manufacturing Systemns. Inventory Control Systems, Microcomputer Business Appliactions,
and so on.

APPLICATION STORIES: Real-life examples of computer applications in the smal! business en-
vironment — capabilities, benefits. what to watch for, and much more of direct interest to the smalt
businessman.

COMPUTER PROFILES « IDEAS AND INNOVATIONS « INFORMATIVE ADS

SPECIAL CHARTER SUBSCRIPTION
12 issues @ 50% off

Receive the next 12 issues of Small Business
Computer Magazine for just $9 . . . 50 off the
cover price

Mail the coupon today to: SMALL BUSINESS COMPUTERS Magazine
33 Watchung Plaza ¢« Montclair, NJ 07042

A A O I O I O O A U I I O O O A O D B D N R B B B
SMALL BUSINESS COMPUTERS Magazine ¢ 33 Watchung Plaza ¢ Montclair, NJ 07042

O YES. Enter my charter subscription at the !, price cost of $9 for 12 monthly issues.
O Check enclosed. O Bill me.

Name

Organization
Address
City/State Zip
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LIGHT SEEKING ROBOT

I enjoyed your “On Building a Light-
Seeking Robot Mechanism” article
(August 1978 BYTE, page 24). The
sonar description caught my eye, since |
am working on a similar problem, and
the approach in the article appears to be
more complex than necessary. To + T
and Tpg + TR describe a unique point in
the plane. Only if human interaction
with this data were intended would it be
necessary to translate this to & and TQ.
An array in memory could map the
plane, or decision points could be estab-
lished and checked against current
values. We must be careful to avoid lim-
iting the robot to human perceptions.

John Gledhill
678 Washington Av #4
Yuba City CA 95991

CIARCIA’S CIRCUIT CELLAR

| am not one for writing to a maga-
zine, but your article “‘Let Your Fingers
Do the Talking” (August 1978 BYTE,
page 156, and September 1978 BYTE,
page 94) was right on! 1 read magazines
and use the ideas and never let editors
know. | sometimes write the authors.

Mr Ciarcia’s article was just the best
idea for a teacher like me.

| have been trying to get such an idea
and equipment for my kids in my class-
room.

This article has helped me take one
more step toward my ideal computer
learning system for my kids. The touch
panel is a great help for younger kids.
Thanks!

I will be busy building the hardware
and developing the software. | can’t
wait for the next article. Tell Steve to
keep the software coming and tell him
what a great contribution he has made.
I can’t wait to see my kids’ reaction.

Harold R Whitlock
616 2nd St
White Bear Lake MN 55110

A QUESTION OF PATENTS

I read with interest the articles en-
titted “Let Your Fingers Do the
Talking,” as they relate to a noncontact
touch scanner or panel. As you are
aware, the University of lllinois has two
patents covering the touch panel de-
scribed in the article. They are US patent
numbers 3,775,560 and 3,860,764. My
company represents the University of
llinois Foundation in the licensing of
these patents.

While we have no objection to your
description of how to build the touch
panel, | would appreciate your taking
appropriate steps to notify BYTE
readers that, if they desire to build the
touch panels commercially, they will
need a license under our patents.

These patents have already been
licensed to several companies in the US
and their foreign counterparts licensed
abroad. We are willing to provide licens-



ing terms and conditions to interested
commercial entities.
Thank you for your consideration.

A Sidney Alpert
University Patents Inc
2777 Summer St
Stamford CT 06905

Steve Ciarcia replies:

While | am personally aware of
Journalistic freedoms with regard to
patents, many readers may not be. Your
statement is well taken. It should be
further noted that the University of
lllinois patents appear to cover the
scanning principle and not the design
circuitry.

PLATO AND THE TOUCH PANEL

I lead a double life: during the night
I make up little things for my own
Apple, but during the day | become a
rising young training executive of the
CDC Plato terminal.

And that’s why Steve Ciarcia's article
on touch input units brought me up with
a start — because his touch panel is
nearly identical to the touch panels
put on the first Plato terminals! I'm
taking about the original Magnavox
terminals that brought Plato out of the
lab in lllinois and into the world. Those
terminals, just like Steve's monitor,
had a picture frame around them with
32 LEDs and 32 phototransistors. In
fact, there are only minor differences
between them and Steve’s design except
for the aspect ratio — Plato terminals
have square screens. The Plato panels
even had a built-in circuit that triggered
the 0.1 second beep Steve mentioned
in his article.

One minor difference was that Plato
panels had the LEDs on the top and
the phototransistors on the bottom.
Steve's method is better — the old touch
panels would fail regularly whenever the
sun shone on them at the wrong angle.

Those old panels are obsolete now.
Both CDC and the other Plato terminal
maker are using different designs, under
direct control from an internal micro-
processor. But there are still plenty of
the old Magnavox boxes out there, in
schools and colleges across the country.
In fact, three microprocessor systems
that | know of display output through
a gutted and rewired Magnavox box,
bought on the ‘orange and black
market.” (named for the color of the
old plasma screens, you know.}

Silas S Warner
8 Charles Plaza
Baltimore MD 21201

Steve Ciarcia replies:

Thank you for the vote of confi-
dence. It may interest you to know that
| worked for Control Data Corporation
for three years as a process control
engineering consultant. During that time
| became familiar with Plato, but never
have, to this day, used the touch input

feature. 1 just liked to go in after work
and play Star Trek or Empire against
other people on the system throughout
the country.

The design illustrated in BYTE was
done from scratch and any resemblance
to Plato is purely coincidental. | just
got an idea for it one Friday afternoon
and brought the completed unit into
the office Monday morning.

VOICING AN OPINION

Congratulations to Bill Georgiou for
his excellent primer on speech recog-
nition in June 1978 BYTE (““Give an Ear
to Your Computer,” page 56). This
wide-ranging and complex topic was
presented in a most understandable
form, yet did not sacrifice excessive
detail.

As Mr Georgiou stated, voice recog-
nition has a rather long history, and has
intrigued avid experimenters such as
myself for some time. Back in 1965, |
designed and built a demonstration unit
capable of differentiating ten different
words or short phrases, and activating
one of ten relays upon completion of
analysis. The project was awarded a first
prize at the Canada-Wide Science Fair
that year.

The implementation was not unlike
figure 12 in the article, an automatic
gain control stage followed by multiple
bandpass filters, except that all pro-

cessing was done in analog. A degree of
differential comparison was incor-
porated, to provide for the variableness
of fundamental pitch in each speaker.
Template matching was used, with a
great deal of “cut-and-try’’ programming
effort. And if Mr Georgiou thinks the
Bell Labs version of 1952 was ‘“‘gro-
tesque,” he should have seen this one,
built from old television sets and record
players.

Although the machine displayed
about a 90 percent recognition rate for
my voice (it had obviously been pro-
grammed that way), | was constantly
surprised during public demonstrations
how often it would react correctly to a
‘“stranger’s’’ voice. With a little practice,
even a feminine voice could speak the
word ‘“‘open” and see my little solenoid
lock snap back.

The article has rekindled my interest
in the field, and | shall be looking for-
ward to implementation with my micro-
processor now.

F Wallace

Burroughs Business Machines Ltd
POB 861

Winnipeg, Manitoba

CANADA R3C 2P7

CALLING ALL COMPUTERS

| got quite a zing out of Donald
Newcomb’s letter on the evils of radio

N

—

adults.

> L
=

TURN YOUR COMPUTER
INTO A TEACHING MACHINE

The staft at Program Design did not learn
about educational technology from a book—
we wrote the book! We have been innovators in
such teaching materials as programmed instruc-
tion and multimedia presentations. We also belong
to that minority in education who actually test ma-
terials to see that people can learn from them.

Now Program Design brings this experience to the personal
computer field. PDI is developing a line of educational and
game programs for the whole family—from preschool chiid to

Program Design educational software uses the computer's full teaching
potential in exciting and effective ways. Programs are simple to use and
memory efficient, and most important . . . they teach!

our programs.

TAPES NOW AVAILABLE FOR THE TRS-80, PET, APPLE Il

SAMPLE OUR SOFTWARE FOR $2.00. Send us $2.00. your name, address, and
type of computer, and we'll send you a tape for your computer with actual samples of

Or circle our number on the reply card for a printed catalog.
Department 200 PROGRAM DESIGN, INC. 11 IDAR COURT GREENWICH, CONN 06830
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Pascal for Computer Club Members

The UCSD Pascal Project has an-
nounced a special offer for bona fide
computer clubs. The UCSD Pascal soft-
ware, which normally sells for $200,
will be made available to club members
at a sustantial discount if the club assists
in the copying and production costs for
disseminating the software. For more
information, computer c¢lubs should
contact Tracy Barrett, CO 21, UCSD,
La Jolla CA 92093.m

Attention: HAL 9000 Owners

We have just received word-of an
important new book: Programming
Instructions for the HAL 9000 Com-
puter, revised edition. The new edition
of the HAL 9000 handbook has been
updated to incorporate improvements
suggested by this versatile machine’s
surviving users. In particular, the manu-
facturers suggest that priority be given
to the retrofitting of small explosive
charges at strategic points in the central
memory unit.

Authorized by

Arthur C Clarke

Chief Semantic Controls Engineer
Colombo SRI LANKA®

Some BOMB Reflections

Occasionally we like to share some of
the unfettered comments, pro and con,
that arrive monthly on the BOMB cards,
our system for reader response through a
postacard at the back of the magazine.

The following BOMB card came from
an anonymous Pascal enthusiast:

Other BOMB comments about the
August issue include:

Best BYTE | have read in a
long time. Please devote more dis-
cussion to Pascal. The language in
jts beauty, compactness and read-
ability is worth talking about.
Would like to know more about
the extensions being discussed for
the language.

The article by Weems ('De-
signing  Structured Programs’’)
was easy to comprehend and
delivered a valuable message.

This was one of your best
issues. | like having related articles
in one issue.

To be fair, not all the comments were
as positive as the last three. The follow-
ing BOMB card was also received for the
month of August:

BOMB: svres Ongoing Montor Box 4188

0V TE \ BOM

Artigle
Number  Poor Fae Good  Very Good Excellant Wow!
1 f @ 3 4 5 8 71 8 9 10
2 ' 3 4 & & 7 8 % 0
3, 12 4 5 L] 7 8 9 10
& 9 [ ] 4 8 8 7 8 & w0
1] 1 2 4 5 [ ] 1 a 9 10
[ ] 1 2 L [ ] [ 7 [ ] ] 10
7 1 2 4 5 [ ] 7 8 '] 10
] 2 3 4 & @ 7 8 9 0
® b 2 3 4 & 8 7 & 9 10
wi o T D3I ¢« & ¢ T 8 9 0
nlo 1 2 2 <? 5 & 7 8§ 9 10
""CP"" ] s 8 72 3-8 10
12 1 2 3 4 s [] 7 ] 1] 10
4ff 0 1 2 3 ¢ 8 8 7 8 B O
1 6 1 2 3 4 s & 7 8 % 10
B e 1 2 3 4 s 6 7 8 8
1 ¢ 1 2 3 4 s & 1 & % 1
v Wflo 1 2 3 4 8 8 7 8 8 0
19 [} 1 2 3 4 1] . 7 L] 9 10
136 1 2 3 4 s 8 7 8 9 0
[ Vs s _owe of rwr
Xptd MAG'T you hire pebisies
et g
Hrwald 1o vee (i
o °
Jv, Ti#

BOMB:  8vTE' Ongong Monter Box 4138

<

,‘

soMB Y eresaees Rating cevverse

Aruele . .,

Number  Poor Far D Good Very Good Excellent Wowl IO
vlo 12 NMa s 8 3 q 9 _10
2l @ 2 3 o s 7 [l
31lo 1 2 31 «a e« 72 8 9 10
elo v 2 3 @ $ ¢ 1 8 9 00
sl o 1 2 3 a4 8 e 7 8 9 10

- 8 o 1 2 3 a s & 7 8 » 8
o v 2 3 4« 5 6 3 8 9
[} ) 2 9 & s & 2 8 @

9 T2 1 4 5 €& 7 8 9

10 1 2 3 4 s a 7 8 1 ] °
1 1 3 4 L] L] ? 8 9 10
1210 @ 3 4 5 8 1. 0 8 W
e 1 3 4 s & 7 8 9 10

.. ] ) 2.3 4 s ¢ 72 8 & 10
w|lo 1 23 a4 5 8 71 8 9 10

t 18 L0 1) 2 3 4 | I} T 8 0..W
o 1 2 3 4 s e 7 8 9 10

.18 1.0 Ty .2 3 4 s 8 T 8 9278
wlo v 2 3 4« s 8 7 8 9 10

vW]:0 t 2 3 4 B T 8 9V

c Meg

We have been suitably chastened.
This is the first time we have been ac-
cused of not being subjective enough,
and we will attempt to examine the pro-
blem as subjectively as possible. .. .CM®E

Incremental Motion Control Symposium
Issues a Call for Papers

The Eighth Annual Symposium on
Incrementa! Motion Control Systems
and Devices will be held at the Ramada
Inn, Urbana IL, May 21 thru 24 1979.
A call for papers has been issued by
Prof B C Kuo, director of the sym-
posium, which is sponsored by the
Incremental Motion Control Systems
Society, in cooperation with the Univer-
sity of Illinois, Dept of Electrical Engi-
neering, and Warner Electric Brake
and Clutch Company of Beloit WI.

The symposium will encompass a
broad area with sessions devoted to
tutorial papers as well as original con-
tributions, covering step  motors,

MAXIMIZE

YOUR MICRO!
8080/Z80 System Software

Purchasing a microcomputer system, even at
today’s low prices, is a significant investment.
And to utilize that investment to its full extent
requires a solid base in system software. Don’t
just accept what comes with your hardware. . .
there’s a better alternative!

OPUS/ONE: Business-oriented, block-struc-
tured high-level language. Includes such
capabilities as extended arithmetic precision
(up to 55 digits), multi-character variable
names, and easy to use string operations.
Includes a built-in DOS with random access
files.

OPUS/ONE........ccciieeiiennnn. $99.00

OPUS/TWO: Extends the capabilities of
OPUS/ONE with such features as error trap-
ping, machine code and OPUS subroutine
calls, overlays, and more disc file commands.
OPUS/TWO ......covvviivenn $195.00

FORTE: An OPUS run-only system monitor,
perfect for end-user installations. Runs all
OPUS Language programs.

FORTE.......cciiiiiiiiin e $60.00

S.0.S.: (Single-user Operating System) A full-
function DOS which includes OPUS/THREE,
a text editor (TEXTED), an assembler
(ASSEMBL), and a package of useful system
utility programs.

SOS. . $385.00

TEMPOS: The ultimate microcomputer
system software package. A multi-user/multi-
tasking DOS which will handle up to 7
interrupt-driven terminals simultaneously, ina
true time-sharing environment. Includes
OPUS/THREE, TEXTED, ASSEMBL, and
many utility programs.

TEMPOS ... ... e $785.00

All packages are upward-compatible. That is,
programs and data developed under
OPUS/ONE may be run at any higher level, up
to and including TEMPOS.

Standard device drivers are available for many
common peripherals; all packages include
System Generation capability, allowing the
user to interactively add drivers for any I/O
device, including disc drives.

Like to know more? Circle the inquiry number
below or contact your dealer for your free
copy of our system software brochure! For
complete information, order your user’s
manual now, and we'll apply the price toward
purchase of the software. Please add $1.50 per
manual (set) for shipping/handling within the
U.S. (Master Charge and VISA accepted).
OPUS User'sManual. ............. $12.50
S.0.S. Set (inc. OPUS Manual)..... $20.00
TEMPOS Set (incl. OPUS Manual).. $20.00

Dealer & O.E.M. inquiries invited.

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
00

1642 S. Parker Road, Suite 300
Denver, Colorado 80231
{303) 755-9694

Circle 2 on inquiry card.
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We've got an exciting ground floor
opportunity for you to participate in
the incredibly fast-growing
retail personal computer business.
We're Byte Industries. Incorporated™
and were oftering individual
Byte Shop™ franchises, nationwide.
Here's your chance to share
in the expanding retail personal
computer business!

AS A BYTE SHOP YOU GET

¢ The nationally recognized Byte Shop
trademark

e A broad,. full-line inventory of
small-business and personal computer
products

e National and regional advertising
support

e Comprehensive technical and business
management training. and on-going
advisory services.

e Aid in local site selection, and
professionally designed storenteriors.

* Exclusive. protected territories.

To qualify. you shoutd have an interest
in computers, and a desire and ability
to operate your own business. Retail
experience and a sales background at
management ievel is a plus A theoreti-
cal or working knowledge of computer
technclogy 1s heipful. Investment s
roughiy $100,000 with an initiai equity
contribut:on of at least $40,000

If you've got what it takes, then you're
ready for your own Byte Shop™
Write or call Dave Pava, our franchise
development manager now.

408-739-8000

€ Byte[nusiies.

—m——————— 1

Yes. I'm interested in a Byte Shop"
Franchise Please send me your Franchise |
Information packet today.

I Name I

Address
City
State Zip

Phone —

Byte industries. Incorporated

930 West Maude

Sunnyvale. CA 34086

(408) 7339-8000 OB-1
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You Are What You Eat

machine tool control systems, computer
controls, linear and AC/DC motors,
clutch-brake devices and systems, and
related incremental motion control
applications. Exhibit space will be avail-
able.

The call for papers, both theoretical
and practical, related to incremental
motion control systems and devices,
requests authors to submit a summary of
about 500 words by January 1. Final
manuscripts will be due around mid
March. Send all summaries and inquiries
to Dr B C Kuo, POB 2772, Station A,
Champaign L 61820, phone (217)
333-4341.m

A Call for Papers

The Instrument Society of America
has issued a call for papers for its 1979
conference and exhibit, ISA/79. The
conference will take place at the O’Hare
Exposition Center in Chicago IL, from
October 22 through 25 1979. The
conference theme, Instrumentation for
Energy Alternatives, will emphasize
current practices in instrumentation
design and implementation. Papers are
being sought in the following areas:
analysis, automatic control, chemicals
and petroleum, cryogenics, data handling
and computation, education and train-
ing, food, glass and ceramics, main-
tenance, management, marine sciences,

metals, mining and metallurgy, power,
process measurement and control, stan-
dards and practices, telemetry, test
measurement, water and wastewater,
pulp and paper, and biomedical instru-
mentation. Paper topics should intro-
duce or explain techniques or inno-
vations in instrumentation and control
systems design, testing, operation and
maintenance. The papers may be either
theoretical in nature or application
oriented. The deadline for unsolicited
abstracts is February 5 1979. The appro-
priate forms should be requested from:
ISA/79, Instrument Society of America,
400 Stanwix St, Pittsburgh PA 152228

American Management Association
Offers Courses for EDP and NonEDP
Professionals

The American Management Asso-
ciation’s Information Systems and Tech-
nology Division is offering courses for
both the electronic data processing
(EDP) and nonEDP  professional
managers. A sampling of the courses
offered include: systems analysis and
design computer security, minicom-
puters, distributed data processing,
fundamentals of EDP, office auto-
mation, EDP applications to human
resources and much more. The courses
run through March 1979. A brochure
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In order to gain optimum coverage of
your organization's computer confer-
ences, seminars, workshops, courses, etc,
notice should reach our office at least
three months in advance of the date of
the event. Entries should be sent to:
Event Queue, BYTE Publications, 70
Main St, Peterborough NH 03458.

December 3-5, Ninth North American
Computer Chess Championship,
Sheraton Park Hotel, Washington DC.
The 1978 annual meeting of the Asso-
ciation for Computing Machinery will be
the site of this chess championship. This
will be a 4 round Swiss style tournament
with participants restricted to com-
puters. Two rounds will be played on
December 3 (1 PM and 7:30 PM), one
on Monday (7:30 PM) and the last
round on Tuesday (7:30 PM). Deadliine
for entries is October 20. Contact
Prof M M Newborn, School of Computer
Science, McGill University, Montreal
Quebec H3A 2K6, CANADA.

December 4-6, 1978 Annual Conference
of the Association for Computing
Machinery, Sheraton Park Hotel,
Washington DC. Contact Dr Richard
Austing, Dept of Computer Science,
University of Maryland, College Park
MD 20742, (301) 454-2004,

December 4-6, Minicomputers and Dis-
tributed Processing, Atlanta GA. This
3 day seminar will examine the uses,
economics, programming and implemen-
tation of minicomputers. Contact Philip
M Kowlen, director, Center for Con-
tinuing Education, The University of
Chicago, 1307 E 60th St, Chicago IL
60637.

December 4-8, Microcomputer Software
Design, Virginia Polytechnic Institute
and State University, Blacksburg VA.
This workshop will develop assembly
language programming skill for 8080 and
8085 based microcomputers. Topics to

Content-Addressable Memory

for the S-100 bus

Discussed and dreamed about by
computer scientists for years, Con-
tent- Addressable Memory (CAM)
is now here at an affordable price.
CAMs have been so costly to build
that few have actually been pro-
duced. Now Semionics has devel-
oped a simplified design, lowering
the cost by two orders of magnitude.
This new memory is called Recogni-
tion Memory (REM), since (like the
human brain) it can recognize words,
patterns, etc.

Adding a REM board to an ordinary
microcomputer converts it into a very
powerful machine known as a Con-
tent-Addressable Parallel Processor
(CAPP).

Features:
4K bytes per board
Static — no refresh needed

Can be used as ordinary RAM
oras CAM

RAM access time: 200 ns

CAM access time: 4 us
Multiwrite —writing into multiple
locations with one instruction

Masking — for individual bit
access

Multiple REM boards accessed
in parallel
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Adds 17 associative memory func-
tions to instruction set of Z-80 or 8080.
Applications:

Pattern Recognition ¢ Information
Retrieval ¢ Compiling & Interpreting
¢ Natural Language Processing e
Code Compression ¢ Artificial Intel-
ligence

Price: $325

4K firmware package of REM
routines: $80

1 SEMIONICS

4] Tunnel Road ® Berkeley e CA 94705
(415) 548-2400
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be discussed include floating point
mathematics, lookup tables, number
base conversion, interrupt programming,
searching and sorting. Contact Dr Linda
Leffel, Donaldson Brown Center for
Continuing Education, Virginia Poly-
technic Institute and State University,
Blacksburg VA 24061, (703) 951-5421.

December 6-8, Data Processing Oper-
ations Management, Washington DC.
This 3 day seminar will emphasize the
management skill and techniques appli-
cable to the data processing operations
function. Contact Phillip M Nowlen,
director, Center for Continuing Edu-
cation, The University of Chicago,
1307 E 60th St, Chicago IL 60637,

December 12-14, Midcon/78, Dallas
Convention Center, High Technology
electronics show and convention.
Contact Electronic Conventions Inc,
El Segundo CA, (800) 421-6816 (toll
free).

December 13, Computer Networking
Symposium. Sponsored by the IEEE
Computer Society’s Technical Com-
mittee on Computer Communications
and the Institute for Computer Sciences
and Technology of the National Bureau
of Standards. This symposium will high-
light papers of practical and research
experiences concerning both computer
and communication networks. Contact
Dr George Cowan, Computer Sciences
Corp, 6565 Arlington Blvd, Falls Church
VA 22046.

December 13-15, Distributed Mini-
computer Networks, Executive Tower
Inn, Denver CO. This seminar will
address the minicomputer from the
viewpoint of the distributed network
user. The structure and management of a
large data base and software problems
with the trade-offs of languages utilized,
hardware types, input and output
options, device controllers, system
failure and recovery, sample application
case studies and the economics of mini-
computer applications will be covered
in depth. Contact The Institute for
Professional Education, Suite 601, 1901
N Fort Myer Dr, Arlington VA 22209,
(703) 527-8700.

December 18-21, Microcomputer Data
Acquisition, Instrumentation and
Measurement Systems, Virginia Poly-
technic Institute and State University.
Course to be given by the authors of the
Bugbooks. Contact Dr Linda Leffel,
Donaldson Brown Center for Continuing
Education, Virginia Polytechnic Institute
and State University, Blacksburg VA
24061, (703) 951-5421.

January 8-12, Structured Programming
and Software Engineering, George
Washington University, Washington DC.
This course is designed for experienced
program  architects, designers and
managers. It will provide up to date
technical knowledge of logical expres-
sion, analysis and invention for per-
forming and managing software archi-
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PROGRAMS

GAMES

Eleven computer games. including Black-
jack, Hangman, 23 Matches, Tic-Tac-Toe,
Silty Sentence Maker, Poem Writer, Word
Puzzle. Backtalker, Math Quiz, Caricature
Printer, and Typing Speed Drlll. {Stock No
101 1, Cassette. Requires Ext B H Basic.
Issue 1001 or 10.02. $10)

PERSONAL FINANCE

Includes two programs Personal Budget
provides a personal accounting system and
helps reconcile your checkbook Interest
calculates simple nterest. compound
interest. and mortgage amortization
schedules {Stock No 102 1, Cassette.
Requires Ext B.H Basic. Issue 10 02, $10)

COOK'S HELPER

Two programs to help the cook Menu pro-
duces nutnitious.  within-calone-limits
menus Shopper makes your trip to the
grocery store more enjoyable by arranging
your grocery hist in the shelf order of your
favorite store. prevents backtracking to
look for missed items (Stock No 103.1,
Cassette, Requires Ext BH Basic. Issue
1001 or 1002 $10)

MAILING LIST

Features programs for the creation. updat-
ing, sorting. and printing of mailing hsts
and labels Highly flexible. with provision
for coding each entry, sorting on any desired
field. printing selectively by code. printing
on various sizes and layouts of labels
(Stock No 104 1, Cassette. Requires Ext
B H Basic. Issue 10 02. $20)

MAILING LIST—DISK

This disk-based package contains features
similar to those of the cassette version
above, plus the addition of a teature that
permits computerized printing of form
letters to persons on the maiing list (Stock
No 1141, Diskette. Requires HDOS
Basic, $30)

Ali programs are recorded on cassette or
diskette ready for use with your Heathkit
H8 computer Each package comes com-
plete with program lisings and user in-
structions A discount of 10% 1s given if
more than one item 1s ordered at once
Price ncludes shipping to U S destina-
tions Items are 1n stock for immediate
shipment

€d-fro Incorporated

6580 Buckhurst Trail
Atlanta, GA 30349
Please send the following

GAMES @ $10

PERSONAL FINANCE (@ $10

COOK'S HELPER @ $10

MAILING LIST @ $20

MAILING LIST DISK @ $30
TOTAL

Less 10% Discount if Ordering

Two or More ltems

AMOUNT ENCLOSED $
Name
Street Addr
City
State 21p

Amount Enclosed
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tecture, design and production. Presen-
tations will cover principles and appli-
cations in structured programming and
software engineering. Design workshops
with analysis and review sessions will
provide actual practice in problem
solving. Contact George Washington
University, Continuing Engineering Edu-
cation, Washington DC 20052.

January 15-17, Minicomputers and Dis-
tributed Processing, San Francisco. For
details, see December 4-6, Atlanta.

January 17-19, Distributed Minicom-
puter Networks, Ramada Inn, Arlington
VA. For details, see December 13-15,
Denver.

January 24-27, International Microcom-
puters/Minicomputers  Microprocessors
'79/)apan, Harumi Exhibition Center,
Tokyo. Contact ISCM, 222 W Adams St,
Chicago 1L 60606, (312) 263-4866.

January 30-February 1, Communication
Networks Conference and Exposition,
Sheraton Park Hotel, Washington DC.
Designed to bring together communi-
cation network users, consultants, ven-
dors and regulatory officials so that
issues can be discussed and analyzed.
It is particularly aimed at executives
and managers who purchase communi-
cation products and services. Contact
The Conference Company, 60 Austin St,
Newton MA 02160.

February 1-3, Microprocessor Program-
ming Workshop with a Take-Home
Microprocessor, Jefferson Plaza Building.
Arlington VA. Sponsored by the IEEE,
this 3 day workshop is intended for the
practicing engineer, engineering manager
and programmer. The course objective
is to provide state of the art information
in order to acquire an understanding
of the place of microprocessors as
replacements for wired logic and as
controllers; to provide the capability of
understanding the design of systems
involving microprocessors; and the
ability to program the Motorola M6800
microprocessor in machine language. All
students will have their own micro-
processor and laboratory equipment.
Contact |EEE Service Center, 2145
Hoes Ln, Piscataway N ) 08854.

February 13-15, The National Office
Exhibition and Conference, Harbour
Castle Hilton Convention Center,
Toronto Ontario. This 3 day exhibition
will provide a showplace for approxi-
mately 100 exhibitors in the areas of
word processing, office computers,
office equipment and furniture. Contact
Canadian Office magazine, 2 Bloor St W,
Suite 2504, Toronto Ontario, CANADA
M4Ww 3E2, (416) 967-6200.

February 14-16, The 1EEE International
Solid-State Circuits Conference, Phila-
delphia PA. Forum for the presentation
of new advancements in all aspects of
solid-state  circuits. Contact Lewis
Winner, 301 Almeria Av, POB 343788,
Coral Gables FL 33134.®

SELECTORII

* A QUERY LANGUAGE
¢ A REPORT WRITER
¢ AN ISAMFILE SYSTEM

What does SELECTOR

Il do? Well just about
everything . . .
Simply define a file
record with item names
and types (money fields
or dates, etc.). Pick key
fields. Enter data.

At any time you can
select records by key for
updating or deletion. Or
you can select collect-
ions of records by the
data they contain (like
all blue-eyed ladies
speaking French who
purchased Gizmo 500's
in March). You can have
that information dis-
played or summarized
on your screen or listed
on your printer properly
titled, paginated, for-
matted, totaled, aver-
aged, max-ed or min-ed
. . . asyoudesire.

SELECTOR Il does all of
your fielding, finding,
formatting and fuming
for you. All you need do
is issue orders.

SELECTOR 1l is avail-
able for Microsoft
Extended Disk BASIC
and CBASIC, on diskette,
with user’'s manual for
$255 including 1 year
maintenance. Dealer in-
quiries gladly accepted.

Micro-Ap
8939 San Ramon Road
Dublin, CA 94566

BARE ARE 1 Av
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Member name

Start of data area address for member
End of data area address for member
Number of logical records in use

Data type of member

Unused

Table 2: Format for the directory entry information.

control blocks for other data sets and
unused (free) control blocks. A free control
block is indicated by the name field being
filled with binary Os.

The maps and the control blocks can all
fit on a single track. This track is called the
volume table of contents (VTOC) and begins
with the volume label, also known as the
volume serial number (VSN). If we want a
multitrack volume table of contents, we
need to define how many tracks are in the
table for use by the access method software.
A byte for a count of the tracks in the
volume itself should be included. If our
system is to handle different formats and
densities it would be wise to include the
format information in the table of contents.
The access method software could then read
the count of the number of tracks on the
disk and the number of sectors per track
directly from the table and be able to
handle several formats without modification.

In order to avoid wasting disk space, 16
byte logical records can be blocked 8 to a
128 byte sector. A single track volume table
of contents blocked in this way could handle
136 partitioned data sets. The fourth item
required for a partitioned data set is a direc-
tory for the members in the data set. The
directory, table 2, begins at the first sector
of the first track of the actual data storage
area. The directory entries are 16 bytes long
and packed 8 to a 128 byte sector. Each
entry contains the name of the member, the
starting and ending track and sector addresses
of the member, the count of the number of
sectors actually used by the member, and
the data type of the member. The data type
may be:

0 : Source data.
1 : Core image object data.
2 : Relocatable object data.

Both source and BASIC programs may be
stored in a member of data type 0, while
data type 2 is used as input to a relocating
loader, linking loader or linkage editor.
Data type 1 is used for storing nonrelocatable
programs.

Now that the design of the file structure
is complete, we can design software that will
create, manipulate and delete members and
data sets.

6 bytes
2 bytes
2 bytes
2 bytes
1 byte
3 bytes

DISKINIT

COMMAND

QUTPUT READ

COMMAND TEXT

MAPT

CREATE
TRACK MAP

|

MAPS

CREATE
SECTOR MAP

I

WRITE FIRST
VOLUME TABLE OF
CONTENTS SECTOR

SEEK NEXT
SECTOR

SECTORS
WRITTEN

WRITE A ZERO
FILLED SECTOR

MOVE TO FIRST
SECTOR OF DATA
STORAGE AREA

\

WRITE ZERO
FILLED SECTOR

SEEK NEXT
SECTOR

Implementation

The first program we need is a disk initial-
ization routine such as the one in figure 2.
The initialization routine creates and empties
the volume table of contents track and clears
the data storage area by setting it to O.
The user is required to enter the volume
serial number and the beginning and ending
track numbers of the data storage area. The
track and sector maps are created so that the
bits corresponding to the data storage area
are set to 1 (free space) and all other bits

Figure 2: Disk initializa-

tion program.
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Figure 3: The ALLOCATE
routine, used to put a new
file onto the disk and
update all pointers to
indicate that the file is
present.
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ERROR
EXIT

ERROR
EXIT

ERROR
EXIT

ALLOCATE

COMMAND

OUTPUT READ
COMMAND TEXT

LOOK

SEARCH ON LINE
ORIVES FOR
PROPER DiSK

SEARCH TABLE
OF CONTENTS FOR
DATA SET NAME

MEMBER

SEARCHD

SEARCH DIRECTORY
FOR MEMBER NAME

SEARCHS

SEARCH SECTOR
MAP FOR FREE
SPACE

SEARCHD

SEARCH DIRECTORY
FOR EMPTY ENTRY

SET SPACE IN
SECTOR MAP
"IN USE"

[

REWRITE VOLUME
TABLE OF CONTENTS

BUILD

DIRECTORY ENTRY

DATA SET

SEARCHT

SEARCH TRACK
MAP FOR SPACE

ERROR
EXIT

SEARCHV

SEARCH VOLUME TABLE
OF CONTENTS FOR
EMPTY CONTROL BLOCK

ERROR
EXIT

SET SPACE .
STATUS "IN USE
IN TRACK MAP

|

BLOCK

BUILD CONTROL
BLOCK

|

SET DIRECTORY
SECTORS "IN USE”
IN SECTOR MAP

|

REWRITE VOLUME
TABLE OF
CONTENTS

I

SET DATA STORAGE
AREA TO ZERO



















Listing 1 continued:

2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2910
2520
2530
2540
2550
2560
2570
2580

LET N4&=0
FOR I-1 T0 3
LET J=1
LET NA=N4+K(I. 1)
IF N4=M GOTO 2230
NEXT 1
LET K2=4
LET Na:-0
FOR 1=1 T0 3
LET J-4-}
LET N4=N4+K(I,J)
IF NA-M GDTO 2230
NEXT 1
IF K3=5 G010 2210
ON NI GUTO 1370,
PRINT
GOT0 2700
IF M=3 070 2260
IF K(I..J)-9 GOTO 2500
ON K2 GUTO 2290. 2310,
PRINT
GOTO 780

1650, 1680,

2330,

LET J=uJ -4

GOTO 2240

LET I=J -1

GOTO 2240

LET I:17) -1

LET J: -1

GOTO 2240

LET 1:1-%

LET J=Jrl

GOTO 2240

REM CUNVERT 1-% SUBSCRIPT TO 1

LET NA: O

FOR 1::1 T0O 3

FOR 3 70 3
LET NA: N4+
IF L1-N4 GOTO
NEXT !

NEXT 1

LET K1, 1

ON N2 GUT0 1210,

2470

1340. 1590,
IF N2<>»4 GUTO 2550
IF N1: 2 QU010 2540
LET NI-
GOTO LLO
LET NJ- 6
LET K{1l,.) 4
LET N-O
FOR JI1-1 10 3
LET N N¢+i gg

1790,
TAB (7): "THE GAME 1S5 A DRAW. *“

2360
TAB (7); "CONGRATULATIONS. YOU WIN THIS GAME. "

REM COLTFFICIENT EVALUATION SUBROUTINE

-J VALUE

1590,
REM CONVERT I-J VALUE TO 1-9 SUBSCRIPT

1620

2740

On Expressing
Multiple Condition

Laaguages

Forum

David Faught
603 S Hazelton Av
Wheaton IL 60187

Having been interested and active in com-
puter programming for some 10 years, | have
watched with great anticipation the advent
of the personal computer. In my own hobby
and professional programming, | have used
a rather large number of languages and have
discovered through many painful experi-
ences and uncounted hours of debugging
that, in general, regardless of the language
being used, a modular top-down approach
to developing new programs is by far the
easiest to understand and use. Unfortu-
nately, my first experiences with program-
ming consisted of occasional use of a Tele-
type terminal on a timesharing BASIC
system. [ still use BASIC for some of my
hobby programs, but | find that unless some™
skill in program organization is used, a
BASIC program can very easily become a

Call or write for free brochure.

Cash prices shown.Major credit cards accep
Minimun shipping $2.50. Pa. residents add
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Everything you always wanted
to plug into your PET

e w
® O
25k PP
= & < HARDWARE A I-E or 0 SOFTWARE
PRINTERS 01 ¢ 20 40
Centronics 15 pm, o R . ~
or 80 char.(Upperfiower case).  (*but were afraid you couldn’t afford) LLES:B0:11. Data Management/Report Gen
o0 P1 Parallel Mode (cable. soft-. erator Package (L-11-16K). Tape System:
ware, add $50) . . . . . rlllllill--ll----------ﬁn $200; Disk System: $300. Give your
@®® sS1 Serial Model (cable, sott- TRS-80 the editing features‘ of a
ware add $50) . » - - 1 - . s549.1 $4000+ Burrough’s TD80O series ter-
o gnderson Jafobsen 1/0 Sel;?ég: l minal, Automatic data entry and cus-
idirectional. . . . . .
IR G IR t] o TS| Senersts | complers
RS 232C Serial Option. $200. grap
TRS Graphics Ball . . $100. trol. 2, MICROCHESS (Ll or ||-4K)
3 ®|® txpandor 123P impact with $19.95. 3 difficulty levels, 3. State-
tractor feed . .. .. 495. ment renumbering and cross reference.
O|®@® integral Data’ 1P-135 impact 1. Joystick  Microchess-
Upper/lower case . . . . . 79 {needs dual joystick package)-$19.95
L L J Pet, TRS-80 graphics option A joy e ge) .
with 4 char. sizes, tractor feed Play against an opponent while your
[ ] $1195, Pet Modem, $320, Ser- PETchecks and saves moves, Optlons:
[ ) RI lln}\}l 398, (Apple §62), Play by phone, play against your PET,
pple odem. . ... .. H o . . =
of |o YEFORY Eave oo o ore) Biurmistrngand eross retorence:$6.95,
Specnfy){(eybd or exp. int§1404 1 3 Dimensional Maze (16K)
Q| jok, Aam Board, opiiensgade s cratronix disc system seen by TRS-60 with ALY 841814.95. 2. MiRes Graphics
itional 8K, . . . .. .. itor
CONNECTORS, ETC. H. 3. Statement renum-
® TRS-80 40 pin edge HH bering $9.95 (8K)
Exp. int. Ext. cord$19. 95+2*(Ft 2) 53 . .
IEEE or User Portw/cover $9.95 g TOLLFREE
Cassette w/cover . . . . . It MICROLINE for:
L J Dual Stereo Cassette Deck Ideal £a Ord TRS-80
for micro tapes w/prompting$250. B raers, -
: ® C-10 Blank cassettes . . . $1.49 iE Tech. Newsletter
Minidisks (5'")..$4.95 10 for$40 Info. free catalo ue

Exclusive JOYSTICK package -

ted.
6%.

‘mlcr"otr‘onix

Post Office Box Q, Dept. C Philadelphia, PA 19105

800-52
In PA & CAN
(215) 665-1112
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rat’s nest of inserted problem bypasses
and altogether impossible to read. | recently
obtained a copy of a primer on Pascal in
the hopes that it would provide some
knowledge and insight into providing a pro-
per means of improving program structure
through language format and syntax rather
than relying on my own experience in this
area. | can now see why this language has
become much more popular as a first lan-
guage in many universities and | hope that
it will continue to grow in popularity and
wide usage.

At various times in the past | have tried
my own hand at designing a source language
which would provide a much more meaning-
ful approach to program structure which
must be at least as important as function. |
have no new language to propose in the
cause of this interest, having never tried to
implement one of the languages 1| have
designed, but | do have some comments
which may be of interest to those who are
also involved in the search for the “‘perfect
language.”

In various languages, to my knowledge
including BASIC, Pascal and COBOL, there
is at least one statement which tests a condi-
tion and will or will not perform a specified
function depending on the outcome of the
test. This is, of course, the IF statement in

the languages mentioned above. ELSE we
forget, these languages also contain a state-
ment which allows the testing of a variable
state and the optional performance of one
of several alternative functions depending
on the state encountered. In BASIC, this is
the “ON . . . GOTO . . .” statement; in
Pascal it is the ‘‘case . . . of .. .” state-
ment, and in COBOL. it is the “GO TO . ..
DEPENDING ON " statement. FOR-
TRAN also has this capability in a limited
way through the use of the numeric IF
rather than the logical IF. In my humble
opinion, Pascal’s implementation of this
feature is far more meaningful not only
to program structure but also to under-
standing the condition which is actually
being tested. Many times when this struc-
ture is used in BASIC or COBOL, it is the
powerful feature which justifies the use
of that ‘hairy’”’ computation to adjust
the conditions which are actually present
to be an integer between 1 and 10. Pascal’s
implementation of this structure is still
not perfect because it takes some extra
effort in defining data types to assure
that one of the alternatives will indeed
be picked. Correct me if I'm wrong, but
there is no explicit way to specify what
should be done if none of the states for
which there are alternatives is actually

Figure 1.

IF condition 1 statement 1
condition 2 statement 2
condition 3 statement 3

condition n statement n
END

ELSE statement

SYSTEMS PROGRAMMERS

CAREER OPPORTUNITIES IN ENERGY MANAGEMENT
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G2

Outstanding growth potential in a
state-of-the-art environment

Control Data Corporation has many excellent opportunities available
in its Energy Management Systems Division, a growth-centered
organization well-established in providing on-line network control
systems for the electric utility industry Our product line encompasses
everything from acquisition to large-scale systems for security
analysis, scheduling and load flow analysis—with total state-of-the-
art applications.

Currently, our software department is seeking talented individuals
with at least 2+ years experience in assembly or FORTRAN lan-
guages, microprocessors (INTEL 8080, PDP-11), CYBER or CDC 1700
computers, real-time systems, and process or supervisory control.
Your responsibilities range throughout design, development, imple-
mentation, proposal support, standardization, data acquisition, man-
machine interface, and others. Join us for achallenging and rewarding
career in Energy Management Systems.

For immediate attention, call 800-821 -7700, Ext. 606

or write in confidence to:
Joy Vogelgesang

An Affirmative Action Employer M/F

CONTROL DATA
CORPORATION

2300 Berkshire Lane, Minneapolis, Minnesota 55441
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Figure 2.

IF X
<50 PRINT X;

=50 PRINT X;X*X

>50 PRINT X
END

IF X=0
LET Y=2*2
AND Y=1
PRINT 2
AND Y=2
PRINT Z,Y
END
ELSE PRINT X

found. | believe it would also be somewhat
tricky to use this single Pascal statement
to perform one function if the variable
being tested is less than 50, to perform
another if the variable equals 50, or to
perform a third if the value is greater than
50, for example.

These are obviously closely related condi-
tions and would ideally be resolved with a
simple statement structure. Note that these
types of tests are possible in most any
language: however, my suggestion is that
there should be an alternative to this some-
times confusing structure.

Rather than having one statement to test
a single condition and another to resolve
multiple conditions, why not make the
single condition test a simple subset of the
multiple condition test? A loosely defined
statement structure which would satisfy
this requirement is shown in figure 1. As this
statement is parsed, the statement becomes
a multiple condition test when it contains
multiple conditions. When additional condi-
tions are encountered, each is concatenated
to the first condition to form a new condi-
tional expression which is then evaluated to
determine if the statement associated with
the new condition should be executed or
not. The one restriction | would like to see
on this type of a structure would entail

not evaluating the original condition 1 if
statement 1 is omitted. This means that
only the concatenated expressions which
are formed will actually be evaluated. Simple
examples of possible forms of this type of a
statement are shown in figure 2.

| believe that this statement structure
provides an excellent aid to properly or-
ganizing program structure. It has the
capability of directly relating associated
states in an easy to understand manner
and provides the flexibility which a multiple
condition test should have, without having
to go through any complex manipulations
to resolve the conditions present to any
particular restrictive form.

I would welcome any and all comments
on this proposal and am always interested
in finding more about the ‘“perfect lan-
guage” if you have any suggestions.

Perhaps a reader with language design
experience would care to comment on the
various examples and suggestions proposed.
Readers should note that none of the
examples of figure 2 follow the prototype
of figure 1 completely. But the examples
of figure 2 might provide interesting vari-
ations on the multiple condition suggestion
if they prove unambiguous to a language
translator or interpreter. . . .CHu
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Try the User-Oriented Language
with Power! PASCAL

PASCAL is the new trend in programming for those who want
more than BASIC solutions to their software problems.

Our PASCAL software offers the simplicity of BASIC with the power of PASCAL

VOL. 1 includes Depreciation Interest Checking Metric Base2816 Sort!
Sort2 Form1040 Stocks Handicap Calculator Decision and more!
VOL. 2 for Business soon to be released

Cyber-Score Inc.

Software Dept.
Suite 406 - The Riker Building
35 West Huron Street
Pontiac, Michigan 48058

BANKAMERICARD

oxdsine hau

Phone (313) 338-6317
Price: only $19.95 per volume
Please add $ 1.25 per vol. postage
Foreign orders add $6 postage

For those who have not yet stepped up to Pascal, the programs above also available in BASIC
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community,” Pascal has a very strong fol-
lowing as witnessed by the representatives
of both industry and academia present at
the UCSD Pascal Workshop last summer.
BASIC was ornice the only logical and effec-
tive choice of languages to use.

The virtue of Pascal and similar languages
is the fact that the very expression of the
program is so much closer to the way people
think. I, for example, think in terms of “‘I
want to do thus and so’’; in Pascal, | might

Continuing Comments on APL

Timothy J Stryker
477 Hope St
Providence Rl 02906

John Howland’s “Comments on APL’s
Characteristics” in the May 1978 BYTE
Languages Forum, page 143, are for the
most part well thought out. However, it
seems to me that he is missing something
when he states that an APL programmer
who composes programs on line is “similar
to the person who opens his mouth and
begins to speak before engaging his brain.”
The whole point of having an interactive
language facility is based on the fact that
the programmer does not always want to

reference a procedure with the name
thusandso. In BASIC | would have to
reference it in the program with a number
artificially created for that purpose. [
might say GOSUB 10000, for example,
when | really mean to call and execute a
thusandso procedure. Pascal can be used as
any other programming language — for the
underlying computers are identical. It is a
matter of making the expression of a pro-
gram easier for the user. .. .CH"

have to map out in advance exactly what it
is he will ask the machine to do.

At the root of the matter is the con-
sideration that there is no clean distinction
between ‘“‘implementing a program” and
simply “invoking a system utility.” Suppose,
for example, we wish to check on the value
of some variable, for example ], during an
APL terminal session. We simply type:

J

Now suppose that the value of | is lower
than we expected, so that we become inter-
ested in the first | elements of the array A.
We type:

Al ]
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beta- 1

beta=

STANDARD FEATURES

¢ Random seek to file at more than 100 inches °
per second. drive.
e Typical access time is 10 seconds or less. U

¢ Plugs directly into standard 8-bit parallel

1/0 port.

e Fast load time at 8000 bits per second.

* Reliable — Uses professional phase-encod-

ing technique.

¢ Internal 8035 microprocessor with 1K byte

program.

* Self-contained high level operating system.

The BETA-1 will interface easily to most popular microcomputers. Deliv-
ered assembled only ({sorry, no kits). Limited quantities available from

first production run, SO ORDER NOW!

Sound too good to be true? Then judge for yourself and place your order 7026 O.W.S. Road, Yucca Valley, CA 92284
today. Call MECA, or your favorite dealer, for more details.
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ICCal
ANROVIICES

The stand-alone
Tape Storage System.

BETA-1 is the answer to the many requests MECA has received for a universal tape unit. So we are
proud to present the first mass storage solution for non-S100 bus microcomputers. Now you can
own a BETA-1 complete, assembled and tested, for only $399.

Up to 1 megabyte on-line with a single

Replaces disk at a fraction of the cost and
delivers similar performance.

e |nterfaces to most popular microcomputers
and requires only a parallel or serial port.

OPTIONAL ACCESSORIES
Serial 1/0 Port
¢ Double the loading speed for 16,000
bits per second.

Dealer inquiries welcomed.

INCCa

(714) 365-7686
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MSG 2 VIDEOPHONE CALL 0231 7.7.97
CENTRAL HOTEL RM 63

HI TWOMB OLD CHAP. REMEMBER ME?
PUDDY, ROOMY, WESTERN U? IN TOWN
FEW HOURS. HOW ABOUT A DRINK? NOW.
LEAVING SUNUP. 766 26 0589 CHEERS.

Twombly shuddered, wiped the screen
clear. He had set Minnie to store night calls,
not wake him up; he wasn’t sorry. He called
up the last message:

MSG 3 BELLOGRAM 7.7.97 0800 66091532
FBCC BOSSOFF TWOMBLY, JONATHON W
779 28 88980 BMA

YOU ARE HEREBY REMINDED
APPOINTMENT THIS OFFICE ANNUAL
CHECKUP AND FIVE YEAR
REPROGRAMMING 1400 HOURS THIS DATE.
PREPARE FOR ROUTINE PHYSICAL,
PSYCHOLOGICAL TESTS TO DETERMINE
AGING FACTOR. ALL NEW PROGRAM CHIPS
TO BE INSTALLED, INCLUDING OPTIONALS.
YOU MAY RETAIN OR CHANGE OPTIONALS.
NOTE: WHEN THE HELL ARE YOU GOING
TO LET US REPLACE YOUR ANTIQUATED
MINI FOR NEW ATOM POWERED MODEL?

P. T. HARRIS BUCHIEF.

Twombly wiped the screen. Of course he
hadn't forgotten. Minnie had already placed
an order for a car. Good old Minnie. Like
hell they would replace her. Not yet. He sat
for a moment, thinking. They’d find him
five years older, reflexes a bit slower. New
programming would compensate. Obstacle
detection devices would take over a little
sooner when he drove on manual, putting
him a little less in control. His heart would
be monitored more carefully and his medi-
save unit would probably get newer, more
powerful drugs. Minnie would probably
calm him down a little quicker when he got
overexcited. Did he want his optional
entertainment chip tampered with? No.
His films, his recordings, his reading, his
fantasy trips had all been carefully selected,
carefully tested over many vyears. They
would do without futher change.

Twombly got up, dressed (he wanted no
help from the waldos, those mechanical
servants that Mike controlled), and dropped
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Be SELECTRIC® in your
choice of output printing

The highest quality printer available is affordable
to you as your output printer. Any IBM SELECTRIC"
typewriter can be converted.

» Does not affect normal operation or appearance.

+ Uses existing screw holes in the typewriter, thus
no tapping or drilling is necessary.

« Does not affect eligibility for IBM warranty or
service when installed according to ESCON
instructions.

Compare the economics:

ESCON Conversion System $ 496.00*
New IBM SELECTRIC®

(purchased from IBM) $ 815.00
Complete high quality printer $1311.00

Other SELECTRIC Conversion Systems Over $1800
*tested and assembled (kits available)

Choice of S-100, RS238, IEEE-488 or parallel port.
Factory turnaround installation available.

Escon Products, Inc.
171 Mayhew Way, Suite 204,
Pleasant Hill, CA 94523

(415) 935-4590

CPAids CPfigs CPAids CPAigs

Microcomputer software developed by
a CPA with an M.S. in Accownting

NOW! In time for the upcoming
tax season.

MASTER TAX PROGRAM

¢ Includes: Schedules — A, B, C, D, E, G, R, RP, TC, SE
Forms — 2210, 4728, 4797, 5328, 4825

¢ Optional Schedules — 2108, 2441
* Computes Tax 8 different ways to Insure minimum tax llabllity
* Used to flle hundreds of returns this past tax season

Also Available:

STANDARD TAX PROGRAM
Includes Schedules — A, B, G & TC

Runs in north star basic, C basic and CP/M

CALL: [216] 678-9015

Located at 1640 Franklin Ave., Kent, Ohlo 44240
{in the Trans-Ohio Building) A division of COMPUTER TAX SERVICE

DEALER INQUIRIES WELCOME
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NortH Star % CovipuTERS

Get ALL the programs we write or update FREE for life!
Includes many business application programs (Osburne &
Associates), utilities, public domain programs, and modifications
to North Star Extended Basic that allow appending as an execu-
table statement and the addition of 8" floppy disks drives to
your present North Star System. (Hard disk units to be available
in near future). Call or write for free copy of Micro Mike's
Program Library Newsletter.

. b
MMikes
Program Library for

$500 — ONE TIME FEE

Complets Business | North Star
with modem connection Owners
to our Program Library move up to
1. Horizon Il Computer 8" Floppy Disks
2. 32KRAM . )
3. ADM-3A Terminal Completely compatible with
4. IP-125 Printer your present system. Includes
5. DC Hayes Modem Board all software necessary to
6. All Connectors & Cables fun your present programs on
either 8’ or 5% " drives or both.
+4995, 00
Expandable anytime by s995 1st drive & controller
addition of 8’ drives. $795 each additional drive

905 Buchanan, Amarillo, Texas 79101

M icro Mike’s

806-372-3633

=

The KIM to S-100 bus
Interface/Motherboard

® Combines the power of the 6502 with the flexibility of
the $-100 bus

® Attaches to any unmodified KIM

¢ Complete interface logic and fully buffered motherboard
in one unit

® On-board regulation of power for KIM

e Fight slots of $-100 compatibility for additional RAM,
Video and 1/O boards, PROM Programmers, Speech
processors . . .

® Includes all parts, sockets for [Cs, one 100 pin connector,
and full Assembly/Operating documentation

* Kit $125, Assembled $165
¢ All units shipped from stock

FORETHOUGHT PRODUCTS

87070 Dukhobar Rd. # F
Eugene, Oregon 97402 E
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Office of Programming and Adjustment,
where he underwent a battery of tests
which proved that he was five years older.
His Minnie was sent to one of many labora-
tories where highly skilled technicians
made new program chips and inserted the
chips in the Minnie to replace the ones
which had served Twombly well for five
years. It was late afternoon when Twombly
left; an hour after that, one of the techni-
cians approached the lab chief with an
almost microscopic program chip in the
palm of his hand.

“We have a condition red, | think,” he
told the chief. “This is the alternate program
entertainment  chip from  Twombly’s
Minnie.”

“Carson,” said the chief, ‘‘that simply
cannot be. He couldn’t get out of the
building without a full complement of
chips; the master computer wouldn't let
him through the door.”

Carson, his face almost as red as the little
dot on the chip which meant alternate pro-
gram, said: ‘“He had a full complement
of chips. | got the wrong one in. He got an
experimental chip | was designing for my
wife’s Minnie.”

“What kind of an experimental chip?”
asked the chief in tones that made Carson’s
flesh creep.

“You might call it a babysitting chip,”
said the technician, ‘‘although it doesn’t
just sit. | can tell you that we'’re in a great
deal of trouble if he activates that chip.
We have to prevent that.”

“Condition red,” sighed the chief. “We
have to key into his Minnie by way of the
house computer, but we’ll have to get
authorization from Washington. I’ll notify
Harris; it’s his problem. He won’t like it
much.”

“l don’t think we have time. He’'ll most
likely activate the entertainment chip after
he finishes dinner; Twombly is predictable.”

“We have to take time. After that | E
Lewyt scandal, where the untouchability
of our beloved director was found wanting,
we've been under very rigid orders about
invading the privacy of private computers.
We've got to get authorization.”

They got it after a three hour delay, but
as Carson feared, it was too late. When the
special code got them access to the
Twombly house computer, it reported that
Twombly had activated the alternate pro-
gram entertainment chip. The chief sighed
and requested a complete readout from the
time of activation.

CHIP ACTIVATED 2030 HOURS. SEQUENCE
COMPLETED: UNDRESSING, BATHING,
DRYING, POWDERING, DIAPERING. AS
INSTRUCTED BABY HAS BEEN PUT TO BED



WITH WARM BOTTLE. BURPING TO TAKE
PLACE ON COMPLETION OF FEEDING.
ESTIMATED TIME: THREE MINUTES FROM
NOwW.

“We can do without the burping,” yelled
the chief. “Carson, override the program at
once; switch off the alternate program. My
God, | think we have a law suit on our
hands. You and | will end up in the coal
mines.”’

“Program is off, chief. I'll see if | can get
an informal but detailed report from his
Minnie. . . it's coming now.”

Chief of Laboratory Q, George Justine,
had chewed the nails down to the quick on
one hand and had started on the other when
Carson leaned back in his chair and actually
smiled.

“Twombly started to panic when the
waldos grabbed him and started to undress
him, but calmed down and gave in when he
couldn’t stop them. He seemed to be
actually enjoying the bath, and when he was
put to bed with the warm bottle he slurped
it down and actually cooed. He is now in a
deep, peaceful sleep, and his Minnie reports
that his blood pressure is normal for the first
time in months.”

“Well, we're not off the hook yet, but it
looks better.”

“Chief, we'll call him in tomorrow and
explain the mistake, and apologize. We'll
give him back his entertainment chip and I'll
take back the babysitter chip.”

“l doubt it. I mean, we can call him in,
but something tells me he isn’t going to give
up that chip. It fits in too well with his psy-
chological profile. We'll have to give it to
him in addition to the entertainment chip.
We’ll gain one thing; | think we can get
him to take the newer model Minnie, be-
cause the one he has doesn’t have room for
any more alternate programs. If he wants to
play baby, he’ll have to exchange Minnies,
and | think he will.”

““] hate to lose that babysitter chip; | put
a lot of work in on that.”

“Carson, that’s going to be the least of
your worries. We're going to have to fill
out lots of reports. . . you are. There'll be
lots of investigations and an awful lot
of flack. There is one possible ray of light:
there may be other people like Twombly,
and this may prove to be some kind of
legitimate therapy. | don’t know. That’s
for the psychologists to decide. Right now
we have to get ready for the worst, charges
of invasion of Twombly’s privacy. We
panicked. We went to the top to get
authorization to enter the computer of a
private citizen, citing clear and present
danger. What did we achieve? We stopped
a man from getting burped.”’s
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SMOKE SIGNAL BROADCASTING'S

LFD-68-2

LFD-68-1 $1395.00
LFD-68-2 $1895.00

FEATURES:
S$S-50 Bus Compatible

500K Bytes of Online Storage

Expandable to 1 Megabyte

Completely Software Compatible with Existing
BFD-68 Mini-Disk Systems

Users that require at least 500K of online data storage will
find the LFD-68 floppy system fits the bill. This system uses
standard 8 inch floppies to provide this increased capability.
The controliler provides the capability of supporting up to four
8 inch drives for a maximum system capacity of over 1 mega-
byte of online storage. This system is complete with system
software and available in two configurations. The LFD-68-1,
a one drive system or the LFD-68-2, a two drive system.

SMOKE SIGNAL BROADCASTING

G304 Yucca/Hollywood, CA 90028/(213} 462-5652
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Loc.

000
006
012
018
024
027
032
038
042
046
051
057
063
068

Q77
079

086
092
098
104
110
111
13
119

127

Year
1

2
(No war)
3

Piayer wins.)

4
(No war)

(4]

(No war)

[e2]

Sample Game

(No war, go on 1o the next year)

Your Total Total Enemy
Snowballs Snowballs (not seen)
100 68
180 127
260 209

(Enemy declares war. Player estimates 191 snowballs, an error of 18. This is multiplied
by the actual enemy snowballs and the number of his snowballs. The resulting holocaust
factor is 978,120. The holocaust factor needed to cause a holocaust is 1,500,000. There
has been no holocaust, so each power loses half his/her snowballs, discarding fractions.

130 104
230 197
330 224

(Player declares war and estimates 251 enemy snowballs, an error of 27. The holocaust
factor is 1,995,840, There has been a holocaust; and both sides are blitzed.
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Commentary
Random number generator.
100 is maximum number of snowbails
added is one turn,
Lower limit

Upper limit

Add enemy snowballs

War ?

Enemy snowballs flash

Holocaust factor

Maximum holocaust factor

Signum function (Who won ?)

Flash year number

You are rendered inoperative!

Listing 1: Commander in
Chief, a game for the
Texas Instruments TI-58
programmable calculator.
Note that some of the
operations of this Tl calcu-
lator series allow multikey
entries into one location.
This is indicated by an
asterisk within the key.
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The last difference between the formula
and its FORTRAN version is in the use of
the asterisk (*). This is necessary whenever
we have a multiplication, since 1], just as in
assembly languages, would be the name of a
single variable. In FORTRAN, the name of a
variable must start with a letter, can contain
only letters and digits (although some
versions of FORTRAN allow a few extra
characters, most do not), and has a maxi-
mum length which depends on the system
being used. Typical maximum lengths for
identifiers are eight characters (IBM 360 and
370) and six characters (UNIVAC 1100
series, DECsystem 10).

In addition to the use of formulas of this
kind, FORTRAN involves a number of other
statements which express commonly en-
countered sequences of instructions. Among
these are:

(1) GO TO. Where the 8080 assembly lan-
guage user writes JMP K, meaning “Jump to
K,” and the 6800 user writes BRA K,
meaning ‘“Branch to K,” the FORTRAN
user writes GO TO 15, meaning “Go to
statement number 15.” Statements in FOR-
TRAN have numbers rather than names, and
the numbers have nothing to do with ad-
dresses in the machine; they can be assigned
arbitrarily and do not even have to be in
sequence {as they do in BASIC).

(2) IF. The keypunches used by many
large system users do not have the charac-
ters <, >, <, 2, or ¥ (although they do have
=) and FORTRAN therefore uses .LT. (less
than), .GT. (greater than), .LE. (less than or
equal), .GE. (greater than or equal), and
.NE. (unequal). Thus “If A is less than B,
then go to statement number 15" would be
written in FORTRAN as

IF (A.LT.B) GOTO 15

FORTRAN is distinguished from BASIC
(and ALGOL, PL/l, and various other alge-
braic languages) by requiring the parentheses
after the keyword IF, and also by not
making use of the word THEN. FORTRAN
also uses .EQ. (equal) in comparing, and not
the character =, which is reserved for assign-
ment statements involving formulas (such
as in K = (I*]—I+])/N, discussed above).

(3) STOP. This signals the end of an
algorithm, although a large system will not
actually stop at this statement, but will go
on to do the next job (assuming that there
are more jobs waiting to be done).

(4) END. This is simply the last state-
ment in a program and has nothing to do
with stopping, which can happen at any

statements in a program, but only one END
statement.

(5) READ. A READ statement in
FORTRAN is largely self-explanatory; thus
READ (5, 91) N, A, B reads in three quan-
tities and calls them N, A, and B. The 5 in
this statement is a FORTRAN convention:
the standard input medium (as opposed to
any special tapes or disk files which might
be used) is referred to as unit number 5.
The 91 is a reference to a FORMAT state-
ment which describes, in this case, in what
format N, A, and B are going to be given.
This FORMAT statement can be ignored
by the person who is merely interested in
what the algorithm does.

(6) WRITE. This is very much like
READ, except for one peculiar convention:
when one of the quantities to be written out
is a constant string, then this string is found
in the associated FORMAT statement, rather
than in the WRITE statement itself. An
example should make this clear. Suppose we
want to write out the sentence THERE
ARE 7 ERRORS IN THE ABOVE PRO-
GRAM. We have a count in our program

PET"
NOW!

TIS

PET 2001 « PET 2001 ¢ PET 2001 » PET 2001 « PET 2001 ¢ PET 2001 ¢ PET 2001
.

DOCUMENTATION

WORKBOOKS FOR THE COMMODORE PET 2001
Getting Started with Your PET WB-1 $4.00

Covers the fundamentals of PET BASIC: caiculator
and program mode. data input and output. data
representation. program storage on the cassette,

PET String and Array Handling wB-2 $3.95

Covers string and substring search, concatenation,
replacement and manipulation.

PET Graphics WB-3 $4.95

Covers use of cursor control and special graphics
symbois to draw plots, histograms, and sketches.

PET Cassette 1/0O WB-4 $4.95
Covers OPEN, CLOSE, string and numeric data files.
Miscellaneous PET Features WB-5 $3.95

Covers the clock, random number generator, upper
and lowercase alphabetic characters, saving memory
space, etc

Add $1.50 for shupping and handling.

TIS
P.0O. Box 921
Los Alamos, NM 87544

Money back guarantee

Pet is a trade mark of Commodore Business Machines

100Z L3d ¢ L0OZ L3d ¢ LOOZ L3d ¢ L0OZ 13d © L00Z 13d e 400Z L3d ¢ LOOT L3d » LOGZ L3d * LOOZ L3d » LOOZ 13d

oPET 2001 » PET 2001 » PET 2001 » PET 2001 « PET 2001 « PET 2001 « PET 2001 ¢ PET 2001 ¢ PET 2001  PET 2001

L]
time. That is, we can have several STOP PET 2001 « PET 2001 « PET 2001 » PET 2001 » PET 2001 » PET 2001 « PET 2001
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ONLY PROGRAMMERS
SHOULD BE
ALLOWED TO SORT!

Isn't that ridiculous? They're your files, your infor-
mation and your needs. Take control of them now
with

SORT-80

available separately (for only $95.00) or as part of
FMS-80, the only fully integrated microcomputer
File Management System. From initial file defini-
tion through selective report generation, FMS-80
takes you every step of the way interactively.

Also ask about REMOTE-80 Intelligent Terminal
Software; SCREEN DESIGNER—interactively
create and utilize video forms; and MLU—the
complete Mailing List Utility. All run under any
CP/M-based system (IMDOS, CDOS, etc.).
BASIC interfaces implemented for most through
CALL, and all have unique benefits.

DEALERS: Have we got a deal for you! Liberal

discounts and painless evaluation packages—
we're waiting to hear from you.

COMPUTERS PLUS, INC.
678 S. Pickett St.
Alexandria, VA 22304. (703) 751-5656

CATCH THE
S-100 BUS '® (O) e

LIST  SPECIAL
Tarbell Floppy PRICE CASHPRICE

Disk Controller Kit 190% 159%
Percom Cassette

Interface Kit 8995 74%
Mullen Extender Board

with Probe Kit 35% 29%
SSM VBI-B

Video Kit 14995 1199%°
Godbout Econoram

TI8K Kit (Static) 136%  114%s
IMC MB-112

Slot Motherboard-Bare 69 4495
North Star Horizon

1 Kit 1599°% 1339%

Check Our Prices on
North Star, Vector Graphic, Cromemco,
Solid State Music, TDL, Mulien.

Quantities Limited. Shipping and Insurance Extra.
Prices Quoted Include Cash Discounts.

Bus..§—{000.inc.

Address...7 White Place
Clark, N.J. 07066

Interface...201-382-1318

December 1978 © BYTE Publications Inc Circle 316 on inquiry card.

called NERRS, which is, in this case, equal
to 7. We would like to write a statement
something like

WRITE “THERE ARE ”, NERRS,
‘“ ERRORS IN THE ABOVE PROGRAM"'.

In FORTRAN, however, we have to write
something like

WRITE (6, 92) NERRS

where statement number 92, the FORMAT
statement, is

92 FORMAT (‘ THERE ARE ', I3,
‘ ERRORS IN THE ABOVE PROGRAM?).

The I3 here is the format for NERRS (a
three digit integer), while the 6 in the
WRITE statement is like the 5 in the pre-
ceding READ statement; that is, unit num-
ber 6 is the standard output medium.

Where constant strings are not present,
WRITE is very much like READ. That is,
we can have a statement WRITE (6, 93)
N,A,B which will write out the quantities
N, A, and B. In some versions of FORTRAN,
we find PRINT 93,NAB with the unit
number 6 left out; the only thing to remem-
ber here is that we are not printing out the
number 93, as this is the FORMAT state-
ment number, just as before.

(7) DO. Suppose we want to repeat a
group of statements N times. Then, just
before these statements, we can write

DO251=1,N

where the last statement in the group to be
repeated has statement number 25. This will
not only cause the statements to be repeated,
but will set the index | to a different value
each time: 1 the first time, 2 the second
time, and so on up through N the last time.

(8) CALL. The FORTRAN programmer
can write CALL SUB, just like the 8080
programmer (the 6800 programmer would
write JSR SUB, meaning ‘“‘Jump tc sub-
routine SUB”); the difference arises when
the subroutine SUB has parameters. Where
the small system user has to figure out his
own way of passing parameters, FORTRAN
does this automatically. If the parameters
are A, B, and C, forexample, the FORTRAN
programmer simply writes CALL SUB(A,
B, C).

(9) SUBROUTINE. At the beginning of
every subroutine there is a statement like
SUBROUTINE SUB(X, Y, Z), which says
that the name of this subroutine is SUB and
that its dummy parameters (sometimes
called formal parameters) are X, Y, and Z.
This means that if SUB is now called as
above (that is, with the statement CALL
SUB(A, B, C)), then X corresponds to A,



Y corresponds to B, and Z corresponds to
C.

(10) RETURN. This is used in a sub-
routine in place of STOP; it stops the sub-
routine and returns to the program (which
could possibly be another subroutine) which
called this subroutine. If we use STOP in
a subroutine, the entire job will stop.

(11) FUNCTION. In FORTRAN there
are certain special functions: SQRT (square
root), SIN (sine), COS (cosine), and the
like. Thus the FORTRAN statement Y =
SQRT(A) sets Y equal to the square root
of A. But FORTRAN also allows the pro-
grammer to make up his own functions.
These are coded like subroutines, with two
exceptions. We start a function with a
statement like FUNCTION F(X, Y, Z)
which tells us that F is the name of the
function and X, Y, and Z are the dummy
parameters. At the end of the function
{normally just before RETURN) we write
F = e, where e stands for whatever we want
the value of the function to be. If we then
use the function F by writing U = F(A, B,
C), then, just as before, X corresponds to
A, Y corresponds to B, Z corresponds to
C, and e will now be computed and U will
be set equal to e.

(12) DIMENSION. This is used to define
tables (arrays). DIMENSION A(50), for
example, defines a table of 50 variables
which are called A(1), A(2), and so on up
through A(50). We can also, of course, make
reference to A(l), A(J+1), and the like.
DIMENSION B(3, 3) defines a matrix of
nine variables, B(1, 1) through B(3, 3),
and we can make reference to B(l, J} if I
and J have values 1,2, or 3.

(13) REAL.Mostlarge systems, of course,
have floating point representations for real
numbers. FORTRAN assumes that every
variable represents a real number unless its
name begins with |, |, K, L, M, or N, and
even this rule can be overridden by a REAL
statement. Thus REAL LAMBDA specifies
LAMBDA to represent a real number, even
though its name begins with L.

(14) INTEGER. The INTEGER statement
allows us to define variables whose names do
not begin with |, J, K, L, M, or N to be in-
tegers rather than real numbers. An integer
on a large system is typically 32, 36, 48, or
60 bits long; an integer on a minicomputer
or a midsize computer is typically 12, 16,
18, or 24 bits long.

(15) COMMON. Normally, when we have
a variable in a subroutine which is called
(for example) J, and another variable in
the main program (or another subroutine)
which is also called ], these are treated by
FORTRAN as two different variables. The
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BKRS )

( ] [ ]
DIGITAL/ JL

RELIABILITY
QUALITY
DEPENDABILITY

8K STATIC RAM
ASSEMBLED
S-100

ADDRESSING TWO INDEPENDENT 4K BLOCKS SELECTED
BY PLUGGABLE JUMPERS AT BOARD EDGE
ON-BOARD SWITCH WRITE PROTECTS/UNPROTECTS ALL 8K
OR EACH 4K BLOCK GAN BE PROTECTED ViA FRONT PANEL
B F F E R I N G ALL 5-100 BUS LINES ARE FULLY BUFFERED
ONE LS-TTL LOAD PER LINE
LOW POWER 21102 RAMS - THE BKRS TYPICALLY REQUIRES 1 5 AMPS
AT B VOLTS - 4 ON-BOARD 5 VOLT REGULATORS
WA”' S‘I’A'I’ES 0, 1. OR 2 WAJT STATES MAY BE SELECTED
VIA A PLUGGABLE JUMPER
U A L | T Y THE BOARD IS GLASS EPOXY WITH SiLK SCREEN LEGEND
FULL SOLDER MASKS ON BOTH SIDES. FLOW SOLDERING, GOLD CONTACTS
G U A R A N ‘l' EE IF NOT SATISFIED RETURN THE UNDAMAGED BKRS WITHIN
10 DAYS FOR FULL REFUND - ALSO 90 DAY LIMITED WARRANTY
DEHVERY STOCK TO 30 DAYS - CALL BETWEEN 8:30 AND 600 TO RESERVE
YOUR BKRS OR FOR MORE INFORMATION

P H A N TO M MEMORY DISABLE IS IMPLEMENTED VIA PHANTOM (PIN 67)

TESTING OF ALL SUPPORT GRGUITAY AND OPTIONS.
INTRODUCTORY 450 ns 250 ns
SPEC'AL ::ISCEEMBLED/TESTED $1499_5 $1899—5
CALIFORNIA RESIDENTS ADD 6% TAX
(714) 992- 5540 o f e

2555 E. CHAPMAN AVE.

SUITE 604
\__ FULLERTON, CA 92631 DIGITAL/ 11 )

ATTENTION COMMODORE PET* OWNERS

AUH] $100 MPA

EI_ECTRONICS (MEMORY + PERIPHERALS ADAPTER)
AN S-100 BUS ADAPTER FOR THE COMMODORE PET

& PLUGS INTO ANY S-100 BUS MAINFRAME

e CONNECTS TO PET VIA RIBBON CABLE (PROVIDED)
e FULL S-100 BUS EMULATION

e USE DMA DEVICES LIKE CROMEMCO DAZZLER™

o EXPAND THE PET'S MEMORY & I/0

s MEETS PROPOSED IEEE $-100 BUS SPECS 5
¢ EASY TO ASSEMBLE—-SOLDER MASK, LEGEND & SOCKETS
* $199.95 KIT, $279.95 ASSM. & TESTED + 5.00 SHIPPING.

The 5-100 MPA was the FIRST and s stll the BEST S-100 Bus Adapter on the market This well mougm out board actually meets
the proposad IEEE specifications for the S-100 Bus which insures compatabifty for the widest range of §-100 Bus penpherals. Now you
can easily expand your PET's memory and 1O capabiliies

THE 5-100 MPA CAN ALSO BE A STAND ALONE 6502 CPU BOARD FOR THE S-100 BUS

With the addtion of a 6502 chip and a few cther components, the 5-100 MPA becomes a stand-alone CPU board for the 5-100
Bus—the only one to offer such complete compatabiity Just order the Stand-Alone Option Kit for an additonal $49 95

OTHER HUH ELECTRONICS ACCESSORIES FOR YOUR COMMODORE PET*

The BEEPER— Automatically beeps when cassette LOADS and SAVES are completed. Also can beep under
program control. Just $24.95 + 2.00 shipping. Fully assembled and tested.

The PETUNIA—Music Board that is actually an 8-bit DAC. Our software makes 1t play up 10 four notes at once.
Software included. External amp and speaker required. Just $29.95 « 2 00 shipping and
handling. Fully assembied and tested.

The VIDEQ—  Allows use of a standard monitor or TV with the PET. Great for classroom or remote viewing

BUFFER  Designed so that M&R Enterprises SUR'R'MOD Il plugs nght on allowing use of Standard TV's
Just $29.95 + 2.00 shipping and handing. With SUP'R'MOD |1 for standard TV's—$59.95 »
2.00 shipping and handling. Assembled and tested.

The COMBO— A Petunia and a Video Butfer ail on one board You save $10.00!t $49.95 - 2.00 shipping and

handling—with SUP'R'MOD 11—$79.95 « 2.00 shipping and handliing.

ALL HUH ELECTRONICS PRODUCTS ARE AVAILABLE FROM STOCK FROM LEADING
COMPUTER STORES OR FACTORY DIRECT. CALL OR WRITE FOR MORE
INFORMATION.

1429 MAPLE STREET
S4A1\N MATso, CA 94402 X NOW AVAILABLE.
(415) 573-7359 TRS-80 to S-100 Bus Adapter!!!

-EI.ECTRONICS {m‘ ‘_ DEALER INQUIRIES INVITED

PET 1S A TRADEMARK OF COMMODORE BUSINESS MACHINES.
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16/4+
+S$-100 Compatable

-Sockets for up to 16 2708’
-Eprom addressable in 4K biocks
-Ram runs at any |K boundary
-Disable/enable ram or any eprom
+Oto 4 eprom waitstates
+Solder mask-silk screen
$130 - kit $155-assembled

add $5 for 250ns ram

EPROM/RAM BOARD

PCE ELECTRONICS

Teletek UCRI. Allows

$25.00

$20.00

Software on Dajen/Teletek tape
or add $5 for 8'CPM disk, send

memory map,

CPM Interactive. $55.00

prices subject to change

Z-80 SOFTWARE

2COS I.O Cassette operation system
for the Zapple monitor & Dajen/
cassette
save 8 load from TDL/Xitan basic.

VIDEO 1.0,2.0 Full cursor control
video driver 64xI6 (1.0) or 80x24 (2.0).

SPHINXMON [.O A complete sysiem
monitor (4K). TDL/Xitan compatible

There 1s much more, including
complete systems; for more
information, send for our flyer.

PCE Electronics
4782 Dewey Drive
Fair Oaks Ca. 95628

5% for shipping
excess refunde

+master charge

.visa

.cahf residents
-phone orders add 6% sales
(916)966-2208  tax

-COD requires
50% deposit

-all products
guaranteed

market for its microprocessors than might
have been expected.

In the past two years or so, scveral
variations of the basic 16 bit architecture of
this chip set have been offered on a custom
basis, and at least one such variation has
appeared in the form of an advanced S-100
bus computer (MCP-1600). Of course,
Western Digital has continued to supply
standard parts for the digital systems
markets, such as floppy disk controller
chips, and serial communications interfaces,
among others. With the experience of pro-
ducing more than onec read only memory
microcode definition for the MCP-1600
microprocessor system design, it was not
hard for the firm to write the microcode
needed to emulate a new design, a “P-
engine’ that executes the intermediate
language codes produced by the Pascal com-
piler developed by UCSD. Western Digital
calls the resulting chip set the “Pascal
Micro Engine” and considers this name their
proprietary trademark. According to Larry,
this product will be widely available in
several forms in January of 1979. What is
significant is that the software development
system for this chip set is the UCSD Pascal
system without any modification: a com-

bination of Pascal compiler, editor and
disk operating system written in Pascal. The
assembler for this machine is the UCSD
Pascal compiler, and its “‘assembly language”’
is Pascal.

One of the most interesting forms in
which the Western Digital Pascal Micro
Engine will be made available is as an as-
sembled black box computer which contains
the following hardware: the Pascal Micro
Engine processor; 64 K bytes of program-
mable memory; two RS-232 serial terminal
ports capable of operations at up to 19,200
bps; two parallel ports for support of a
printer; a floppy disk controller with direct
memory access which is capable of inter-
facing four floppy disk drives of 8 or 5inch
size, single or double density; and a power
supply for the processor. (Users will thus
have to supply a terminal and the actual
floppy disk drives with their own power
supplies.) Given the special introductory
price of $1995 for the first 500 systems
produced, and the $2995 price after the
introductory period, this package is truly
amazing. It is intended as a development
system for the MCP-1600 Pascal Micro
Engine chip set, even though it will cer-
tainly be available through the more pro-
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PET

GET HARD COPY FROM YOUR
COMMODORE PET USING A
STANDARD RS-232 PRINTER

1R

12008 i

L,
1200C
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PRINTER

The CmC ADA 1200 drives an
RS-232 printer from the PET
IEEE-488 bus. Now, the PET
owner can obtain hard copy
listings and can type letters,
manuscripts, mailing labels,
tables of data, pictures, in-
voices, graphs, checks, needle-
point patterns, etc., using a
standard RS-232 printer or
terminal.

ADAPTER

$98.50

Assembled and tested

$169.00 Apa 1200c

With case, power supply
and RS-232 connector

Order direct or contact your local computer store.
Add $3.00 for postage and handling per order.

@m—mE

ADA 12008

CONNECTICUT microCOMPUTER
150 POCONO RD, BROOKFIELD, CT 06804
(203) 775-9659
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BUSS

The independence of suss is a crucial factor in
its significance to users (and prospective users)
of Heath Co. computers. Information on new prod-
ucts is presented to Susc readers as it leaks out
of Benton Harbor, not held back to suit the plans
of the manufacturer. This has been true from its
first issue, which directed attention to the 8080
and LSI-11 months before any advertising appeared
on the H8 and H11. 5suss features candid accounts
of owners' experiences with their computers--this
is far more valuable than an article based on the

The Independent Newsletter
of Heath Go. Computers

BUSS

opinions of a single reviewer. It shares news of
compatible hardware & software from other vendors
as well as reviews of books that can help you get
the most out of your computer system.

Every issue of Buss travels by first class mail
(outside North America it goes by air for only $2
extra). VYour 12-issue subscription can be on its
way to you within a week. You have the choice of
starting either with the latest issue or with all
available back issues. Send $7.50 to Buss, 325-B
Pennsylvania Ave. SE, Washington, DC 20003.

Techaicsl

Foruim

Resonating Modulators

Allen Watson 11
430 Lakeview Way
Redwood City CA 94062

As a recent Apple 1l purchaser, 1 enjoyed

priced GE portable, and the interference
with my first setup was pretty bad.
Something about the length of the lead
to the TV set got me to thinking. | remem-
ber making dipole antennas, and somehow
4 feet seemed like a familiar dimension.
Channel 3's picture carrier frequency is
about 61 MHz, for a wavelength of about
5 meters. The cable from the modulator
to the color set is about 4 feet (1.2 meters)
long or almost exactly a quarter wave. That
makes it a very good antenna for any har-
monics (60 thru 65 MHz) of the Apple
clock, character generator, etc. The cable is
looped through a large ferrite toroid, which
helps quite a bit, but a simple modification
makes things even better. All you have to do
is add an 18 inch extension cable, thus
mistuning the channel 3 antenna, and 90
percent of the interference will disappear.

We just got around the problem of radio

your review of the Apple Il (March 1978
BYTE, page 18). | was especially interested
to see that you encountered most of the
same problems | did, such as the inter-
ference with the color receiver. | too am
using the M & R Enterprises modulator that
installs inside the Apple Il along with a low

frequency interference with our Apple I/
by use of the M & R Enterprises UHF
modulator recently acquired. Without even
putting a single toroidal balun core on
the coaxial cable, the same Panasonic
color television runs without any inter-
ference. .. .CHm

ILLUSTRATING BASIC
A Simple Programming Language

DONALD ALCOCK

“Here’s a book . .. to introduce complete beginners to the
BASIC language in a charming way. Every page is illustrated
in pen and ink style; even the body of the text is
the author. ... Alcock’s experience in

handlettered by
lecturing about computers to students of all ages shows in his
lucid writing and dry humor. ... Of the many texts on
BASIC, this is one of the most engaging.” — Computer

Dealer
Hardcover $10.95

Spiral-bound Paperback $3.95

AN INTRODUCTION TO THE STUDY
OF PROGRAMMING LANGUAGES

D. W. BARRON

“One of the most interesting books available in the field of
computer science. Not a mathematical treatise, this text
might be retitled: ‘Everything you always wanted to know
about computer languages (but were afraid to ask).” ”

Choi
oree Hardcover $14.95 Paper $5.95

Cambridge University Press
32 East 57th Street, New York, N.Y. 10022
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California DigiTal

Post Office Box 3097 B ¢ Torrance, California 90503
S- 100 Mother Board

This is a one time purchase of
NEW BSurplus keyboards, re-
cently aquired from the Tele-
communications Division of the
Singer Corporation.

The keyboard features 128
ASCII characters in a 63 key
format, MOS encoder circuitry
"N'" key rollover, lighted shift
lock, control, escape and re-
pete functions.

Sloped pannel and positive feel
switches, makes this profes~
sional quality keyboard an ex-
cellent buy at only $64.95.
Limited Quantities.

CLARE-PENDAR

General Instrument Corp.

KEYBOARD
ASCH ENCODED

away, we're going to ship more
43's n 1979 than the aggragate
of 2lf our compatito

Model 43AAA (TTL)

EACH 3 10 .25
$925, 875. 850. 825.

RS-232 Interface™K” Ada7500  shiogmg ” IO

2995
DBRETES

rba-tlm APPLE/TRS-80

Mini - Soft sector

SPECIAL
APPLE (I

6K MIEMOR

COLOR » GRAPHICS * SOUND

$1024

PLUS SHIPPING
-100 PROTOTYPE BOARD

1
o

The Quiet Buss from California Industriat is
& quality engineered. No short cuts have been taken
to produce this mother board. Active termination
circuilry prevents noise and crosstaik, Manufac. |
tured from extrs heavy FR-4 spoxy glass,
18 slot
IMSAL

HEXADECIMAL KEYBOARD
$34395

Maxi-Switch hexadecimal ksyboards are designed tfor
microcomputar systems that reguire 4-bit output
in standard hex code.
Each assembly consists of 18 hermeti-
cally sealed read switches and TTL “oney
shot" debounce circuitry.
Rellabte low friction acetal resin
plungers are credited 10r the smooth
operation and long llte of this pramium
keyboard.
Requires single + & voil supply.

REPEAT

Q(WIE

_ |SONDC3|EOT| ACK
"|A|S|D|F

SHIFT

SHIFT z

i

CONNECTORS

your choice

COLOR TELEVISION
RF. MODULATOR

The Atan RF Modulator
allows computer data 10 be
dispiayed directly upon your
existing tetevision system
This unit converts the sig-
nal trom the Apple il and
other video sources info
television_traquencies
Qperates trom single 5
volt supply. Complete
with metat case, mating
connactor and 15

DB25P
male plug & hood
GOLD

DBZS;rumale ; il 100 PIN H
5395 1 IMSAI/ALTAIR

——— $4.95 3/$10.00
Qty. fe. male hd. $4.95 3/413.00
10 345 245 115 $5.95 3/915.00
25 3.15 2.25 1.05

100 2.851.90 .95 tl 95 3/45.00

500 2.251.60 85 $1.09 3/$2.00
1K 197137 .73 ‘l .95 3/45.00

scutcﬁ APPLE RS- 232

Serial Interface $59.9
DISKETTES

Interfaces -
Apple II to
Teletype or

8inch SoftuBm) other seri-

8inch 32 sector al printer,

Mini Soft sec.

Mini 10 sector

Mini 16 sector

ELECTRONIC
SYSTEMS

MEMORY

DYNAMIC

4115 8Kxl 11.85

ey UNIVAC
KEYBOARD

The famous Sperry Univac 1710 Hallanin keyboard assembly
1 naw avadable trom Caiorva Industal for anty $24.88
The ideal computer nput device for accountants and
mathemancians The numeric keys ata placed on the lower
three rows 10 regemble a ten key Bdding maching This
format aliows oné handed numenc cala entry

Onginal cost was 5385 Used bt guaraniead in excelient
condition Complete with documentation

Mig.Sug.
Retail....

$1195

Extender Board

D LED k
Tlmer - Kjt| Mullen ‘3455

As featured in the August '78 issue] bleshooting of all $-100 mi-
of POPULAR ELECTRONICS. crosystems. Includes togic

T'me 1 second to £0 hours | probe along with high-low

and pulse LED display.
Infy ti
s34,9 unp:.rllr:'::“‘ Also available, the Mutlin

CB-1 controller board $88.

CRT TERMINAL

Sanders Associates

Certified Digital
CASSETTES

Won't drop a BIT!
+550

‘498

10 for $45.

CALIFORNIA
INDUSTRIAL
is an
Authorized
Dealer of
Scotch Brand
Data Pr.oducts

Allows wire wrop of ol sizes
sockels i any sizes of
sockefs in any combindtion.

0 reg n
for muitiple volloge applica-

MINIATURE

switch SWITCHES

en position
BCD
$139%..

1-7 8-32 32+

11,50 *

4116 16Kx! 13,95
(4pple 1l & TRS80)
4164 6aKx1  * *

13.00 12.25

*

® As you may be aware, publishers
require advertisers to submit thmr

ad

date.

copy 60 1o 90 days prior to “"press’ J
That much lead time in a volatile market place,

such as memory circuits, makes it extremely difficult
to project future cost and availability.

T'o obtain the best pricing on memory we have made
volume commitments to our suppliers, which in turn
affurds us the opportunity o sell these circuits at the

most compelitive prices.
if you have
ory

ZBOA 4 NHz.
80804 CPU

8085

8086 Intel 16 bits
NS 9400 16 bits

Please contact us if you
a demand for volume state of the art mem-
products.

STATIC
21L02 350n8.
211.02 250n8.
2114 1Rx4 450
2114 1kx4 300
4044 4Rx1 450
4044 4Rx1
4045 1kx4
4045 Thxd
5257 low pow. 7.

SPECIAL CIRCUITS

~u99 1K+

.89

1-31 32-99 100-5C

.19

-3
3

GF kK 4O g
: 3%
@

Bl

1
1
6
8
8.
Y
8
9

QR E DD T
PR

»n
o

us

=

@

.95 AY3-1013A UART 4.95

Floppy [isc Controllers
WD 1771 single . 39. 95
WD 1781 Double D 65. 00
WD 1791 /N 3740 *

16-63
4.50
8.50

EPROMS 1-15 64
1702A 2K 4.95
2708 8K 9.95
2716 16K 19.85

2532 32K *
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IBBON WIR

TWISTED PAIR

c
R

These used vidio display terminals were
in working condition when we purchased
them from the reservation division of a
major U. 8. airline.
The terminals are RS-232 and should eas-
ily interface to most micro-computers.
I'o facilitate a quick liquidation of these
units, we are offering them as-is,
non-returnable for only $149,
© Please include $35. 00 for shipping,
the balance will be refunded.

ettt s —
SPECIAL SPECIAL SPECIAL

Power Adapter

Gvide,140mA $1.39 \
7vdc, 1.4 A, 550
9vdc 200maA. 1.19
10 vAc,300mA. 195

Only 10,000 Available

| Leads 1an out tofit
Mini-DIP sochet

| 3for$98

2

S,

Transistors
es. 10 50 100
2N22224 .20 .18 .16 .15
2N3055 .69 .65.59.55
MI3055 .79 .75 .69.65
2N3772 159 149139129
2N3904 .15 .11.09.07
283906 .15 .11.09.07

Diodes
10 25 100

1N4002 100v..08 06.05
1N4005 600v..10.08.07
1N4148 signat .07 05.04

‘:nbn red  ea. 10 25 100
ED’ HE13.11.

All mecchandive soid by Caliorn

Qutput:
12v.ct. 175mA.
TRANSFORMER

duty grounded
power cord and mating
chassis connectors.

\

NESSSH:

i
i
|
|

Page Wire Wrap Kits
precut & stripped

KIT Nol ‘695
900 Assorted I.ugnu

KIT No.2 *1995

2800 Assorted Lengths
250" Bulk Wire

IMMER
POTENTIOMETERS
2K 5K 10K 50K
50" ’.98

20 50 100
16 14 12
21»679-9001

uatelal 1s premium grade
e dny recelved

Sorry, ne COD's « Foreign arders add 10

Credit cards accepted, $20 mimimum

£ : gy

your choice
10 50 100 1k
5'98 488 .81.73 .66
SPOT Miniature Toggles

7101 C&K ON-NONE-ON
7107 jbt ON-OFF(mnt.ON)
7108 CK_ON-(moment. ON)
Rocker JBT DPDY

3r-4 Pns

Rotary

Rotary P-

Push 8 (N.0.) $.39¢a. 4/51
DIP Switch

’l“ 10 25 100 1K

12911
specify

10 _50

CAPACITORS

ELECTROLYTICS
o2 10 SO
80,000/10v. 395 349 295
4500/50v.849 135 19
1000/15v 355 49 45

axial

$12 09 07
.06 .05 .04

1dise
01disc

iCc SOCKETS

wire wrap  low profile
2. 25 50 e 25 SO

17:16 1§
18 17 16
19 18 17

3736 35
38 37 36
9993 85 36 35 3¢
169155 139 63 60 58
KYNARWE

500 1,000 11,000

38, 515, $10s.

0K HOBBY WRAP-10
wire wrap&strip tool

5545

S0ft.
$

98
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-pin pcb .20 ww 35 g“ggg; f",‘;’; (2N2222 Plastic .10) }g
1N4n05 600v 1A .08 14-pin  pcb .20 ww 40 Plastic - :
1N4007 1000V 1A 15 16-pin  pcb 20 ww 40 | 5N3904 PN (Plastic. Unmarked) 39
nes e, 2| fenoee w2 ) BB ML LT B
v ener . -pin pcb .35 ww .95 . v
IN753A 6.2v 500 mW Zener .25 24pin  pcb .35 ww .95 T o RS e lington et
IN758A 10v " .25 28-pin  pcb .45 ww 125 D.L.747  7seg 5/8" Migh com-anode  1.95
1N759A 12v " .25 40-pin pcb .50 ww 1.25 MAn‘gél 0 ; seg com—anoge {ged) ) }gg
’” . seg com-anode range. .
IN5243 Tav - 25 Molex pins .01 To-3 Sockets .25 Eﬁﬁ‘éiﬁ ;seg °°"*‘";’h"ed‘y(’;{[,‘§","’ 128
‘ i eg Ct e A
1N52458 15v " -25 2 Amp Bridge  100-prv 9 FND359 7 :eg com-cathode (Red) 1.25
25 Amp Bridge  200-prv 1.95
C MOS - TTL -
4000 .15 7400 .10 7473 .25 74176 .85 74H72 .35 74S133 40
4001 .15 7401 .15 7474 .30 74180 .65 74H101 .75 745140 .65
4002 .20 7402 .16 7475 .35 74181 2.25 74H103 .55 745151 .30
4004 3.95° 7403 .15 7476 .40 74182 .75 74H106 95 745153 .35
4006 95 7404 .10 7480 .bb 74190 1.25 745157 .75
4007 .20 7405 .25 7481 .75 74191 .95 741.00 .25 745158 .30
4008 .75 7406 .25 7483 75 74192 .75 74L02 .20 745194 1.05
4009 .35 7407 .65 7485 .65 74193 .85 74103 25 745257 8123) 1.05
4010 .35 7408 .16 7486 .25 74194 .95 74L04 .30
4011 .20 7409 .16 7489 1.05 74195 95 74L10 .20 74L.S00 .20
4012 .20 7410 .18 7490 .45 74196 95 74L.20 .35 74LS01 .20
4013 .40 7411 .25 7491 .70 74197 95 74L30 45 741.S02 .20
4014 75 7412 25 7492 .45 74198 1.45 74L47 1.95 74LS04 .20
4015 .75 7413 .25 7493 .35 74221 1.00 74L51 45 74L.S05 .25
4016 .35 7414 .75 7494 .75 74367 .75 74L55 .65 74LS08 .25
4017 .75 7416 .25 7495 .60 74172 45 741509 .25
4018 .75 7417 .40 7496 .80 75108A .35 74L73 .40 74LS10 .25
4019 .35 7420 .15 74100 1.15 75491 .50 74L74 45 74LS11 .25
4020 .85 7426 .25 74107 .25 75492 .60 74L75 .55 74LS20 .20
4021 .75 7427 .25 74121 .35 74L93 .55 741821 .25
4022 .75 7430 .15 74122 .55 741123 .85 74LS22 25
4023 .20 7432 .20 74123 .35 74H00 .15 741832 .25
4024 .75 7437 .20 74125 .45 74H01 .20 74S00 .35 74LS37 .25
4025 .20 7438 .20 74126 .35 74H04 -20 74502 .35 741538 .35
4026 1.95 7440 .20 74132 .75 74H05 .20 74503 .25 741540 .30
4027 .35 7441 1.15 74141 .90 74H08 .35 74504 .25 741542 .65
4028 .75 7442 .45 74150 .85 74H10 .35 74505 .35 741551 .35
4030 .35 7443 A5 74151 .65 74H11 .25 74508 .35 74LS74 .36
4033 1.50 7444 .45 74153 .75 74H15 .45 74510 .35 74L.S86 .35
4034 2.45 7445 .65 74154 .95 74H20 .25 74511 .35 741590 b5
4035 .75 7446 .70 74156 .70 74H21 .25 74520 .25 74LS93 b5
4040 .75 7447 .70 74157 .65 74H22 .40 74540 .20 7418107 .40
4041 .69 7448 .60 74161 55 74H30 .20 74S50 .20 74LS123 1.00
4042 .65 7450 .25 74163 .85 74H40 .25 74551 .25 74LS151 .75
4043 .50 7451 .25 74164 .60 74H50 .25 74564 .15 74LS153 .75
4044 .65 7453 .20 74165 1.10 74H51 .25 74574 .35 7418157 .75
4046 1.25 7454 .25 74166 1.25 74H52 15 745112 .60 74LS164 1.00
4049 .45 7460 .40 74175 .80 74H53) .25 745114 .65 7418193 .95
4050 .45 7470 .45 74H55 .20 7418367 .75
4066 .65 7472 40 741L.S368 .65
4069/74C04 .25
4071 .25 MCT2 .95 LINEARS, REGULATORS, etc.
4081 .30 8038 3.95 LM320T5 1.65 LM340K15 1.25 LM723 .40
4082 .30 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM7256N 2.50
MC 14409 14.50 LM301 45 LM320T15 1.65 LM340K24 1.25 LM739 1.60
MC 14419 4.85 LM308 (min)y .95 LM324N 1.25 78L05 .75 LM741(8-14) .25
4511 , .95 LM309H .65 LM339 .75 78L12 75 LM747 1.10
74C151 1.90 LM309K (340K-5)85 7805 (34075) .95 78L15 .75 LM1307 1.25
LM310 .85 LM340T12 95 78M05 .75 LM1458 .65
9000 SERIES LM311D (mini) .75 LM340T15 - .95 LM373 2.95 LM3900 .50
9301 85 95H03 1.10 LM318 (mini)y  1.75 LM340T18 .85 LM380(s-14 PNy .95 LM75451 .65
9309 .35 9601 20 LM320K 5(7905)1.65 LM340T24 .95 LM709 (8,14 PIN).25 NES55 .35
0322 65 9602 45 LM320K12  1.65 LM340K12  1.25 LM711 .45 NE556 .85
MICRO’S, RAMS, CPU'S, eSS
E-PROMS ’
INTEGRATED CIRCUITS UNLIMITED NEse? 95
745188 3.00 8214 8.95
1702A 450 8224 3.25
MM5314  3.00 8228 6.00 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
MM5316 3.50 8251 8.50 - ]
21021 145 | 8255 850 (714) 278-4394 (Calif. Res.) DISCOUNTS
2102L-1 1.75 8T13  1.50 All orders shipped prepaid No minimum Total Order  Deduct
%:11146028 ggg g%g ;gg Open accounts invited COD orders accepted $35 - $99 10%
TMS 4044- 9.95 8797 1.00 Discounts available at OEM Quantities California Residents add 6% Sales Tax $100 - $300 15%
3080 21078-4 4.95 Al IC's Prime/Guaranteed. All orders shipped same day received. $301 - $1000 20%
8212 ggg ggaPlo :gg 24 Hour Toll Free Phone 1-800-854-2211 American Express / BankAmericard / Visa / MasterCharge
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: is the heart of this off-lease batch-processing hard-copy 1/O terminal.

# terminal and CPU can be as fast as 280 cps {over 2400 baud)} by means of the 350 character line buffer

} RS232 connector cable between terminal and standard serial 1/O card@Includes complete documentation:

& Poter Henry. Reference in this advertisement to PERSONAL COMPUTING or to Messrs Prentice or Henry does not imply

GTE/IS Novar Selectric Terminals

MODELS AND PRICES:
MODEL 5541 (IBM 2741-Type Terminal, EBCD or Corres.
Code) . .. .. it it i e i e e $695
MODEL 5550 (wlbunlt-m cassette drive for offline data storage
or use as memory typewriter, EBCD or Corres. Code). . . $1195
MODEL 5560 (ASC1l code w/cassette drive). . . . . ... $1295
1/0 TYPEWRITER ONLY SPECIAL:

MODEL 725 IBM Selectric includes keyboard pickup switches,
out-put solencids, and magnet driver PCB to coordinate input/
output signals. Requires +24V and +5V.
MECHANISM ONLY, cleaned and adjusted
CASE from terminal, with POWER SUPPLY. . . . ... ..

A standard 18M model 725 Selectric Typewriter {or your own 15" carriage Selectric | or Selectric [4)
{Thousands were made for Sears
Printing speed is 15 characters per second. Data transfer rate between

and other major companies).

and built-in digital cassette tape drive which stores data from the keyboard as typed or as transmitted
from a computer or another terminal.

FEATURES: e Available in EBCDic or IBM correspondence code versions with ASCII translation and
1/O driver program in 8080 assembly language ® Microcomputer hardware interface is 10 wire EIA

Operator and Service Manuals, schematics, interface instructions for microcomputer and software

listing of 1/O driver and ASCIl translation program @ Optional Built-in 103 or 202 Modem available®

Typewriter can be serviced by any 1BM technician {solenoids, switches and wires have been attached

to the bottom of the typewriter without physical alteration of the factory mechanism).

*See, PERSONAL COMPUTING, September 1978, “Techno Turkey and his Electric Selectric,” by Lloyd Prentice and

their endorsement of PACIFIC OFFICE SYSTEMS or its products.

P

f*——‘o‘j

.orders, no substitutions. M/C & VISA accepted.

Full documentation included PLUS interface instructions
where indicated. All equipment is shipped insured FOB
Palo Alto within 14 days after check clears or COC
order is received. Prices may change without notice.

Call or write for details, quantity prices, catalog. 15 day
return privilege PLUS 90 day no charge replacement of
defective parts. AH orders shipped from stock. No back

PACIFIC OFFICE SYSTEMS, INC.
2600 El Camino Real, Suite 502
Palo Alto, Calif. 94306
(415) 321-386@

[ L]
POWER OP AMP 10 ’
250mA output current copability, Operates on as 125" x.250° Z80 CPU_ chi .
low as 3V. Input parameters are programmable for CHARACTERISTICS el Famous single chip vpprocessor with ull.lhe power
s . ELECTRICAL TR e of the 8080A plus 80 additional operations. Single
system optimizing. Electronic shut down allows TR B oo 5V M ingl lock N N
output to float. Packoged in 8 pin mini-dip. I R e T3 supply ond single phate clock. Directly in-
LMIB0BON . .vuvvvuesenannnansanenes S1.94 ColTemene M terfaces with stondard static and dynomic RAMS,
Specs and applications. ... .60 E“:’::a;:im: soure | g:ACEUPU.m
16K DYNAMIC RAM SECHANIAL FOR sz s70m: = TSPOCE e nnnrrraaaaannanans S
Replace your 4K dynamics for memory expansion. o - - 80CT
Super buy on this exact replacement for the 4116, ..3:.:?5‘:\?"" R z ¢ ble four ch '
g Prog device that provices
uPD416 (200nS)....0vevnse.... $20, 8/8144.00 0365 pswr e b Counting and timing functions for the 280 CPU.
UPD416 (3000S)............... $I8, 8/5128.00 yateRiaLs Z80CTC. e 0 e 00
21L02-4 (450nS) ::FE':;::::::::M“\ N A\ ZNACTC.......-..-... cecvssse $16:00
Speciol buy from major producer allows super v o wopper kel (s 8 - L T § |
pricing on these brond new prime memories| f Lo A —
MMZ2102AN=-4L, .. ..........$1.44, 64/$73.60 TR R Moy Z80 PIO
R e e poss bl herd coper sy Parallel interface controller is a two port TTL com-
6502 UPrOCesSOreevusernneenncerenness $10.95 EDGEBOARD [¥x CONNECTORS g&l;llainmfoce with the CPU,
. - . ZaOAPK.)..............................Sll.OO
CONNECTION DIAGRAMS . Tomlm.mldlmlnmuqle.l L 1 I XX 1]
T0-3 PACKAGE d 15 new | SPOCS. . v.reiiiinrraniranaceea.$l
{TOP VIEW) connector and TRI-TEK || pnud to oﬂu 113 'ar ﬁn
first time to our customers. The H43 representy 25 Pin Dato Connectors
Z o :ﬁ:‘m';:""h‘mm*hmdw DBC-25P (male) .............. $2.19, 10/19.80
DBC-255 (F cossessasesss 33,19 .
10 AMP REGULATOR Pin grid !s designed to fit most of the 5-100 b DBS5| 25256( .":OI:L 3.1 ’ 10/3;: ?;
JUSTREL&SED m&lmwdculml,Voaar,C . . Y R R PR YT .
78P05 is a 3 terminal, 5V, 10 - Will not it Altolr mother boords. D20418.....Screwlock assembly........... $1.19
I £ the 78H05 ond oth
TB'TSTOQUIQ:::IT the solf protection ol inkey glves you vp to seven times the” PRECISION VOLTAGE REFERENCE,
of the f 78H05: th I Himit, - 1.1, has the technology ond TRI-TEK hos T.I. ADS584 is a precision monolithic IC which has pro-
current limit, low out voltoge, in Solder foil  H433121-50 $3.59 10/$32.00 grammable outputs of 10V, 7.5V, 5V and 2.5V @
tog
TO-3 steel package. Wire wrap  H435111-50 $3.59 10/3532.00 3% maximum error| Full =55 o +150° operation.
78PO5SC..uiverienieraeeenes 312,95 Coantity wrict - AD584JH......(in 8 pin TO=5 can)...... $6.95
SPOCS. . e vscncacncsesnansarnsans 60¢ ty pricing avoilable Spec sheets.....covverenecaan. 60
j . For premium shipping (tirst class, specisl handling, etc.} . Any refunds will be By check, Aot credit vouchars. . N
TRITEN we. | oo iy ™IS oo
=2 7808 North 27th Avenue * cop nosmmsencoo et i s oo Derd cod s omen e countries 00 18%
_ . cancel your ovder i Sesired.
B . Phoenix, Arizona 85021 ¢ Anw cossondence nat connacied win vow oroe. © Term. Chvech, money order, creait cerd. Net 30 devs 1 Ineursnce (see‘re not e for )}
Chorgs card talephane orders (620 min.) witt be * Claims for snortages or Gemaged materisl must be made e enin S0 0 (uninsured porcets .50}
accepted 9-5:30 P.M. except weskends. wiitin 10 devs of recet of peck e o G e o,
Telophanwe (602) 9989352, No collect cails please. l + e s e 2 e oo e e R i par i e fchads Inwolcs pumbs
| n
234  BYTE December 1978 Circle 376 on inquiry card.




Incredible! but True
is Cheaper than cutting your own:

Fast o Rellable ® Economical

= No more cutting & stripping by hand
* Good, clean, uniform strip
= Cheaper than using bulk wire

PRECUT WIRE .BULK WIRE

100pcsof3” at$.82=31/4¢/1t. 50 ft. roll at $1.99 = 4¢/ft.
100 pcs of 6" at $1.06 = 2¢/1t. 100 ft. roll at $2.95 = 3¢/1t.
WireKit#1at$6.95= 2 1/3¢/1t.

Precut wire
/

Catalog available on request.

( WIRE WRAP TOOLS

i’ l 'k ‘
*Like

getting it for 528.0_0

HOBBY WRAP

Mode! BW 630 with

135 E. Chestnut St. #5 Monrovia, CA 9

Circle 297 on inquiry card.

#30Kynar stripped 1" on each end. Lengths are overall
Colors: Red.Blue.Green,Yellow,Black,Orange White WIRE KIT#1
i i i . f .
Wire packaged in ptastic bags. Add 25¢/length for tubes f.REE $6.95 VaIue) $ 34.95
100 500 1000 5000
25 in 78 2.40 4.30/K 3.89/K Batteries & Charger $11.00
3 in. 82 2.60 471K 4.22/K _ :
i 86 580 SAZK 455K WSU 30 Hand Wrap : Unwrap Strip Tool 6.25
4 n 90 300 552K  488/K WSU 30M, for Modified Wrap 7.25
avin. 9 3 5.93/K 5.21/K LBT 30 Extra Bit 2.95 J
5 in. 98 3.42 6.34/K 5.52/K :
5% in. 102 365 6.75/K 5.86/K
6 in 106 385 7.16/K 6.19/K N\
6% in 115 405  757/K  6.52/K 22" x65" '_NTERCONNECT CABLES
7 . 1.20 425 7.98/K 6.85/K SK 10 Ribbon cable connectors for connecting
7200 1.25 4.45 8.39%/K 7.18/K boardsto front panels. or board to board.
8 n. 1.29 465 8.80/K 7.53/K $16'50 SINGLE ENOED :oums ENDED ‘
8% in. 132 485  92U/K  7.84/K SOLDERLESS Wpn 16pm 24pm tapn 16pn 26 pin
9 in 17/
BREADBOARDS | | . ' 1\ i s 16 1
1 1
10 in. 145 551  1044/K  BBIK INCLUDING L recat wre 213 e ses w3 %
& Addl. in. 10 41 B2/K .66/K J \ in assorted lengths — FREE! 8 N 206 340 291 317 50!)
)
( WIRE KITS N( WIRE WRAP SOCKETS
19 10-24 2599 100-249 250-999 I1K-5K
#1 $6.95 #2 $19.95 Bon’ 35 3 @ 29 25 2
(2.2 ¢/11.) (1.9 ¢/1t.) Mom: % B a2z
250 3" 100 4%" | 250 2%" 250 5" oom 8 11 & 48 4
250 3%" 100 5" | 500 3" 100 5%” 2pn’ 0 B om0 W@
100 4" 100 6" | 500 3%" 250 6" someup 125 105 % & 10 &
’ " i B 76 7
ggg 41/ 188 g‘/z Popm 1% 140 1% 120 105 %0
2 Gold 3-Level Closed Entry Design
1-250 ft RO” End & Side Stackable All prices include gold
#3 $23 95 #4 $42 95 \ 2-Level Sockets Available )
(1.7 ¢/ft) (1.5 ¢/1t)
4 | D
500 2%" 500 4%" | 1000 2%" 1000 4" 44 Pin  Solder Tail $1.75 $15/10
500 3.,2 500 5" 1000 3" 1000 5..2 EDGE CARD 100 P:: Sgld:: T::l $3.50 $30./10
CONNECTOR 100 Pin Wire Wrap  $350 $30./10
500 3%" 500 5%" 1000 3%” 1000 5%" * ‘
500 4" 500 6" | 1000 4* 1000 6" SALE! 100 s eomnecors e on WHSA. spacing
\ Choose One Color or Assortment ]\ J
]m@ E ORDERING INFORMATION
@ [BHH[BUJ E&E@H@@MU@@ | B
s Abothers shippedPpdintU S viaUPS
® ForB8luelLabel {Ar)or 1st Class, add $1
° We accept Visa & Mastercharge

. Most orders shipped same day
Dealer Ingquiries Invited

1016 (213) 357-5005
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CHRISTMAS GIFTS for YU U R

FAVORITE COMPUTER

WSIUO PRODUCTS FROM WAMECO

FPB-1 FRONT PANEL BOARD FDC-1 FLOPPY DISC CONTROLLER

DIRECT PLUG IN REPLACEMENT % WILL CONTROL MINI OR FULL SIZE
FOR IMSAI FLOPPY DISCS

HEXADECIMAL READOUTS FOR DATA, % WILL CONTROL UP TO EIGHT FLOPPIES
ADDRESSES, AND PORT AS CONFIGURED, WITH SIMPLE

USES LOW COST SEVEN SEGMENT TMOO&IF] CATION WILL CONTROL UP

DISPLAYS

CAN SINGLE STEP BY INSTRUCTION ¥ USES CPM
OR BY BYTE

* % %k X

$50 BARE $45 BARE

&Y™ OTHER WAMECO INC. S-100 PRODUCTS (bare board price)

* QMB-9 Nine Slot Mother Board $35. * EPM-1 4 KBYTE 1702 EPROM Board $30.
* QMB-12 Thirteen Slot Mother Board $40,  * EPM-2 16 or 32 KBYTE 2708/2716 EPROM

* MEM-1A 8 KBYTE 2102 Ram Memory Board $30,
Board $30. * RTC-1 RealTime Clock Board $30,

* MEM-2 16 KBYTE 2114 Ram Memory %* CPU-1 8080 CPU Board $30.
Board $30,

”WAMECO DEALERS AND DISTRIBUTORS:

DENMARK UNITED STATES * Electronica Systems COLORADO PENNSYLVANIA
Piezodan Aps. ARIZONA P.O. Box 9641 Bits and Chips Marketline Systems
Bakkedraget 55 * Computer Ware, lnc. San Jose, 95157 718 9‘“ Street 2337 Philmont Ave.
AUS TRIA 3480 Fredensborg 214 Went Southern Phone (408) 226-4064 Greele Huntington Valley
Margreiter Data System Phone 03-283744 ;'mp‘- 35)2326 o Phone (303’ 356-7554 Phone (215) 947- 6670
A-i070 Wien GMBH 'hone {602) 968-6312 Hobby World
Schottenfeld Gasse 11 ENGLA_ND 5716 ‘;,,.“ Manchester #5 32Yte Shop of Colorado Springs Micro-Compgur Producta
Phone (0222} 96 15 65 Leenshire Ltd. CALIFORNLA Los Angeles. 90045 1845 N, C:rcl- Drive 116 S. Pugh Street
13 Cathedral View Adares Micro Computer Systems Phone (213) 641.-4200 Colorada Springs. 30909 State College. 16801
CANADA Winchester S5O0?3 8PR 239 Frances Street Phone (303) 633-7075 Phone (814) 238-7711
Stephen Fieldin Bakersfield. 33308 Hollywood Systems
Hu:\ilton Logxc‘Sysums FRANCE Phone (805) 393-1326 9100y;unuuv51vd. The Computer Broker TEXAS
52 Robins Avenue Euro Computer Shop Suite 112 12805 W. Stanford Young Electronics Service
Hamilton, Ontario LaH 4N4 |0 Rue Louis Pasteur * Advanced Computer Products Hollywood, 90069 Morrison, 30465 P.O, Box DD
32100 Boulogne 1310 "B" East Edinger Phone {213) 271-9726 Phone (303)979-6441 College Station, 77840
F. Jackson Electromes Co. L2F Santa Ana. 92705 Phone (713) 693-3462
Box 20, Site 2. RR#3 Phone Paris 825-82-52 Phone (714) 536-8813 * Jade Computer Products ComPuter Technology
Aumdale. Haiilax County  cpp ~ 4901 Wost Rosecrans Blva, 3100 Wast 64th Ave. WEST VIRGINIA
Nova Scota BIL 433 MANY Anchor Electronics Hawthorne, 90250 Denver, 80221 The Computer Corner
B o ey ABC Computer-Shop GMBH 2102 Walsh Ave. Phone (213) 6793313 N 22 Beschurat Ave.
Schellingstr. 33 Santa Clara Miti Mini Computer Co. Morgantown, 26505
» Orthon Computers 3 000 Munchen 40 Phone {408) 246-3696 1. C.E. House, Inc. 621 5. Broadway Phone (304} 292-9700
12411 Stony Plain Road Phone 089/282892 P.O. Box 338 Denver, 30209
Edmonton. Alberta TSN 3N2 Byte Shop Computer Store San Bernardino Phones (303) 778-6230,
Phone (403) 488-2921 JAPAN 3400 E1 Camino Real Phone (714) 888-3690 7338681
Onward Entarprise Corp. Santa Clara HAWAILL
Robo-Tronics Susehirorocho Heim Bldg. Rm 706 Phone (408) 249-422! * Mikos Mahalo Microsystems Limited
509 16 Avenue NW 3.5, 3-Chome, Sokokanda, 419 Portofino Avenue 355 Royal Hawaiian Ave.
Calgary T2VROJ6 Chiyoda-Ku Tokyo, 101 Byte Shop of _Paln Alto San Carlos, 94070 Honolulu
Phone (403) 282-9468 Phone (03) 255-9885 2233 El Camino Real Phone (808) 922-2152
Palo Alto, 34306 PCE Electronics
The Computer Shop SCOTLAND Phone {415) 327-8080 4782 Dewey Drive NEW JERSEY
3515 18th Street S. V. AIRAMCO Ltd. Fair Osks, 95628 William Electronics Suppiy * DISTRIBUTOR
Caligary T2T 4T9 30. Witches Linn, Ardrossan Computrend Phone {916} 966-7033 1863 Woodbridge Avenue
Ayrshire, KA22-8BR Box 2541-K Edison, 08817
Phone 0294-68530 Anaheim, 92804 Proko Elsctronics Phone (201) 985.3700
. . ., Phone (714) 533-3572 San Luis Obisbo. 93401
Da|er | nau II‘IeS I nV|ted ] Phone (805) 544-5441 MINNESOTA
H D.C.1. Computer Systemas P.3. Inc.
4670 N. El Capitaa 1625 First Avenue North

University Discounts Available 200 2669566 Fron (219 253 -6682

/wmc;inc. WAMECO Inc, 3107 LANEVIEW DRIVE, SAN JOSE, CALIF. 95132
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Unclsssilied Ads

WANTED: My 4 K PET needs more memory.
Anyone with access to eight MOS 6550 pro-
grammable memories please write Barry Swartz,
3727 Tartan Ln, Houston TX 77025, (713) 663-
6401,

FOR SALE: Altair factory assembled 2S10 board.
Wired for TTY and RS232. Never used. Best offer.
Write or call Robert Cardamone, 304 S Penn St,
Punxsutawney PA 15767, {814} 938-4185,

FOR SALE: RS 232 interface for Diablo printer
with CDC interface advertised in May and June
1978 BYTE. $250. H Stone, 64 Morgan Cir,
Amherst MA 01002.

FOR SALE: Set of BYTE magazines September
1975, number 1 to July 78, volume 3, number 7
{complete, except November 1977, volume 2,

number 11). 33 magazines total. Excellent con- ~

dition. Best offer, (614) 389-3452.

WANTED: For MBT Inc (model 015) Disk
Memory Unit: specifications, schematics and
maintenance manual. This company is now out
of business: | have been unable to obtain tech-
nical information through normal channels. Bert
Richardson, 13 Fern St, Natick MA 01760.

FOR SALE: Kleinschmidt teletypewriter TT-117/
FG with reperforator/transmitter, Baudot code.
Used and working, $100. Tektronix type CA dual
trace plug-in unit for 585 or similar scope, $150.
M H Research R1008 plus and minus 300 V DC
power supply, $25. Locarte 3 A 120 V DC power
supply (not isolated from AC line), $20. Lambda
LT 2095M 0 to 32 V, 0 to 2 A power supply,
$75. SWTPC 143 0 10 35 V, 0 to 2 A power
supply, $20. All items plus shipping. $ Lei, POB
5312, Fargo ND 58102.

FOR SALE: BYTE number 1 to date, $25 year.
SCELBI 8B users manual, machine language,

assembler, monitor, editor, four issues SCEL8/

Computer Digest for 8008 and similar computers,
all for $50. Other manuals and books on
electronics and microcomputers. You pay postage.
Davey B8 Movers, 10743 Karen Gale Ln, Jackson-
ville FL 32225, (904) 641-9485.

FOR SALE: Texas Instruments TI-59 program-
mable calculator and PC-100A printer complete
with extra paper rolls, magnetic cards and pro-
gramming manuals. All for $300. Peter Ludwig,
921 Fernwood Av, Plainfield NJ 07062, (201)
263-0200 (ext 3576) days or (201) 753-9780
evenings.

FOR SALE: Heathkit H-8 Computer System;
expertly assembled and tested. Includes 24 K static
programmable memory, serial and cassette input/
output, H-9 video terminal, cassette piayer, all
standard Heathkit software plus Extended BASIC,
all documentation. | am graduating from college
and must sell; asking $1725 and | will ship it. Catl
or write Dan Harrington, 927 J St, # 49B, Davis
CA 95616, (916) 756-7932.

NEW UNCLASSIFIED POLICY

Readers who have equipment, software or other items
to buy, sell or swap should send in a clearly typed notice
to that effect. To be considered for publicstion, an adver-
tisement must be clearly noncommercisl, typed double
spaced on plein white paper, contain 75 words or less, and
inciude complete name and address information.

These notices are free of charge and will be printed one
ume only on a space available basis. Notices can be sc-
cepted from individuals or bona fide computer users clubs
only. We can engage in no correspondence on these and
your of is wn an issue of
BYTE.

Please note that it may take three or four months for an
ad 1o appear in the magazine.®
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FREE: Data cable with the sale of a Persci 1070
intelligent disk controller $500 assembled and
tested. TDL SMB board (dealer demonstration
model}. Two serial input/outputs, one parallel
cassette interface and TDL 2 K Zapple Monitor
in read only memory and 2 K programmable
memory. Fully assembled and tested, $220.
TDL software package A with 12 K BASIC,
Z-80 assembler, Z-TEL, text output processor,
all to run under CP/M format. 8 inch diskette,
manuals and notebook, $189. Call or write Ted
Nakamura, 3421 Onyx St, Torrance CA 90503,
(213) 371-8138.

FOR SALE: Best prices. S-100 bus 16 by 64
video interface (ASCH and block graphics),
assembled $100. 8 K programmable memory,
assembled $100. Prototyping board, including
buffers and regulator on board $20. Full ASCH
keyboard, including user defined keys $35. Call
or write Philip Klein, 1524 Sacramento St
Berkeley CA 94702, (415) 524-9711,

FOR SALE: HP-67 calculator for sale, program-
mable, automemory stack and much more. Un-
used, will accept reasonable bid. Call {913) 642-
4663.

FOR SALE: MITS Altair 8800A, 8 K program-
mable memory, serial input/output and audio
cassette |0, all documentation, $450. Bright
2610 magnetic tape drive, 800 bits per inch, 27.5
inches per second with two controllers for Data
General line of minicomputers. Tape unit was
working with one of the controllers when removed
from system, condition of other controller un-
known. Schematics and manuals included, $850.
L D Stricklan, 21733 Alcazar, Monta Vista CA
95014, (408) 257-4805.

FOR SALE: Dual trace oscilloscope, Heath 10-
4510, 15 MHz, with calibrator, manuals. Like
new, $545. Digital Muitimeter, Heath IM-2202
with manual. Like new, $160. Swan 350 Amateur
Transceiver, with 117cx power supply, transmitter
control unit VFO, manuats. Good condition, $345.
Robert Shostak, 1961 Camino de los Robles,
Menlo Park CA 94025, (415) 326-0443.

WANTED: Any information that you may have
pertaining to Radio Shack TRS-80 software and
peripherals. | have a 16 K Level Il system and
would like to add a printer and disk. Both must
be capable of running off a 50 cycle power as | am
stationed in Athens Greece. Robert Daniel, PSC
Box 2088, APO, New York NY 09223.

FOR SALE: Teletype 3320 printer with SJE
punch/reader, Carterphone DX 103A-7 and Dal-
Data Dialer; $730 plus shipping. Steven Terharr,
650 Beech, Moorhead MN 56560, {218) 236-8129.

FOR SALE: Centronics 101, 132 columns, 5 by 7,
165 characters per second, 8 bit parallel interface,
uses standard size pin feed paper. $950 on trade
for Diablo Hytype Il. Frank Bennett, {408) 732-
3800 ext 633 (work) or (714) 735-0549 weekends.

OS| CASSETTE INTERFACE USERS: | have
some modules for 430 board to increase reliability.
Also mods for 420C for standby power and modifi-
cation of the OS| Audio Cassette Tape Generator
program to produce double speed tapes. | would
like to share information on these or similar
subjects. Phil Bryan, 529 West St, Park City IL
60085.

FOR SALE: TI 59 calculator with all standard
accesories and numerous games, in perfect con-
dition, asking $220. Also for sale one slightly
used KIM-1, in very good condition with power
supply and all manuals. Philip Kaaret, 1113 E State
St, Ithaca NY 14850, (607) 272-9118,

FOR SALE: SWTPC 40 printer; 40 columns, 75
lines per minute. |'ve been using it for about one
year and it works great!! $200 or best offer. Digital
Group Phi-Deck mass storage with two drives;
PHIMON, cabinet and cable. Complete docu-
mentation included, $400 or best offer. Holden
Caine, 1 Windsor PI, Melville NY 11746, (516)
692.9512.

FOR SALE: 8 K PET, Commodore. Too small
for my needs. Two months old and completely
burned in. Some software and additional manuals.
Will ship anywhere in USA, $750. Mike Avelis,
108 Wynola Av, New Britain CT 06051, (203)
224-7016 after 6 PM EST.

WANTED: 280 or BOBO system monitor and
S-100 complete front panel with any available
data. Steven Friedel, 3344 149 St, Flushing NY
11354, {212) 358-8160.

FOR SALE: Sphere Boards: processor/2, cathode
ray tube/1A. Best offer. Richard Likwartz, 827
West St, Rock Springs WY 82901, (307) 362-5316.

FOR SALE: 16 K Leve! || TRS-80, Diablo 1200
Hy-Type (without keyboards), Regency HR-212,
R-390 receiver. Will swap 212 for talkie with
keypad. Kari Schneider, 4423 W Broadway,
Muskogee OK 74401, (918) 683-6511.

FOR SALE: KSR 35 tabletop ASCII teleprinter.
Uses either serial or parallel input/output, $550.
Four SWTPC 4 K static memory boards, $75
each. Heath 10 101 vectorscope/color bar gener-
ator, $85. Gary Wachter, POB 18955, San Antonio
TX 78218, (512) 655-9314.

FOR SALE: E & L Instruments MMD-1. As-
sembied and running, with Bugbooks. $250. Jim A
Church, 3570 Cortez Dr, Dallas TX 75220.

FOR SALE: 4 K Dynamic programmable
memories, MK4096, MK4027, TMS4060, tinned,
speed unknown (coded for Honeywell), $2 and $1
each. Teletypes: 35KSR, 33ASR, $450 each. Two
Digitronics 3500 HS paper tape readers, less
electronics, $75 each. Two MFE Digital cassette
transports and parts, $90 for lot. 14 pin DIP
cables, $1 each. Will consider trades for Shugart
Floppy disks for above. Carl D Cole, 1134 E
Geneva Dr, Tempe AZ 85282.

FOR SALE: DEC PDP-8F Minicomputer system.
16 K, two disk drives, video terminal, ASR 33
and much software. Make offer. John Robinson,
725 Berry Ln, Lexington KY 40802, (606) 266-
1509.

FOR SALE: Kleinschmit ASCII print drum (76
columns}. Electronics/parts for 311-321 printer.
Best offer takes it. Bill Vaughn, 2415 Richview
Ct, Garland TX 75040, (214) 495-2371 evenings.

WANTED: Software for the VIM-1 on cassette or
listings. N Carr, 13709 Peyton Dr, Dallas TX
75240.

BOWLERS NEED HELP: Hardware, software and
information needed to operate a state bowling
tournament. Robert Woods, 220 Madison St,
State College PA 16801, (814) 238-3816.

BYTE ISSUES: | have BYTE numbers 1 thru 15,
except number 11. Best offer takes them. Thomas
G McBride, 178 Mitchell- St, West Orange NJ
07052.

FOR SALE: Heath H8, H9, 16 K, cassette re-
corder, assembled and running; $1200. David J
Marcus, 430 Wolf Hill Rd, Dix Hills NY 11746,
(516) 427-1926.

FOR SALE: SwTPC 6800 mainframe; no cards,
just mother board and power supply. Assembied
and tested. $150. James VanProoyen, Weeks
Etectric Co Inc, 1057 Cottage Grove SE, Grand
Rapids MI 49507, {616) 243-8866.

FOR SALE: AMI EVK-300 system M6800 1
card computer. With 1 K programmable memory,
2 K erasable read only memory and programmer,
Proto monitor, Microsssembier/Disas read only
memory. Four paralfel and one serial ports to
19,200 bps, $700. 16 K board for the above,
$390. 2vi Peshkess, (517) 355-3164.



FOR SALE: KIM | and power supply; complete,
working. First $200 takes it and | will ship it.
Send SASE for return of late checks. Send certified
check or money order to Judy Upchurch, 107-G
Tall Oaks Dr, Greensboro NC 27408.

APPLE OWNERS: { am a collector of Apple soft-
ware and have over 200 programs for the Apple
1. Send me your programs on disk or cassette and
t will trade them on a one-to-one basis. Dave
Garson, 5163 Willow Wood Rd, Rolling Hills
Estates CA 90274, (213) 378-3823.

FOR SALE: Digital Group Z-80 system. 34 K; four
digital cassette drives (Phidecks); keyboard;
monitor; all software (MaxiBASIC, Business
BASIC, assembler, Star Trek, chess, etc). Total
price as kit over $3300. Up and running for $3100.
John Case, 6703 Timberhill, San Antonio TX
78238, (512) 681-7504.

FOR SALE: SWTPC 6800 Computer System; 16 K
programmable memory, serial 10, AC30 cassette
interface and Smoke Signal Broadcasting BFD-68
disk system. All documentation and software.
$1400 or best offer. Craig Colvin, 817 Cheyenns
Dr, Wainut Creek CA 94598, (415) 937-0778..

FOR SALE: What am | offered? BYTE magazines,
September 1975 to December 1976 in BYTE
binder and full set of 1977 copies, unbound. All
perfect condition. Dick Neish, WOSIR, 904
Marday, Sioux Falls SD 57103.

FOR SALE OR TRADE: BYTE volume 1, #1
through # 10. All ten issues, top condition, $75
or best offer. Don Erickson, 6059 Essex St, River-
side CA 92504, (714) 738-3709 anytime.

WANTED: A Flexowriter with upper and lower
case characters suitable for computer generated
letters. Working or not. Don Erickson, 6059 Essex
St, Riverside CA 92504, (714) 738-3709 anytime.

FOR SALE: MOS technology KIM-1 micro-
computer, manuais and power supply included,
$150. KIM-3 8 K memory board, manual and
power supply included, $100. Martin Goldberger,
15 West 72 St, New York NY 10023, (212) 874-
3176 evenings after 6 PM and weekends.

HELP! | was too ambitious. | have 20 M6800
chips in original factory packages. Will sell for $15
each or trade all 20 for a minifloppy drive in good
condition. Bill Ganoe, 1634 E Drachman, Tucson
AZ 85719.

GTE DIABLO FOR SALE: Commercial Hytype |
printer/keyboard, fully equipped. RS$232 interface.
£ Grossman, 410 Albany Post Rd, Croton NY
10520.

FOR SALE: Complete Poly 88 system with a 41 K
programmable memory, 3 K erasable program-
mable memory, BOB0A processor, 16 by 64 video,
graphics, hardware scroll, 300 and 2400 bps
cassette, real time clock, serial port, four parallel
ports, single step hardware, 2708 erasable program-
mable memory programmer, two DACs, 16
channel ADC, 9 inch monitor, cassette deck, all
hardware, documentation, and extensive software
support. There is one S-100 slot ieft for a card
of your own. | will consider any otfer over $2200.
Michael Dunn, 45 Livingston Rd # 501, Scar-
borough, Ontario CANADA M1E 1K8, (416) 266-
1635.

INFORMATION WANTED: For G E TDM
114A40 data set: | bought one and | need to test
it, repair (if necessary), and use it. | would be
willing to trade printing or programming or pay for
information, etc. Write Robert Heller, Box 51A
Star Route, Wendell MA 01379 (no phone).

FOR SALE OR TRADE: Heathkit Digital Tech-
niques Course and Trainer, Model 15 Teletype
parts including keyboards, type boxes, mainframes,
and smaller parts. Will trade for Heathkit micro-
processor trainer. George Kelm, POB 160, Yap
Caroline Is, GUAM 96943.

FOR SALE: Altair 8800 mainframe with processor
board, 1 K programmable memory, 2 K program-
mable memory board. Ideal for hardware oriented
beginner. Asking $250. Randy Soderstrom, 4601
Goldfinch, Madison Wi 53714, (608) 222-8056.

FOR SALE: Digital Group Z-80 4 board system
including processor, 10, video terminal cassette
and mother board assembled. Also two 8 K
memory boards with ICs and sockets plus Maxi-
BASIC, Editor, Super/Clock software plus ASCII
Keyboard and Encoder. Will take best offer.
Asking $500. Oldrich Laznicka, 24 Payson Rd,
Beimont MA 02178, or call (617) 4844978 after
6 PM weekdays or weekends.

WANTED TO BUY: Texas Instrument mode)
SR-52 programmable calculator in good condition.
Dale Sebok, 127 Timothy Dr, Tallmadge OH
44278, (216) 633-4297.

FOR SALE: Digitsl Group complete Z-80 PhiDeck
system with speech synthesizer. Major components
include dual PhiDecks, monitor, keyboard, 32 K
static memory, finished cabinet, VOTRAX speech
synthesizer, and substantial software. Assembled
and perfect working order. Best offer over $3000
(price new $3750). John Theys, 24 Walnut Av,
E Setauket NY 11733, (516) 4734142,

FOR SWAP: Will swap BYTE issues May, Novem-
ber or December 1977, for September 1976 or
January, February or April 1977. Bert Honroe,
Schuermanslaan 65, 3070 Kortenberg BELGIUM.

IBM 3705 BSM: Did anyone ever try to connect
a 3705-1 Bridge storage module (core). They are
available now as most installed model 1s get
converted to model 3s having FET storage. If
anyone did, please get in touch. I'm having pro-
blem in the sense latch. Bert Honroe, Schuermans-
laan 65, 3070 Kortenberg BELGIUM.

FOR SALE: Heathkit H9 video terminal, and
Heathkit H10 paper reader/punch with paralle!
board and connector cable. Fully assembled and
running, checked out by factory. Best offer for
both or either. R Nicosia, 234 41st St, Lindenhurst
NY 11757.

FOR SALE: Two Innovex 200 double density 8
inch disk drives, $200 each. Three Innovex 420
double density 8 inch disk drives, $300 each. 4
board Z2-80 System (Z-80 4BD) largely factory
assembiled with 10 A power supply, $900. CAS &
CB2 Phi Deck Drive System (kit) with PHI-F,
$300. Two blank 8 K memory boards. One 104
kit. Robert Frieden, 359 Wilson Av, Kent OH
44240, {216) 673-7181.

FOR SALE: Complete set of BYTE from volume
1, #1 1o December 1977. Perfect condition. Jim
Larus, 27 Varick Hill Rd, Waban MA 02168.

FOR SALE: Digital Group TVC-64 board; operates
fine, with OP-System and documentation. Also
Radio Shack keyboard video terminal added. $175
for both. Bob Howarth Jr, RFD # 1, Box 36,
Lisbon NH 03585.

SHERLOCK HOLMES FANS: You are invited
to correspond with Ben Fairbank, 307 Kent Av,
El Paso Texas 79922 to consider together the
possibility of undertaking various computer
analyses of the “Sherlockian Canon’ with the
eventual goal of producing a concordance to the 60
stories.

FOR SALE: Heathkit Computer System includes
HB8 computer, H9 video terminal, 16 K memory,
tO board, cassette player, all manuals, schematics.
Also includes many programs, Completely as-
sembled and tested. Will pay shipping. $1500. T E
Allen, MAG-11, HEMS-11, W/C 620, MCAS Eltoro
CA 92709.

FOR SALE: Altair 88008 System: full front panel,
12 K static programmable memory, audio cassette,
serial 10, Microterm act-1 keyboard with Sanyo
monitor, cassette recorder, package Il assembler
and 8 K BASIC plus many programs. System
fully operational. Total price: $1850. Additional
equipment: Altair parallel 10 88-4P10, $75;
Cromemco dazzler, $200; Cromemco bytesaver
with 1 K erasabie read only memory, $100. Com-
plete documentation. Call Tom, (614) 369-3866
nights.

FOR SALE: 20 back issues of BYTE (from Febru-
ary 1976). Best offer takes all. Norman G Church,
18310 Franklin Way, Gladstone OR 97027, {503)
659-6763.

MUST SELL: SOL 20 with 24 K programmable
memory; Panasonic monitor, cassette; North Star
controller with Shugart SA400 disk drive; music
interface board; 15 K extended cassette BASIC;
12 K disk BASIC; game pack 1. Everything works—
less than six months old. $3400 vatue for $2995.
J Andrews, 6303 Kury, Houston TX 77008, (713)
869-3985 evenings.

FOR SALE: 8 K byte, 250 nsec, S-100, static
memories, $175. IBM Selectric type balls, $10.
IBM Selectric tool kit, $25. 1BM Selectric 10
pitch to 12 pitch conversion kit, $35. AC/DC
power supply, 5 to 9V, 20 A, overvoitage protect,
overcurrent protect, $80. Sunny power supply,
9V25A, 18V —4A; -9V -4A,$85. Stan
Levine, 1802 Melville St, Ocean NJ 07712, {201}
531-8305.

FRIEDEN EQUIPMENT: 36 pieces, one alloter,
eight regens, {two brand new—still in crates), two
card punches, 13 2305 stave printers, one SPD,
SPD stand, one Computyper with program blocks
and desk, one Selectadata transmitter, three trans-
mitters, six power supplies, miscellaneous assort-
ment of cables, spare parts, schematics, paper tape
and edge punch cards. Aiso three McGraw Edison
Voicewriters. No reasonable offer refused, plus
shipping. Ron Komara, POB 267, Davidsville PA
15928, (814} 479-4674.

FOR SALE: SOL 20, two SOL 10s, Altair 8800A
with mother board, 24 K bytes of static program-
mable memory, |0 board, MITS vector interrupt
board, real time clock board, ICOM dual floppy
disks, ASR 33 Teletype, TDL Z-processor. Send
offers and receive detailed list. Herbie Marsden,
608 Kelly, Silver City NM 88061, (505) 538-
5229.

FOR SALE: ASR 33 like new, with recent Inte-
grated Circuit Touch Tone Modem. Includes
all manuals, $750. You ship. Also SwTPC CT-1024
with scroll, 16 lines, 64 characters, upper/lower
case, custom osk/formica cabinet, and lots of
spare parts. $225. Julian E Jetzer, 6400 Hawthorn
Rd, Sheboygan WI 53081, (414) 457-3366.

FOR SALE: Poly 88 chassis with two Altair 4 K
static memory boards, WAMECO 8080 processor
board, Vector Graphic Reset-n-go programmable
and read only memory board and National Multi-
plex 10 board with 4800 bps digital cassette
deck. All are in excellent working condition.
Will include nonworking S D Sales Z-80 procsssor
board. Sell system for $500 or will sell separately.
W R Giffen, POB 781, Richardson TX 75080.

FOR SALE: PDP 8L minicomputer with 4 K core
and teletype interfaces. | Ehrlich, 284 Hendrix St,
Philadelphia PA 19116.

FOR SALE: Wintek M6800 processor with ASCII
keyboard, ACIA, monitor, two PtAs, 5 K memory/
power supplies, and cassette tape {O. $250 or best
offer. Bob Watson, 2853 Pebble Beech Dr,
Flagstaft AZ 86001, {602) 526-2312.

FOR SALE: AK! keyboard, matrix encoded,
power supply and 5 level paper tape punch, $50. §
level paper tape reader, $50. Ron Rogers, POB
17147, Baton Rouge LA 70893.

FOR SALE: MMD-t 8080-based system for inter-
facing experimentation and software development.
Assembled and tested, $275. Norm Levin, 4408
Sherwood Rd, Philadelphia PA 19131.

WANTED: Cylindrical slide rule {such as Thatcher
or Fuller) and pocket circular slide rule (such as
Carpenter or Sperry} or any other unusual old
slide rule. Also need pocket mechanical calculator
{Curta). Describe and price. Dr George Wentz,
POB 626, San Marcos TX 78666, (512) 392-2872
after 7 PM.

FOR SALE: Centronics Printer % 100; used, $750.
Aaron Epstein, 5437 Laurel Canyon Bivd, Suite
208, N Hollywood CA 91607, (213} 762-0020.

FOR SALE: lithaca Audio Z-80 board, $35;
Percom Data CI1-812 cassette interface, $30; D C
Hayes board, $50. All bare boards with sockets
installed. TDL Macroassembler, text output
program, Z-Tel, Zapple, text editor, $120 for
all software. Kim, Calgary CANADA, 283-6863.
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Fesder Service

To get further information on the products advertised in BYTE, fill out the reader service card with your name and address. Then circle the
appropriate numbers for the advertisers you select from the list. Add a 15 cent stamp to the card, then drop it in the mail. Not only do you
gain information, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger BYTE.

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.
1 AAA Chicago Computer Center 207 134 EMM/Semi 182 297 Page Digital 235
6 Addmaster Corporation 236 138 Escon 187 298 PAIA Electronics 172
2 Administrative Systems 161 140 Forethought Products 190 288 PCE Electronics 206
3 AJA Software 201 148 Gamma Technotogy 238 301 PerCom Data 75
4 Alpha Micro Systems 82, 83 150 Godbout 105 289 PerSci Inc 15
12 Altos42 153 Graham Dorian Enterprises Clil 302 Personal Software 91
8 Ambico 171 166 GRT Corporation 33 303 Personal Systems Consuiting 106
9 Apparat Inc 236 217 H & € Computronics 183 306 Priority | 231, 232, 233
14 Apple Computer 8 157 Hamilton Logic Systems 242 305 Processor Technology 6, 7
15 Apple Computer 9 160 Heath Company 17 * Program Design Inc 159
* Art-by-Computer 173 161 Heath Company 236 309 PRS Corporstion 71
10 Artec Electronics 113 170 Hobby World 211 311 Quest Electronics 239
11 Artec House 125 173 Houston Instruments 35 304 Radio Shack Authorized Sales Center 244
22 ATV Research 242 172 HUH Electronics 197 322 RCA 44
23 AVR Electronics 238 174 Idea Assemblers 244 * Real Worid Simulations 201
24 Axiom 21 171 Infinite 244 307 The Recresational Programmer 142
26 Base 2 Inc 63 177 Integral Data Systems 92; 93 310 Rochester Data Inc 244
28 Basic Computer Shop 242 179 Integrand 192 313 Rockweil 160
30 Beckian Enterprises 245 180 Integrated Circuits Unlimited 225 314 Rondure Co 243
31 Benchmark Computing Services 236 181 Intelligent Design 236 328 Rothenberg Information System 167
34 Beta Business Systems 242 184 International Data Sciences 126 316 S-100 196
35 BITS 133, 136, 138, 139, 155 190 Ithaca Audio 81 337 Saddle Brook Stereo Inc 244
33 B8yte Industries 162 * Ithaca Audio 215 * Scientific Research 67, 73, 78
* BYTE Back Issues 203 195 Jade 213 * Scelbi 49, 52, 53, 61
* BYTE Subscribers 203 200 Jameco Electronics 226, 227 * Scelbi/BYTE Primer 137
* BYTE WATS Line 203 °* Leland Sheppard 173 318 Seattle Computer Products 115
32 Buss/Charles Floto 208 * Lifeboat Associates 201 323 Semionics 164
39 Catifornia Digital 217 212 M, M, & S Software 236 319 Michael Shrayer Software 143
43 Cambridge University Press 208 211 Manchsster Equipment 244 312 Shugart CIV
83 Career Advertiser 244 213 The Math Box 242 327 Silver Spur 236
45 Central Data 107 220 Meca 180 328 Small Business Computer Magazine 158
46 Chrislin Industries 188 218 Micro-Ap 165 320 Smoke Signa! Broadcasting 27, 189, 191
48 Circle Enterprises 236 225 Micro Diversions 57 326 Softside 141
47 Compugard Corp 244 219 MicroDaSys 19 321 Software BO 198
53 Computatker 150 216 Micro Focus LTD 147 340 Solid State Sales 237
65 Computer Corner 157 222 Micro Mail 167 350 Southwest Technicat Products Corp CII
70 Computer Enterprises 157, 204 223 Micromation 31 355 SSM 80
* Computer Factory 127 201 Micro Mike's 190 352 Stirling Bekdorf 122
71 Computer Hardware Store 236 227 Microproducts 200 351 Structured Systems Group 121
74 Computer Interface Technology 238 221 Microprogramming 245 353 Structured Systems Group 142
72 Computer Lab of NJ 183 224 Micro Pro International 77 356 Summagraphics 79
75 Computerland 10, 11, 87, 191 202 Microtronics 176 357 Sybex Inc 181
76 Computer Mart of NH 238 203 The Micro Works 129 355 Synchro Sound 103
73 Computer Mart of NJ & PA 171 226 Micro World 51 359 Talos 174
78 Computer Plus 196 229 Mikos 230 358 Tano 145
79 CP Aids 187 255 Morrow/Thinker Toys 23, 97 360 Tarbell Electronics 117
77 CT Micro Computer 183, 206 257 Motorola Semiconductor Products inc 175 370 Technical Systems Consultants 123
82 Control Data Corp 177 265 mpi 200 373 Telecommunications Services 238
80 Cromemco 1, 2 267 Muilen Computer Boards 207 343 Terrapin 99
B4 Cyber-Score 178 279 National Multiptex Corp 149 377 Terminal Systems 238
91 Data Discount Center 182 280 Netronics Resesrch 163 356 3 S Sales 243
81 Datafacs 173 281 New England Electronics 109 346 Tora Systems Limited 238
93 Datasearch 173 293 New England Persons! & Business Computer Show 95 382 Total Information Services 195
85 Datec Inc 244 282 New England Recruiters 242 378 Trans Data Corp 183
89 Digital Pathways 144 283 Newman Computer Exchenge 229 348 Transition Enterprises 189
9% Digital Research (CA)} 119 285 North Star Computer 5, 29 374 TransNet Corp 172
100 Digital Research (TX) 219 286 Northwest Microcomputing Systems 59 376 Tri Tek 234
102 Digital Research & Eng 199 287 Necleonic Products 111 * University Microfilms International 203
110 Dynsbyte 12, 13 290 Ohio Scientific Instruments 37, 40, 41 383 US Robotics 198
113 Ed-Pro 165 291 OK Machine & Tool 99 384 Vamp 242
115 Electrolabs 230 293 Oliver Advanced Engineering 199 386 Vector Electronics 179
117 Electro Analytic Systems 192 284 Optimesl Technology 238 387 VR Data Corp 242
120 Electronic Control Technology 205 292 Osborne & Associates 131 388 Wameco 241
125 Electronic Systems 221 * Owens Associates 242 395 Worldwide Electronics 238
130 Electronics Warehouse 223 294 Pacific Digitsl 197 400 Xitex 184
132 EMM/CMP 166 296 Pacific Office Systems 234 401 Xitex 185 *Correspond directly with company.
BOME- .
BYTE’: Ongoing Monitor Box Pascal Blazes Into First Place
“A ‘Tiny’ Pascal Compiler, Part 1,” page
Article No. ARTICLE PAGE 58, by Chung and Yuen placed first in the
September BOMB. Second place went to
1 Stanley-PetersoP: .Fast Fot.mer Transforms on Your Home Computer 14 “WADUZITDO,” page 166, by Larry
2 Munnecke: Designing a Universal Turing Machine 26 Kheriaty. These articles placed 2.0 and 1.5
3 Ciarcia: Build an Octal/Hexadscimal Output Display 32 . b h
4 Milliun-Reardon-Smart: Life With Your Computer 45 S_tandard' deviations above t € mean, respec-
5 Buckingham: Some Facts of Life 54 tively; first and second prizes of $100 and
6 Millen: One-Dimensional Life 68 $50 will be sent to the authors. In third
7 Douglas: Chess 4.7 versus David Levy o 84 place was ‘“The Mathematics of Computer
8 Astmann: Interface Your Computaer to a Printing Calculator 94 G hics.” 22 foll d by “G hi
9 Gable: Zapper: A Computer Drivan EROM Programmer 100 rap Ics, . page T 0 OYve " Y raphic
10 Waeisbecker: An Easy Programming System 108 Manipulations Using Matrices,” page 156,
] Gerhold: Teaching With a Microcomputer 124 in fourth.
12 Weed: CI9ckles I\I!ultiplication and Division Circuits 128 The BOMB (BYTE’s Ongoing Monitor
13 Frey-Atkin: Creating a Chess Player, Part 3 140 Box) is our monthly forum in which readers
14 Halsema: Partitioned Data Sets 168 . . . .
15 Willard: The Mother Chip 186 rate the articles in BYTE. To participate,
16 Maurer: FORTRAN and its Generalizations 194 see the card at right.m
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"'l own a fast-growing business and before |
bought my computer system | put in a lot of late
hours keeping up with my accounting and
inventory control. Now the computer does my
number crunching quickly, so | have time after
hours to have some fun with the system. My son
and | started out playing Star Trek on the system,
and now we're learning to play chess.

“When | was shopping around for my system,

the guys in the computer stores demonstrated all
the unique features of the minifloppy. I've got to
admit that aft first | didn’t really understand all the
technical details. But now that | use the system
every day, | really appreciate the minifloppy’s fast
random access and data transfer. | like the
reliability, too.

“I'm glad | went with Shugart drives. Look,
when you lay out your own money for a system,
you want dependable performance and good
value. Do what | did. Ask for the system with the
minifloppy.”

If it isn’t Shugart,
it isn’t minifloppy.

\ﬁj. Shugart Associates

435 Oakmead Parkway, Sunnyvale, California 94086

For a list of manufacturers featuring Shugart’s minifloppy in their systems, circle reader response number.
TM minifloppy is c registered frademark of Shugart Associates

Circle 312 on inquiry card.
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