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Someday all terminals will be smart.......

< 128 Functions—software controlled @ 82 x 16 or 92 x 22 format—plus graphics
€ 7 x 12 matrix, upper/lower case letters @ Printer output port
@ 50 to 38,400 baud—selectable ¢ "CHERRY' keyboard

CT-82 Intelligent Terminal, assembled and tested. . . . . . . $795.00 ppd in Cont. U.S.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
m SAN ANTONIO, TEXAS 78216
= Circle 350 on inquiry card.



Here?s how you can be fully computerized
for so much less than you thought

BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING

We are pleased to announce the first
professional time-sharing system in the
microcomputer field.

Naturally, it's from Cromemco.

This new multi-user system will do
all of the tasks you usually associate with
much more expensive time-sharing com-
puters. Yet it's priced at an almost un-
believably low figure.

Look at these features:

¢ You can have up to 7 terminals plus
a fast, 132-column line printer

®* You can have a large system RAM
memory that’s expandable to 2
megabyte using the Bank Select
feature

¢ Each user has an independent bank
of RAM

¢ You can have floppy disk storage of
up to 1 megabyte

® You have confidentiality between
most stations

e And, make no mistake, the system
is fast and powerful. You'll want to
try its fast execution time yourself.

Circle 80 on inquiry card.

PROGRAMMERS LOVE OUR BASIC

This new system is based on Cro-
memco’s well-known System Three
Computer and our new Multi-User
BASIC software package.

Programmers tell us that Cromemco
Multi-User BASIC is the best in the field.
Here are some of its attractions:

* You can use long variable names
and labels up to 31 characters long

— names like “material on order”

or “calculate speed reduction.”

e You get many unusual and helpful

commands that simplify programs
and execution — commands such as
PROTECT, LIST VARIABLES, NOLIST,
and many more,

Cromemco

Microcomputer Systems

e No round-off error in financial work
(because our BASIC uses binary-
coded decimal rather than binary
operation). And we’ve still been able
to make it FAST.

¢ Terminals and printer are interrupt-
driven — no additional overhead
until key is pressed.

e The conveniences in this Multi-User
BASIC make it much easier tfo write
your own application software.

e A line editor simplifies changes.

BENCHMARK IT — NOW

In the final analysis, the thing to do
is see this beautiful new system at your
dealer. See its rugged professional qual-
ity. Evaluate it. Benchmark it for speed
with your own routine (you’ll be agree-
ably surprised, we guarantee you).

Find out, too, about Cromemco’s rep-
utation for quality and engineering.

Look into it now because you can
have the capabilities of a fully compu-
terized operation much quicker and for
much less than you ever thought.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400
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The single card computer

with the features
that help you in real life

COMPLETE COMPUTER

In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.

The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-
SAVER® PROM card). There’s also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.

Other features include 24 bits of bi-
directional parallel 1/O and five on-
board programmable timers.

Add to that vectored interrupts.
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ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of S100-bus-compatible memory
and 1/0 interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-

version. RAM and ROM cards, too.

I 5 oy e

Card Cage

Cromemco

Speclalists in computers and peripherals

EASY TO USE

Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly ac-
cess 1/O ports and memory locations —
and call machine language subroutines.

Finally, to simplify things to the ulti-
mate, we even have convenient card
cages. Rugged card cages. They hold
cards firmly. No jiggling out of sockets.

AVAILABLE NOW/LOW PRICE
The Cromemco Model SCC is avail-
able now at a low price of only $450
factory assembled ($395 kit).
So act today. Get this high-capability
computer working for you right away.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 o (415) 964-7400
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This month’s cover painting by Robert
Tinney is called “Infinite Regression”— an
appropriate way to introduce you to several
articles in this issue dealing with computer
simulation.

The term ‘simulation’” can have a
bewildering variety of meanings; we have
restricted ourselves herein to simulations of
galaxy projections, digiial circuits, celestial
mechanics, and an ideal two-dimensional gas
— all using your personal computer or pro-
grammable calculator.

By adding special controls to a micro-
computer, a user can input special informa-
tion or information in particular forms. The
addition of four switches and four colored
lights allows your computer to play a
memory game such as the ones found in
department stores. Steve Ciarcia tells how
The Toy Store Begins at Home. page 10

There is more than one way to peel
an Apple, or in this case to interface an
Apple Il. Richard Campbell gets to the core
of the problem in Cross-Pollinating the
Apple II. page 20

One fascinating use of a computer
is performing experiments quickly and
easily. The experimenter can define proper-
ties and change parameters in a program
rather than having to rebuild equipment.
Mark Zimmermann discusses Simulation of
Physical Systems, specifically The Two-
Dimensional Ideal Gas. page 26

An important area of numerical calcu-
lations is the control of errors: rounding
errors, truncation errors, and so on. Daniel
R Buskirk has some comments on this very
necessary study in Sources of Numerical

Wouldn't it be nice to have a type
of memory in your computer that would
answer questions such as, “Which of my
employees are over 35 and make more than
$20,000?" Such a memory is known as an
associative memory. Randy Smith introduces
us to the world of Smart Memory in part 1
of this 2 part series. page 54

Have you ever wondered what our
galaxy looks like from one million light
years away? Perhaps you want to study the
formation of the Andromeda galaxy or
incorporate a known star cluster into a
space war game. In cither case you'll want
to have A Simulated View of the Galaxy as
discussed by Mark Dahmke. page 66

Delmer D Hinrichs presents a4 com-
bination three-dimensional Mars lander
and introduction to cclestial mechanics
in Marsport Here | Come: The Three-
Dimensional Celestial Mechanics Simu-
lation for the HP 67/97. page 84

The Standard Data Encryption Algo-
rithm by Robert V Meushaw discusses its
implementation on the basic KIM-1 system.
A detailed description of the algorithm and

generalized flowcharts are also given.
page 110

In everyday life we wait in lines before
we can do particular things. The same
happens with computers. The study of
waiting, called Queuing Theory, and how
computers handle the situation is discussed
by Len Gorney. page 132

The pocket calculator can be used
to encipher and decipher messages. John
Costas provides us with working examples of
Cryptography in the Field, Part 2: Using the

Randy Soderstrom provides a quick and
simple Life program for the 8080 in his
article Life Can Be Easy. page 166

When working with trigonometric quan-
tities, it is not always necessary to arrive at
the precise value. Often a relationship
between the desired value and the entire
range of allowable values is sufficient.
Robert Grappel discusses such an implemen-
tation in An Easy Way to Calculate Sines
and Cosines. page 170

In The Power of the HP-67 Programmable
Calculator, Part 2, Robert C Arp Jr con-
cludes his discussion of the HP-67 with a
practical applications program for solving
simultaneous equations. page 176

The ability to microprogram a pro-
cessor increases the power and usefulness
of that processor to a particular user.
Microprogramming allows one machine to
appear as several different processors while
using the same hardware. Ben E Cline gives
us An Introduction to Microprogramming
and shows how it can be used. page 210

Could you use a pocket-size alpha-
numeric terminal? One of the main pro-
blems with this type of device is the size of
the video screen used for output. By using 7
segment displays, Daniel Chester has thought
of a way to make A Digital Alphanumeric
Display. page 218

Is it practical to use microcomputers
for timesharing? In Microcomputer Time-
sharing, Kenneth | Johnson reviews some of
the techniques developed for large computers
with an eye toward utilizing them on a
microcomputer. page 224

Artificial intelligence (Al) on a pro-
grammable calculator? Why not? A Binary
Guessing Game shows you how. Authors
Mark Zimmermann and James Blodgett
describe a pattern recognition algorithm
that tries to outguess the operator, often

Error. page 46 Pocket Calculator. page 144 with remarkable success. page 236
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How to buy
a personal computer.

Suddenly everyone is talking about personal computers.

Are you ready for one? The best way to find out is to
read Apple Computer’s “Consumer Guide to Personal
Computing.” It will answer your unanswered questions
and show you how useful and how much fun personal
computers can be. And it will help you choose a
computer that meets your personal needs.

Who uses personal computers.

Thousands of people have already discovered the Apple
computer — businessmen, students, hobbyists. They're
using their Apples for financial management, complex
problem solving — and just plain fun.

You can use your Apple to
analyze the stock market,
manage your personal
finances, control your
home environment, and
to invent an unlimited
number of sound and
action video games.
That’s just the beginning.

What to look for.

Once you've unlocked the
power of the personal
computer, you'll be

!

using your Apple in ways you never dreamed of.
That’s when the capabilities of the computer you buy
will really count. You don’t want to be limited by

the availability of pre-programmed cartridges. You'll
want a computer, like Apple, that you can also program
yourself. You don’t want to settle for a black and white
display. You'll want a computer, like Apple, that can
turn any color tv into a dazzling array of color graphics*
The more you learn about computers, the more your
imagination will demand. So you'll want a computer
that can grow with you as your skill and experience
with computers grows. Apple’s the one.

How to get one.

The quickest way is

to get a free copy of
the Consumer Guide

to Personal Computing.
Get yours by calling
800/538-9696. Or by
writing us. Then visit
your local Apple dealer.
We'll give you his name
and address when

you call.

* Apple Il plugs into any standard TV using
an incxpensive modulator (not included).
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In California call (408) 996-1010.
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Altos Computer Systems
2378-B Walsh Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandley Dr.
Cupertino, CA 95014

Digital Microsystems Inc.
{Formerly Digital Systems)
4448 Piedmont Ave.
Oakland, CA 94611

Imsai Mfg. Corporation
14860 Wicks Blvd.
San Leandro, CA 94577

Industrial Micro Systems
633 West Katella, Suite L
Orange, CA 92667

North Star Computer
2547 9th Street
Berkeley, CA 94710

Percom Data
318 Barnes
Garland, TX 75042

Polymorphic Systems
460 Ward Dr.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

SD Sales
3401 W. Kingsley
Garland, TX 75040

Smoke Signal Broadcasting
6304 Yucca
Hollywood, CA 90028

Technico Inc.
9130 Red Branch Road
Coiumbia, MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston, TX 77087

Thinker Toys

1201 10th Street

Berkeley, CA 94710

Vista Computer Company

2807 Oregon Court
Torrance. CA 90503

2. .Shugart
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On the Importance of Backups

by Carl Helmers

The other day | had a problem using my computer system which many
readers may have had. The lesson to be learned from my experience forms the
subject of this cssay.

This problem is one of zapping the file structure of a disk. Sooner or later
everyone who uses a small computer system will encounter a similar situation.
One could be tempted to think, naively, that such problems are limited to
large computer systems with large sensitive flying head disk media, but this is
by no means the case. Floppy disks can be logically zapped just as easily.

I, like many of our readers with systems, have not been letting my system
lie idle in the house. In the years since starting this publication with my
associates in 1975, | have been suffering withdrawal symptoms from big
computers and associated time sharing software. In my case it was everyone’s
favorite target of criticism, TSO running on a large IBM 360 system. Well,
finally small computers got to the point where they could support my style
of language, Pascal. Last summer, | bought the Northwest Microcomputer
Systems model 85/P with UCSD Pascal as its operating system, filing system,
editor and high level language package.

{(An aside: at present, the options are hardly limited to the 85/P as many
other small computer manufacturers have begun offering versions of this
excellent software; at present one can get it on machines ranging from a dual
mini-floppy Apple |l or North Star Horizon, to machines with full size
floppies like my 85/P, or the Cromemco system we are using at BYTE as an
editorial computer, to the most exotic of all Pascal machines, the Western
Digital ‘“Pascal Micro Engine” which directly executes the p-code inter-
mediate output of the UCSD compiler. Recent word from Apple has it that
the UCSD Pascal system with full Turtle graphics will be available in June of
this year for approximately $400 hardware and software cost. The hardware
consists of a special 16 K programmable memory card added to a 48 K Apple
Il with single or dual disks. The software is the complete UCSD system of
editor, file system, Pascal compiler and utilities.)

Recently | have been writing my editorials for BYTE using the excellent
screen oriented editor program of the UCSD system. | have been learning
Pascal so that | can make it my principal software development tool. | have
been learning the details of using Pascal as a significant hardware oriented
programming aid, a limited function with the 85/P but one which will blos-
som to full fruition when | get the Pascal microengine sometime in the
coming months.

All this is but a prelude. | have also learned anew the opportunities for
making foolish mistakes. One of the most foolish is that of not periodically
backing up files against possible losses. The losses | refer to can stem from
numerous causes.

We all, quite naturally, assume that the systems software is perfect, but
there is that nagging 1 percent of doubt that everyone has. So even if we had
perfect media, it would be necessary to back up files by copying from one
disk to another as insurance against software failure. But that is hardly the
major problem.

Continued on page 196.



1 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 at 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.
\/:\CLaShugor'r Associates

435 Oakmead Parkway, Sunnyvale. California 94086

For a list of manutacturers featuring Shugart's minifloppy in their systems, circle reader response number.
T™ minitioppy is o registered trademark ot Shugart Associates
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SUCCESSFUL TRANSFORMATION

| thoroughly enjoyed the article
“Fast Fourier Transforms on Your
Home Computer,” by William D Stanley
and Steven ) Peterson {December 1978
BYTE, page 14). | have the program
running on Radio Shack TRS-80 disk
BASIC. | also tried the BASIC code in
“Tic-Tac-Toe in BASIC' (December
1978 BYTE, page 174). It would be
helpful if Mike Stoddard, the author,
had explained the characteristics of his
source machine. | spent some time
converting the ‘215" enclosed in back-
slashes to CHR$ (215) for formatting
purposes.

| enjoy your magazine and use it
regularly. Keep it up.

Joseph X Brennan
POB 302
Upland CA 91786

Another problem with "Tic-Tac-Toe in
BASIC" was the accidental omission of
program lines 2590 through 3080. The
missing lines were printed in the “BYTE's
Bugs” section of the February 1979
BYTE, page 43. .. .CH.

MAKING CENTS

Being an avid reader of BYTE | have
received many helpful hints about how
to use my computer more efficiently. |
have enclosed a simple program that puts
dollars and cents into business programs.

A lot of small businesses need cal-
culated results in a print out in the form
of at least two digits, complete with Os
after the decimal point (eg: “$2.00").
Most systems automatically eliminate
trailing Os. The enclosed program can be
used as a subroutine to perform this
task. The variable must be made equal to
X previous to using the subroutine.

As you can see, the program returns
even if there is no need to add Os. Sev-
eral small businesses are using this simple
answer to the zero problem.

1000 C=0

1010 LET A$=STR$(X)

1020 LET I=LEN(AS)

1030 LET H=I-1

1040 IF X=INT{X) THEN PRINT
MID${AS,1,H); *.00": RETURN

1050 FORA=1TO9

1060 LET B=C+.1

1070 IF X=INT{X)+B THEN PRINT
MID$(A$,1, H); 0”": RETURN

1080 LETC=B

1090 NEXT A

1100 PRINT A$

1110 RETURN

James Thebeault, Sr
Rte 12 POB 94
Mansfield OH 44903
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DIGICAST DATA

| just read Mr Halsema's article,
“The Digicast System: Receiving Data
and Information over your FM Radio”
{January 1979 BYTE, page 100) and |
noted a few technical deficiencies in
his description of an FM station's
signal spectrum.

Mr Halsema describes the L-R dif-
ference signal centered around 38 Khz
as the pilot carrier. In actual practice,
the station transmits a 19 Khz (¥2 Hz)
stereo pilot tone at 8 to 10 percent
modulation. This is the synchronizing
signal used by the receiver in demodu-
lating the L+R and L—R signals into dis-
crete L and R channels.

In FM broadcasting, the 75 Khz
deviation Mr Halsema refers to is the
100 percent modulation point. We
could get into modulation index and
other parameters, but the BYTE letters
column is not the place for this. Suffice
it to say that ‘‘high fidelity music’’
transmission is not restricted by the
current modulation limits.

Two factors that may limit the
growth of digicasting in metropolitan
areas are present. Assuming that the 67
Khz SCA (Subsidiary Communications
Authorization) signal is used for digi-
casting, the first factor is the ‘loudness’’
game that many stations get caught up in
in the quest for larger market shares. The
19 Khz pilot eats up 10 percent of the
modulation capability. The 67 Khz SCA
signal eats up another 10 percent of the
modulation capability. This leaves a
maximum of 80 percent modulation
capability for your main carrier program
material. While this is only a 1 db to
2 db decrease in ‘loudness’ compared
to a nonSCA or a mono station, there
are many programming and time sales
people who believe that they need to be
the loudest station on the dial. The
second factor is that some major market
broadcasters subscribe to music syndica-
tion services. Some of these services
{notably Jim Schulke's SRP service) have
been known to write clauses into their
contracts that forbid the subscribing
station from using an SCA signal.

As a sidenote, two years ago while |
was still in broadcast engineering, | was
contacted by an outfit called Cables &
Wireless Ltd. They were looking for an
SCA signal to use for electronic message
{or mail) service. My station was under a
“no SCA signal"” clause with a music
syndicator and | had to turn them down,
but recently Computer Decisions maga-
zine published an article on electronic
mail that briefly discussed the Cables &
Wireless Ltd system.

| look forward to digicasting with
great anticipation but | fear that it will
become mired in the infinite jungle of
federal regulations.

Noel M Moss

UniCard

1034 S Brentwood Blvd
St Louis MO 63117

Continued on page 206.
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BEFORE YOU BUY COMPUTER™ 1, iSIT” 1
I:IIHEllT_EIilAIIII

If the truth is that you want a
computer . . . then we want to be your
computer store.

We're Computerland, the #1
computer store chain in the U.S, What's
meaningful about that fact is, that
ComputerLand has been chosen by more
people as having what they've been
looking for. And, since you're looking, let
us tell you what you'll find, when you visit
a ComputerLand store.

You'll find a product line that's
continually evaluated to provide you with
the widest and best selection in quality,
brand name microcomputers anywhere.
You'll find an enthusiastic and
knowledgeable staff able to interpret all
the equipment specifications, in terms of
how they apply to you, and in a way
you'll understand. You'll find demonstration
areas where you can get a firsthand
experience of running a computer yourself.

FOR BUSINESS

You'll find educational materials to give
you a total insight into the world of
microcomputers.

You'll find a fully equipped service
department to provide whatever assistance
is required to keep your computer running
in fop-notch condition. You'll find computer
user’'s clubs to join, where you can share
ideas with people as enthusiastic as
yourself. And, with each new visit, you'll
find excitement—from the people you deal
with, the equipment they offer, and from
your own ever-growing personol
involvement.

ComputerLand Corp.

14400 Catalina St.

San Leandro, CA 94577

(415) 895-9363

Franchise Opportunities Worldwide.

© ComputerLand Corp., 1978

e

Enough about us, How about what
computers do. To attempt to describe all
the things your computer might do, would
be to describe your imagination. So
instead, we'll briefly list some of the many
things for which small computers are
already being used.

In business, the advent of the
versatile and compact microcomputer has

put the benefits of computing within reach

of small companies. With systems starting
at less than $6000, the businessman can

Gomputelnncl@

WE KNOW SMALL COMPUTERS

computerize things like accounting,
inventory control, record keeping, word
processing and more. The net result is the
reduction of administrative overhead and
the improvement of efficiency which allows
the business to be managed more
effectively.

In the home, a computer can be used
for personal budgeting, tracking the stock
market, evaluating investment opportunities,
controlling heating to conserve energy,
running security alarm systems, automating
the garden's watering, storing recipes,
designing challenging games, tutoring the
children . . . and the list goes on.

In industry, the basic applications are
in engineering development, process
control, and scientific and analytical work.
Users of microcomputers in industry
have found them to be reliable, cost-
effective tools which provide computing
capability to many who would otherwise
have to wait for time on a big computer,
or work with no computer at all.

And now we come to you, which leads
us right back to where we started: If you
want a computer, then we want to be
your computer store.

Whether you want a computer for the
home, business or industry, come to
ComputerLand first. We'll make it easy for
you to own your first computer, Because,
simply put, we really want your business.
When you come right down to it, that's
what makes us #1.

ComputerLand Europe
Europa Terrassen

8 Rue Jean Engling
Dommeldange, Luxembourg
Phone 43 28 05 Telex 2423
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The Toy Store Begins at Home

Bisrciss

Circuit
Cellar

Simon is a trademark
of the Milton Bradley
Corporation.

Figure 1a: Hardware tone
generator for the musical

tone sequencer. The com-

puter plays a sequence of Number Type i Gnd
lights and associated tones IC1 74C00 14 7
and detects the player’s Ic2 74C00 14 7
response. (All transistors Ic3 74C00 14 7
are 2N2222.)

10  April 1979 © BYTE Publications Inc
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Steve Ciarcia
POB 582
Glastonbury CT 06033

“Mister? Mister?”

A little boy was tugging on my sleeve.
It startled me that in today’s sophisticated
society anyone would attempt to attract
my attention by such an obvious, though
effective, means. Impatient and undaunted
by the scowl | flashed in his direction, he
said, ‘““Mister? Do you know where the toy
department is?”’

| have never acquired what some people
call the ability to commune with children.
Perplexed therefore as to the presentation of
a proper reply, | considered an indignant,
wave-of-the-hand dismissal of ‘‘Over there,
kid.” On the other hand, should | consider a
character reversal with a Santa Claus imita-
tion and invite the young man to hop up on
my shoulder while we looked over the store
directory together? The latter seemed hardly
my style and the former was much too harsh
even considering his still firm attachment to
my sleeve.

“Mister? Mister?”’

The delay only heightened his fervor.

| looked up and found myself staring
straight at the shirt pocket button of a very
large man. Instantly | calculated that this
male figure dressed in jeans, heavy boots
and a woolen shirt was a foot taller than .

5
R
Ay

SPEAKER
DRIVER

TONE
)SCILLATOR

b w5y

;,.-*ln_cuc\p-q.-'wv 2

SPEAKER m
777

His relationship with the boy was quickly
clarified as he said in a deep paternal voice,
“Come on Brucie, | think it’s over there
where that crowd is.” | waited for Paul
Bunyan and son to be safely on their way
before | made my next move.

Stark reality returned, however, when
| remembered that |, too, was looking for
the toy department. It verges on humilia-
tion actually. Why do they have to cate-
gorize everything? Just because an item is
manufactured by a toy company doesn’t
immediately classify it as a toy. | mean, big
people have constructive leisure time manip-
ulatives and little people have toys. Depart-
ment stores should realize the embarrassment
of crossing this line and have an “‘amuse-
ments for the sophisticated” department and
a “‘toys for tots’’ department.

Finding the toy department was no prob-
lem. | simply stood where | was and slowly
rotated 360°. The noise peaked at about
160" SSE and | cautiously proceeded in that
direction. The noise in my immediate vicin-
ity became sharply amplified as two young
boys raced by, carrying some unidentifiable
toy devices.

| spied my objective ahead — the elec-
tronic games counter. | got into line between
two youngsters and their parents. Were these
PG or R rated games? | saw no parents with
the kids playing basketball in the next aisle.
Perhaps the cost of computerized games war-
ranted closer parental scrutiny. $5 for a
hockey stick is one thing, but $50 for a talk-
ing plastic robot is another. All the games at
this counter incorporated microprocessors as
their intelligence. Some simulated war games

Figure 1b: Details of the
circuit in figure 1a, show-
ing one of the four light
and sound generating sec-
tions.

Copyright © 1979 by Steven
A Ciarcia. All rights reserved.
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Photo 1: Player console for the computerized musical tone game. Players
attempt to repeat a sequence of tones and corresponding lights chosen by
the computer at random.

and produced authentic battle sounds while
others proved to be formidable challengers
in games of chance.

| looked through the products in the case,
hoping to spot the one | so desperately
wanted. Would this be another store that
was completely sold out? Would | never get
my Simon?

“Sir? Can | help you?” the salesman
asked. His attitude was surprisingly pleas-
ant considering that he worked in the store’s
combat zone.

“I don’t see it!"”

“See what, sir?”

Still vaguely pleasant, his tone changed
to “l've had a long day, buddy. Let's not
play 20 questions.”

“Simon of course!” | replied. “But |
know you don’t have any. No one does."”

“You're in luck, sir. | believe we re-

n

r

Photo 2: Bottom view of the player’s console. The ribbon connector attaches

to the user’s personal computer.

12
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ceived a back ordered shipment yesterday.
I’l} check.”

A young girl behind me said, “Did you
hear that, mommy? They have Simon! |
can practice for the competition after all.”

| said, “Competition? Simon?"

“Sure. Everybody's got one. Except me,
that is. We have contests in school to see
who can remember the longest tune. It's
fun. Oh, | can’t wait!" she responded,
tugging on my sleeve.

“That sounds exciting. | hope you do
well in the contest,” | said.

The salesman returned.

“l have one left. You're in luck.”

I hardly had time to smile as he passed
it to me. | heard a whimper from behind me
and sensed the little girl’s disappointment.
Saying nothing [ turned to look at her. She
tried to hide her anguish,

“What is your name, little girl?"" | asked,
stooping down a bit to be more at her level.

“Brenda,” she said wistfully.

“That's a coincidence. | have alittle.. .er,
girl named Brenda too.” | had to catch
myself — as | have a female Scottish Terrier
named Brenda. Parents might get upset if
you compare their children to dogs. “She’s
a little smalier than you are.”

“Is Simon for her, Mister?”

“No, she likes playing with tennis balls.
But no matter. I've only been /ooking at
this game. I’'m not sure | really want to buy
it just yet. Would you like it?”

She offered several relieved thank-yous
as | bolted for the door. | was in a hurry
to get to the department store two blocks
up the street before they closed. . . .

Musical Games Are Addicting

Some time ago | was in a stuffy business
meeting. When it became apparent to the
chairman that most of the attendces were
asieep, he pulled out a saucer shaped object
with four colored areas on it and slid it along
the table. It stopped in front of me and went
“beep” and lit a red light. Instructed to
respond in kind, | pressed the red arca which
turned out to be an oversized lighted push-
button. The saucer replied ‘‘beep-boop”
and lit the red and green lights sequentially.
It became immediately apparent that the
plastic saucer was a game and the object was
to duplicate the sequential tones it played.
The task became increasingly difficult as it
added another note each time around. If
missed, it made a sound like a “raspberry"
before starting a new game.

This “‘game” turned out to be Simon,
from Milton Bradley Corporation. It uses
a microprocessor to synthesize the tones,
light the lights, and generate the sequence.



“If this MXVI from CCS had been
available in the ’30s, I would have had

the secret of invisibility wrapped up
in half the tie:, THE INVISIBLE MAN

g 1? Uy The place was alive with *'mad
o~ {88 doctors’ 40 years ago. For good
1? reasons. They couldn’t get what they
ifj; wanted. Labs were piled high with
"% incomplete kits, defective gear, and
L undecipherable support documentation.
: All that's history now that Califor-
nia Computer Systems has arrived on
& the computer hobbyist scene. We'll see
.\ that noelectronics maverick goes
% away mad.
1 s Three proofs positive: our new
- M-XVI Static RAM Module tor S-100 bus

AR

4 141

ot i e

. systems...our new PT-1 Wire-Wrap
.\ . Board...and our new Soldertail

= 3 "= Prototyping Board. The M-XV| teatures
-f.s ! . include: fully static design, use of

"ﬁ ' . popular 2114 static RAMSs, ability to

; ; it & meet IEEE proposed S-100 signal stan-

¥

{1 dards, full buffering, addressability in
UL T 4Kblocks, and bank select by bank
i port and bank byte. The PT-1 Wire-Wrap
Board has all S-100 signals specified
and provisions for four regulators. The
Soldertail Board has all S-100 signals
labelled, provisions for four regulators,
and can accept 16-24-and-40 pin
spacing.
Take a tip from the Invisible
Man. He's quit derailing
trains, robbing banks,
# and scaring helpless
damsels since CCS
§ gave him what he
wants. If you're looking
for satisfaction, too,
. check out our new
product line today at your nearby
computer store.

e
g
e

- California Computer Systems
. 309 Laurelwood Road
Santa Clara, CA 95050
J (408) 988-1620

So Nobody Goes Away Mad.

Circle 37 on inquiry card.




Build Your Own Musical Game

It is only logical that any of the $30 to
$50 electronic toys in department stores
can be simulated with the average $6000
personal computer. (This is why critics
frequently call computers illogical.) The
distinguishing feature between a toy built
around a microprocessor and the average

Figure 2: Flowchart for the computerized musical game.

START

home computer is the packaging and 1/O
(input/output) interface. With the exception
of addressable memory, the microprocessor
in a battleship game has a processing capa-
bility comparable to the more general pur-
pose processors like the 8080 and 6800. The
major difference is that single chip com-
puters incorporate limited quantities of pro-
grammable memory, read only memory, and
1/0 in one package. This is the most cost-
effective approach for a dedicated task like
a game. The most popular single chip com-

SET UP 64 ENTRY
TABLE
R(O) TO R{63)

I

A IS TOTAL
NUMEER OF NOTES
IN TONE SEQUENCE
A=0

AzA+|

S IS SELECTION
RESPONSE NUMBER
$=0

INITIALIZE
GAME
SOF TWARE.

PLAY TONE RIS}

14

YES
1S NO
S:A
P
[ [ DOES INPUT PORT l— . YES
L3 _EQuAL 255
NO
M D0ES INPUT PORT I—- NO
L3 EQUAL RIs)
YES
YES
——————— S:S+(
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L3 _EQuaL 255 o
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» NO  a:win #
P
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COMPUTER PLAYS
COMPLETE TONE

SEQUENCE,
§:5+1 ADDING ONE
NOTE TO THE

T END.

PLAYER
“YOU LOSE" RESPONDS BY
SOUND ALL ENTERING
TONES CORRECT TONE
SEQUENCE.

“YOU WIN"

SOUND WIN

TONE SEQUENCE
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Aladdin Automation now otters
vou the magice of a tull tange of
Porsonal Program™ senios
espaciilly designed o support
the most popular personal
computars availlable today

Somie Personal Programs
Lahe vou 1o taraway places of
eNGiting., action-pached
adventutes Others will bring
lun-tilled teanmimg expenences
home to you and vour ¢child Still
others are designed tor your own
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information on il the Personal
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Welcome To The All-New _ ' -y
World Of Aladdin. And Get Ready M
To Make Your Own Magic R
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\) (/ ALADDIN COMPUTER CORR -

\/ S0 Retvon S an Dicao, Ca, 92110
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puter in the computer games market is the
Texas Instruments TMS 1000. Customized
versions of this integrated circuit are used in
the majority of electronic games.

Presuming that we can write a program
on our large computer that accomplishes
the same logical objective as the dedicated
game, the only real difference becomes |/O.
Most personal computers incorporate ASCI|
keyboards, video displays, and tape cassette
interfaces for 1/O. Electronic board games
use a few switch inputs {constant closures)
and lights or buzzers for output and, because
there is little operating system overhead,
sound effects are directly synthesized by
program timing loops. Theoretically, if we
attach these switches and lights to a con-
venient |/O port on our computer we should
be able to program a similar or even more
challenging game.

Building a musical game that tests the
players’ ability to memorize a string of tones
is a simple task. Input to the computer con-
sists of four switches, one for each of four
tones. Output from the computer is like-
wise four signals which light four colored
lights on the player console. Each light
corresponds to a distinctive tone.

The game is simple to play. The computer
plays a tone and the player responds by

pressing the button for that same tone. Next,
the computer plays two notes and the player
replies accordingly. Each correct exchange
results in adding one more note to the string.
Eventually either the player misses by being
unable to replay the exact tone sequence,
or wins by attaining some preset number of
notes without failure. The former is signified
by an ungracious combination of tones and
the latter by a distinctive tune played by the
computer in celebration.

There are two possible design approaches.
One is to use machine language and a ‘“‘bare
bones’’ interface consisting of four switches
and four lights directly connected to a paral-
lel input and output port. Timing loops
written into the software produce the tones.
This method uses the least hardware but
requires considerably more software.

The second alternative is to use a high
level language such as BASIC and use an
external hardware interface for tone genera-
tion. This is the approach | have taken. Ex-
perimenters wishing to use another approach
can easily follow the logic flow of BASIC
and in this way | am not confining the
reader to a particular microprocessor. Also,
on-the-spot program variations to accommo-
date individual players are more easily
implemented in a high level language.
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OVERBYTES AND UNDERPRICES THE COMPETITION

Introducing

the

ths PBetasystem

$5885.

Complete with the
fantastic UCSD Pascal
Operating System

PASCAL OPERATING SYSTEM: The smoothest, most convenient
operating system available, featuring a powerful screen oriented
text editor, the fast PASCAL compiler, file and library handling
system, linker, library, BASIC compiler, and more.

2-80 MICROCOMPUTER: Northstar based 4 MHz S-100
microcomputer with 64k RAM, serial and parallel ports, dual
Micropolis quad density (630 kbytes formatted) disk drives.

60 cps DOT MATRIX PRINTER: Centronics model 779 with trac-
tor feed and paper stacker.

FULL FUNCTION INTELLIGENT TERMINAL: Microterm ACT-V,
with addressable cursor, protected fields, erase to eol, erase to
eos, reduced intensity, protected fields, much more

RETAIL
$4695

$1250

$880
$6825

ibs PRICE
Microcomputer/Dual Drive/64k/Pascal $3995
$1095

$795
$5885

Printer/tractor feed/paper stacker

Terminal

Buy complete system and receive all cables and box of disks free.

i d
‘hs independent business systems, inc. ® 5476 Cleo Ct. ® Livermore, CA 94550 @ (415) 443-3131
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Heathkit Personal Computers
are “System Designed’'-
Read about themin the

HEATHKIT CATALOC

Complete descriptions of the best in
personal computers —now available in
kit and assembled versions

In the world of personal computing, compatibility of design and
operation is an important consideration. The computer hobbyist
or small business user of today doesn’t have time to iron out
hardware and software problems that can arise from a "shot-
gun” approach to system design.

Heathkit Personal Computer Systems are just that-systems.
They were designed around each other for total complementary
performance. Expansion within the computer itself and with our
peripheral devices is always a trouble-free transition.

You can start with our low-cost
8-bit H8 Computer and just 4K
of memory as an introduction to
computing. Its easy to use octal A
data entry and S-digit octal read-
out make learning a simple mat-
ter. As your abilities grow, so can
your computer. Add more mem-
ory and one or more peripherals
like the H9 Video Terminal with its ASCIl keyboard for convenient
entry and display of your programs. And you can store your
programs in one of three ways too! Choose our new WH17
Floppy Disk System (single and dual drives available) for the
uitimate storage mode. Its expanded 40-track hard sectored
diskette has 102K Bytes of available storage so you can store
hundreds of programs on one disk. If paper tape storage is your
preference, choose our H10 Paper Tape Reader/Punch. For the
most in economy, we offer a cassette player/recorder too. The H8
is indeed a complete system.

The ultimate personal computer is our 16-bit H11A. Very few
people will ever need more computing power than our H11A has
to offer. Based on the world-famous DEC®* PDP-11/03, it has
enough capability for virtually-any program-small business or
hobby. The H11A offers unequalled software, too, so the number
of useful applications is virtually unilimited. The H11A has its own

WH27
Controller

Heath Co., Dept. 334-520, Benton Harbor, Ml 49022

Circle 160 on inquiry card.
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Floppy Disk System, the WH27. And what a floppy it is! Fully-
compatible with the DEC RX01® floppy for the PDP-11/03, the
WH27 lets you take advantage of all existing PDP-11/03 software
in addition to those you develop on your own. Dual drives give
you 512K Bytes of program and data storage. The WH27's Z80
microprocessor-based controller permits a head motion of only
6 mS (versus DEC's 10 mS) for data access times that are con-
siderably faster. Otherfeatures include built-in self test on power-
up; mechanical interlock to prevent disk damage; write protect
function that precludes written-over disks; complete HT11 disk
operating system software that includes extended BASIC with
files and virtual arrays, utilities (with macro-assembler), text
editor and more. An extended FORTRAN which supports the
ANSI standard (1966 FORTRAN V) will be optionally available
soon.

Read more about Heath system-designed computers and other
outstanding kits (nearly 400 in all) in the latest Heathkit Catalog.
It's FREE.

Send for your FREE copy today!
Or bring this coupon to your nearby Heathkit Electronic
Center (Units of Schlumberger Products Corporation)
where Heathkit products are displayed, soid and
serviced.

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

Name

Address

City State
CpP-162 Zip

Specifications subject to change without notice.
et 1 1 r 1 f r 1t 1 J [ [ T J |

F I (D S (R ) (D (O ) e

--------------1
Heath Company Dept. 334-520
Schlumberger Benton Harbor, Michigan 49022
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Photo 3: Corner of the
circuit cellar showing the
64 K dual floppy disk
Z-80 system used by the
author to drive the musical
tone game.

Listing 1: Program for the
musical tone game, written
in 8 K Zapple BASIC.

90

92

94
100
105
110
115
120
125
130
135
140
200
205
210
220
230
240
245
247
250
260
270
400
410
420
425
430
450
460
465
470
480
481
482
490
495
500
510
520
530
580
585
590
600

605
610
620
625
630
700
705
710
715
720
1980
1990
2000
2050
2060
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REM

REM =« CIARCIA’S CIRCUIT CELLAR COPYRIGHT 1979 =«

REM

PRINT"THIS IS A MUSICAL GAME TO TEST YOUR MEMORY"”
REM

REM

REM FIRST THING WE DO IS SET UP A TABLE OF 64

REM RANDOM NUMBERS WITHIN THE CHOICES OF 1,2,4,OR 8.
REM THESE NUMBERS ARE SINGLE BITSWHICH INDICATE A
REM PARTICULAR TONE AND COLORED LIGHT.

REM THE COMPUTER INTERFACE ISBITS 0 THRU 3 OF 1/0 PORT 3
REM

DIM R{64) :DIM S({64) :DIM A(64)

A=0

FOR S=0 TO 63

R=INT{RND{1}+10}

IF R>3 THEN 220

R(S)=255—2AR :REM THE INPUT TO THE INTERFACE IS LOW TRUE LOGIC
REM TO TURN ON A TONE ALL BITS ARE HIGH EXCEPT THE
REM ONE WHICH IS TO BE COMMUNICATED

NEXTS

REM

REM

S$=0 :A=A+1

OUT 3,R(S) :GOSUB 2000 :REM TURN ON TONE

OuUT 3,255 :REM TURN OFF TONE
§=§+1

IF §=A THEN 450 ELSE 410

§=0

W=INP(3)

IF W<>255 THEN 470 ELSE 460:REM HAS A BUTTON BEEN PUSHED?
IF W=R(S) THEN 480 ELSE 600

§=§+1

REM A IS PRESET TO EQUAL WIN NUMBER. THIS CAN BE 1 TO 64 TONES
IF A=16 THEN PRINT”YOU WIN':GOTO 700

W=INP(3)

IF W<>255 THEN 490 :REM HAS THE PLAYER RELEASED THE BUTTON?
IF S=A THEN 580

GOTO 460

REM

REM

REM RETRY DELAY

FOR T=0 TO 3 :GOSUB 2000 :NEXT T

GOTO 400

PRINT”SORRY,YOU MISSED IT ... .. YOU HAD “;A;” NOTES IN THE
SEQUENCE"

PRINT”TRY AGAIN"

OUT 3,0 :REM TURN ON ALL TONES

FOR T=0 TO 3 :GOSUB 2000 :NEXT T

0OuUT 3,255

GOTO 205

FOR T=0TO 6 :REMPLAY TUNE TO INDICATE A WINNER

OUT 3,254 :GOSUB 2050 :0UT 3,253 :GOSUB 2050

OUT 3,251 :GOSUB 2050 :0UT 3,247 :GOSUB 2050

OUT 3,255: NEXT T

GOTO 205

REM

REM THE VALUE OF T1 SETS THE TONE DURATION

FOR T1=0 TO 250 :NEXT T1 :RETURN

REMWIN DELAY TIMER

FOR Q1=0 TO 80 :NEXT Q1 :RETURN
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Figure 1a illustrates the hardware inter-
face of this musical game; photos 1 and 2
demonstrate typical layouts. A more de-
tailed description of an individual tone
generating section is given in figure 1b.
Normally, both signal points A and B are at
a high logic level and the tone is off. The
tone and light can be turned on by either
a low output signal from the computer or
the pushbutton being pressed. The resulting
high level output of ICla turns on the
oscillator formed from IC1b and IC1c and
drives the light through transistor Qy.

A flowchart of the software as written
in BASIC is shown in figure 2. When the
game is initialized, a random number gen-
erator sets up a tone sequence of 64 notes.
After playing the first note it waits for the
player’s response and then repeats the action
adding another note. The software is written
so that the speed of player response is not
important. Player frustration is strictly
limited to remembering the tone sequence.
The BASIC program which plays this game is
shown in listing 1.

| have found that this game is a good way
to demonstrate my computer to people
totally unfamiliar with them. Some of my
more computer oriented friends jokingly
suggest that | may be doing things the hard
way using a 64 K byte dual disk Z-80 system
for the game.

If you have any questions, good ideas or
comments on this or previous articles, please
write to me, enclosing a self-addressed,
stamped envelope. Eventually | answer them
all.

Next month, the “Circuit Cellar” topic
will be communication on a laser light
beam.®



Specifications:

S-100 compatible. MFM
encoding, 35 tracks with ten
512-byte sectors per track.
179,200 bytes on double
density SA-400 and North Star
BASIC, DOS, and Monitor
included.

For turther Information, write
tor full color catalog or contact
your local computer store.

)

Circle 285 on inquiry card.

New from North Star

Double Density Performance at

Single Density Prices

The new HORIZON computer and
Micro Disk System now record in dou-
ble density! That means each new
Shugart SA-400 minifloppy disk drive
accesses 180K bytes of on-line infor-
mation. All double density HORIZON
computers and Micro Disk Systems
have a redesigned controller which
allows the use of quadruple capacity
disk drives as they become available in
early 1979. A three-drive North Star
System with quadruple capacity disk
drives will access over a megabyte of
on-line information. But, best of all
there’s no price increase for double
density models.

North Star BASIC and DOS have been
upgraded to accommodate the in-
creased capacity and yet run existing
programs with little or no change. The
new disk system also supports single

density, so existing single density disk-
ettes can still be used. Single density
SA-400 drives previously purchased
with North Star systems can also be
used.

Pricing
HORIZON with one double density
SA-400 minifloppy (180K bytes), 16K

RAM, ZBOA processor and serial I/O
port: $1599 kit, $1899 assembled.

MICRO DISK SYSTEM with one double
density SA-400 minifloppy, controller
board and power regulation: $699 kit,
$799 assembled. (Cabinet and power
supply $39 extra each.)

NortH Star & ConveuTeRs
2547 Ninth Street

Berkeley, California 94710

(415) 549-0858
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Cross-Pollinating the Apple I

About the Author

Richard Campbell
7032 Quakertown
Canoga Park CA 91306

Richard Campbell is
a software engineer
working for Lexitron
Corporation, a manu-
facturer of 8080 based
text processors. His
hobbies include com-
puting, flying and
photography.

| have an Apple |l personal computer,
which | like a great deal. | have noticed
that most construction articles dealing with
custom interfaces for the Apple assume that
one must use Motorola or MOS Technology

intal

Silicon Gate MOS 8251

PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous = Baud Rate —DC to 56k Baul ( S
Operation DC tn it
= Synchronous -

* Full Duni~

5-8 Bit Characiers -
Internal or External Characier
Synchronizal
Automatic Synr =

any tim

h
hae chip is constructed using

Mk ey A ]

Photo 1: The serial interface circuit as constructed using the Intel 8251 pro-
grammable communications interface. Point-to-point wiring on an Apple
prototype board was used. The board is pictured lying on page 12-46 of the
Intel Component Data Catalog.
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periphera! integrated circuits. Since | use the
Intel 8080 family of devices in my work, and
want to add a serial interface to my Apple,
I've decided to try a little crossbreeding. The
interface was designed to be RS-232 compat-
ible and to allow receiving and transmitting
with the ability to add modem control sig-
nals easily in the future.

Circuit Design

The heart of the interface is the Intel
8251 programmable communications inter-
face. The 8251 performs serial-to-parallel
and parallel-to-serial conversion. The oper-
ating characteristics and mode of the 8251
are programmable by sending the proper
bytes to it from the Apple bus. The inter-
face is set up to handle asynchronous
communications. National Semiconductor’s
1488 and 1489 integrated circuits handle
the RS-232 and TTL (transistor-transistor
logic) level conversions. Since | am using
only one of four buffers per chip, many
other RS-232 signals could easily be added
such as Data Set Ready and Clear To Send.

Data rate generation is handled by divid-
ing the 7 MHz signal from the Apple bus by
8, using a 74LS161 synchronous 4 bit coun-
ter. This 895.125 kHz output is applied to
the input of National Semiconductor's
MMS5307AA programmable divider. Four
switches select the data rate as shown in
table 2. The resulting data rates are 3 per-
cent low, but in actual practice this is close
enough. Two gates of a 74LS04 device are
required to interface the 8251 circuit to the
Apple bus.

Construction

The circuit was constructed using point-
to-point wiring on an Apple prototype board.
This board comes with a manual which pro-
vides an excellent explanation of the Apple
bus. Nothing is particularly critical about the
wiring (although | wouldn’t run the 7 MHz
signal all around). A 0.1 uF capacitor should
be placed near each integrated circuit be-



“Opur reputation rests on digits,
decimal points, and details.

We wouldt trust them to anything less
than Scotch Brand Data Cartridges”’

Bill Birkett, Vice President,
Trade Graphics, Inc.,
Livonia, Michigan

The unique design of a data
cartridge provides great reliability,
high storage capacity and long
tape life. And where could you
possibly get better data cartridges
than Scotch Brand, made by
3M, the people who invented the
data cartridge system itself?

3M controls every step in manu-
facturing. Top quality magnetic
tape and precision components are
part of every Scotch Data Cartridge.
Over twenty-five years of service
to the computer industry assure
you of the utmost reliability.

Scotch Data Cartridges are
available in miniature DC 100A,
the standard-size DC 300A and
now, an extra-length DC 300XL
with 50% more storage capacity.
They are compatible with most
cartridge systems including
Hewlett-Packard, IBM, NCR,
Tektronix and TI.

To find out where you can find
Scotch Data Cartridges or virtually
any other data recording medium,
call toll-free: 800-328-1300.

(In Minnesota, call collect:
612-736-9625.) Ask for the
Data Recording Products Division.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.
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0300
0302
0305
0307
030A
030D
030F
0312

0314
0317
0319
031B
031D
0320
0322
0325
0327
032A
032D
0330
0332
0335
0338
033B

Photo 2: The serial inter-
face board installed inside

the Apple I1.

C1 Co

C1 Co
58 FC

FD

c1 Co

FD
co

FD
03
co

Cco
Co
10 Co
14 03

LDA
STA
LDA
STA
JSR

LDA
JSR

DEC

LDA
AND
BEQ
LDA
JSR
DEC
LDA
ORA
JSR
JMP
BIT
BPL
LDA
STA
LDA
JMP

#$CE
$CoC1
#$27
$coc1
$FCS8
#$60
$FDED
$24

$coC1
#$02
$032D
#$A0
$FDED
$24
$C0COo
#$80
$FDED
$030D
$C000
$0314
$C000
$C0COo
$C010
$0314

SET 8251 MODE (SEE 8251 DATA SHEET)

SET 8251 COMMAND

CLEAR THE SCREEN AND HOME

GET CURSOR CHAR

PUT CURSOR ON SCREEN

BACKUP SCREEN INDEX TO OVERWRITE
CURSOR

CHECK 8251 STATUS

MASK OFF RECEIVE READY BIT

BRANCH IF NOT READY

GET A BLANK

OVERWRITE THE CURSOR

BACKUP SCREEN INDEX

GET CHAR FROM 8251

SET BIT 7 HIGH

PUT CHAR ON THE SCREEN

PUT UP NEXT CURSOR AND LOOP

CHAR ENTERED ON KEYBOARD?

BRANCH IF NO

GET CHAR FROM KEYBOARD

OUTPUT CHAR TO BE SENT BY 8251

RESET KEYBOARD

CHECK FOR NEXT CHAR

Listing 1: Program in assembler language for the 6502 processor. This enables
the Apple Il to function as a full duplex terminal.

22
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Photo 3: The serial inter-
face is used here to con-
nect the Apple Il to an
Intel SDK-80 microcom-

puter.

tween ground and +5 V. The +12 V and
—12 V supply lines should also be decoupled
to ground using 0.1 uF capacitors. Do not
use high value electrolytic capacitors, since
this interferes with the Apple’s switching
power supply. The RS-232 input, output,
and ground should go to a standard DB25
connector.

Using the Interface

Listing 1 contains a program, entered
with the Apple’s assembler, that sets the
Apple up for use as a terminal. Data received
from the input port is displayed on the
screen, and whatever is typed on the key-
board is sent out the transmit line. This pro-
gram operates the Apple as a full duplex
terminal. In other words, there is no internal
logical connection between the keyboard
and the screen. The characters that are typed

Circle 74 on inquiry card. e




‘ You've heard of our dual disk
drives, memory expansion, gnd
other peripherals which also in-
cludes software, i.e., Fortran,
PLM, Basic complier, Source- I
Editor, Autolink, Pagemate
Database and a complete line of -
business applications. |
|

COMPU/THINK  manufactures
complete small Rysiness sys-
tems, for the professional pro- |
grammer, engineer and small
businessnran. We offer complete
customer  support including
maintenance. If you're a small
businessman who s not a
programmer or a programmer
who is interested in sophisti-
cated products e at reasonable
prices, call us the company
who thinks about its customers!

. For further information call or
. . " . & * s write: '

) . Frank Price,

- . o ® -Director of Marketing

. : . . & COMPU/THINK

. 3 : 3260 RAlpine Road
_ . Menlo Park, Calif. 94025
® ey L . _+(415) 854-2577

¢ o ‘ " R 0‘. DealerSnquiries invited.
p . . ®

. . ' T
v L -

“GOMPUTER SYSTEMS*FOR BUSINESS".
' . o .




SERIAL INTERFACE RS-232
APPLE T (DB-25
BUS CONNECTOR)

\ |
| |
oo [a5> 271 0o o |2 2 3 XD
| {
o1 (a8 2810 ) 1c5 470pF |
] | 1488 I |
p2 [47 D2 |
i -12v |
2 I
03 [46 03
[ s |
04 [45> D4 |
| 6 |
o0s [44 05 1c2 3 3 |
| 7 825l RXD ——— {3 > RrxD
06 [43 06 1
| |
8 17 Ic6
07 4|z 07 St P 1489 +5V :
ICla
: 740504 15K :
[ 13— —
I Dcz RO > P :
| — = zsL
1 ol — RXC 1 470pF :
R/W [18>> WR
| ¢/D CLK CS RESET !
GND
| IIZ 20 |n 21 n
AQ | 2 > |
|
|
o1 [38>
|

TR L

DEVICE

SELECT >

: +5V
2 12 5 3
™ 36> cK ac EXT our
| +12v
+5v ic3
l ] TALSIEI 7 ey, BRI I T
IK - k: < < <
+l12v 0 [ T , | sa
| N0 ApF ’iv ’ P A -
10
+5v [25> 3] Loap B8 b
| O.1uF 10 9 s2
l { NEAR T c . 4
8 i
- EACH (C 3] ceseT 5 {
e ;17
: ~ O uF
-lav ICib
| 74L504
| -2V 3 4
RES [31 > Dc
|
|
Figure 1: Schematic diagram for the serial interface.
Table 1: Power wiring
table for figure 1. MNumbear Type +5 W Gnd 12V +12Z WV
1c1 TALS04 14 7 -
Icz B251 26 4 - -
1C3 T4L5181 16 8 - -
1C4 MAMBI0T-5 A ) = 12 =
ICE 1488 - 7 1 14
106 1483 14 7 - —
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Data Rate Selection

Data Rate (bps)

o
b
"]
(7]
o
i
w
-

50
76
110
134.5
160
300
600
00
1200
1800
2400
3600
4800
7200
8600

EZ 2222220000000
22 Z2Z0ON0O0O2Z2220010
22002202200 E20
20ZO0Z0Z02020Z02

C = closed N = open |not closed)

B251 set for +16 mode

Table 2: Switch settings to select various
data rates for this serial interface. A dual
in line pin-type switch may be used.

appear on the screen only if the device you
are communicating with echoes them back
to you. With this program the board has
communicated perfectly with an Intel single
board computer at a data transmission rate
of 600 bits per second.

Conclusion

Some experimenters have faced difficulty
in attempting to interface the Apple Il to
such devices as the Motorola 6820 PIA (per-
ipheral interface adapter). Most of the prob-
lems stem from a 25 ns timing delay on the
bus lines of the Apple. | advise erstwhile
interfacers not to become bogged down in
this sort of thing; there are too many new
and useful integrated circuits available with
which to work.

Not all highly programmable devices are
as fussy about timing as are the standard
support devices for the 6800 and 6502 pro-
cessors. My design shows that other families
of circuits may be utilized without much
trouble. The design using the 8251 device
has suffered no timing glitches such as the
ones that plague circuits using the 6820
device.

The moral is to keep your eyes open to
discover new and versatile integrated cir-
cuits and to experiment with them, what-
ever processor you use. Signetics has
invented an interface circuit, the 2651,
which is similar to the 8251. The principal
difference is a built-in data rate generator.
If | can obtain one, | know what my next
experiment will be.m

EPROM:s out at
the touch of afinger.

After programming a 2708 or 2716 EPROM you won't
need a screwdriver to pry it out of SSM’'s new PB1 board
equipped with Textool sockets. Just flip the lever and lift it
out. And on the same board there are 4 sockets waiting for
2708 or 2716 EPROMs that can be independently addressed
to any 4k or 8k boundary above 8000 hex. Two boards in one.

PBI1 has two separate programming circuits so 2708 or
2716 (5v) type of EPROMs can be programmed without
modifying the board. Programming voltage is generated
on-board by a DC-DC converter; no need for an external
power supply. Programming sockets are Dip Switch
addressable to any 4k boundary. And complete software is
provided for programming and verifying EPROMs.

With our Magic Mapping™ feature, unused EPROM sockets
don'ttake memory space, so you are never committed to the
full 4k or 8k of memory. The board can be configured for O to
4 wait states. Use fast or slow EPROMs. Alllines are buffered.

The PBI1 kit is available at over 150 retail locations or
directly from SSM for $139.95 (with Textool sockets) or
$119.95 (without Textool sockets). All SSM kits are backed
by a 90 day warranty. Assembled, one year warranty.

SSM manufactures a full line of S-100 boards, including
CPU,Video, /O, RAM, EPROM, Music, Prototyping,
Terminator, Extender and Mother boards. For complete
details just send for our new, free brochure.

PB12708/2716 Programmer & 4k/8k EPROM Board

Textool
rogramming mode

Programming LED indicating
protect switch X (;

4k/8k
EPROM sockets

EPROM
addressing switches

Programming

power supply

- 2116 Walsh Ave., Santa Clara, CA 95050
e BBd  (408)246-2707
We used to be Solid State Music. We still make the blue boards.
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Mark Zimmermann
Caltech 130-33
Pasadena CA 91125

Simulating Physical Systems

The Two-Dimensional Ideal Gas

Computers are becoming increasingly val-
uable in the sciences, for data reduction and
analysis and for the simulation of physical
systems. With a machine to do the repeti-
tious work, an astronomer can follow the
orbits of hundreds or thousands of stars as
they are affected by their mutual gravita-
tional fields and move to make a globular
cluster or a spiral galaxy. A chemist can fol-
low molecules in a liquid as they attract
and repel and undergo chemical reactions. A
physicist can watch the atoms of a gas mov-
ing from a low entropy, highly ordered state
toward a more probable chaotic configura-
tion, and can follow the random walk mo-
tion of any specific particle as it suffers col-
lisions with the rest of the gas.

How does one go about setting up a phys-
ical simulation? It’s necessary to deter-
mine the most important laws that govern
the system under investigation. A star

cluster, for example, is controlled mainly
by Newton’s law of gravitation. The nuclear
reactions which power individual stars are
interesting, but probably not very important
to the structure of the cluster as a whole.
(An exception might be acluster of extremely
massive stars; such stars could run out of
fuel and blow up before there was time for
their orbits to settle down.)

The first step in programming any phys-
ical system is to cut away all the features
except those which are crucial to it — in
other words, to make a model. If the correct
effects and features have been included, the
model will act enough like the physical
system to be useful and accurate, and the
model will be small and simple enough to be
computable in a reasonable amount of time
and space.

Secondly, one must take the equations
that govern the model and translate (and
sometimes simplify) them into a form
which a machine can handle. Today, only
a few very high-level systems (such as
MACSYMA, REDUCE, SHEEP, and
FORMAC) can handle abstract equations
and functions, and even these sophisticated
systems can’t do very much. Until people
learn how to explain the details of problem
solving mathematics better, most machines
are best at manipulation of discrete, finite
precision numbers. So, if one wants to
compute the flight of a Frisbee, one needs
to turn the continuous differential equations
for its motions into discrete difference
equations. [t’s analogous to the way one
plots a diagonal line on a teletypewriter —
the continuous line is broken up into a
discrete set of points that the printer then

e a0 approximates as best it can. If the printer

can type smaller, the approximation is
better. Similarly, if the smooth equations
describing the Frisbee’s flight are broken
up into tinier steps, then the approximate
solution the machine generates comes
closer to the actual motion.

Photo 1: Initial configuration for a run of the ideal gas model.
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Finally, given the model of the physical
system to be simulated, and given a transla-
tion of the equations controlling that model
into a machine acceptable form, the rest is
easy: just write the program! Ah, if it were
only so. To avoid gross errors and smaller
bugs, it's best to write in a high-level lan-
guage (BASIC, FORTRAN, Pascal, etc), but
then the resulting code usually runs unac-
ceptably slowly. It seems to be a general
consequence of Murphy’s Law (‘‘Anything
that can go wrong, will!”’) that any physical SessssssEsEsEEES
system interesting enough to be worth
simulating is too complex to be effectively
simulated. So, compromises are always e EE ni'Te B
necessary. Astronomers try (o simulate SEesssammssssssssssssssascasns
galaxies using a thousand point masses and
an approximate force law, instead of using
the actual ten billion stars with 1/r2 fields.
Chemists settle for a few hundred molecules
in their “liquid,” instead of 1023 or so. All
they can do is hope that enough of the
many-body collective effects show up for
their too small models to be interesting, and
that the cost of computing comes down
enough for them to simulate bigger systems
next year. As calculations get cheaper, that
last hope seems to be the best.

Another way to compromise between the
human speed and efficiency of programming
in a high-level language, and the computer
speed and efficiency of programming in
machine language is obvious: do both, and
produce a hybrid program. The BASIC {or
Pascal, or whatever) program provides the
framework and handles non-time-critical
tasks; it then calls machine language modules
to perform the innermost loops, the time-
consuming parts of the program which are
simple enough to write accurately and
rapidly in such a low-level language. As a
developmental tool, this top-down approach
is infinitely better than writing all machine
language code and then spending days
debugging it. In fact, if the program can be
entirely written in the high-level language Photo 3: A view of the simulation 102 time steps after starting.

Photo 2: One time step later, particle number O has moved ten units to the
right and is colliding with particle number 31 at X=10, Y=0.
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Figure 1: 90 degree type
collision for two particles
with equal and opposite
initial velocities.

ENERGY=! 188

Photo 4: A velocity distribution histogram after 102 steps. Note the energy
error (possibly due to roundoff and truncation error, or maybe | acciden-
tally hit the G key). Energy error is worse at these low energies when most
particles have only very small velocities.

Photo 5: Configuration for a high temperature gas with a total energy of
1207 units.
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and then run (slowly, perhaps) on small,
special cases to test out the fundamental
equations, so much the better. The machine
language subroutines can then be written
and substituted in only as necessary.

With this 3 step approach (model, trans-
late, program), simulating physical systems
isn't necessarily easy, but it is systematic
and can be interesting and educational.

The ldeal Gas

As an application of the above principles,
I've programmed in BASIC and 6502 machine
language (on a Commodore PET) a simula-
tion of an ideal gas — a gas made of pointlike
particles that interact only by direct colli-
sions. An actual gas, of course, is made of
molecules or atoms which have size and
internal structure. The molecules may react
when they collide with sufficient energy,
and they may influence each other (via
electrical forces) even when they are quite
far apart. The gas may condense into a liquid
or solid phase if its temperature is low
enough and its pressure high enough.

The model | made does not include those
features. It doesn't even include the three
dimensions in which the physical gas moves!
For speed and simplicity, | restricted the gas
particles to move in two dimensions within
the 50 by 80 cell “box'’ of the PET's video
screen. The two-dimensional gas is interesting
in itself, and it actually occurs, approxi-
mately, when atoms get adsorbed on the
surface of some crystals. The adsorbed
particles are relatively free to move from
place to place on the crystal surface, but
they are not free to leave the surface if the
temperature is low enough. (If this physical
system isn’t exciting enough for you, you
can imagine that the program is simulating a
large number of balls on a billiard table, or
perhaps hockey pucks sliding on ice.)

Several other features of the model |
made are important. | used only 256 gas
particles for two reasons: it made the
machine language routines simpler, and
more particles would have filled up too large
a fraction of the screen. As a general rule,
the errors in simulating a random process
shrink as 1NN, where N is the number of
objects in the simulation. For example, if
a pollster asks 100 randomly chosen people
for their opinion on some issue, he or she
typically makes about 1/NT00 = 10% errors
in estimating the general opinion based on
the finite sample. If the average number of
molecules in one cubic centimeter of air is

Text continued on page 32.



Graphics for small systems
were too expensive...

T Until Now

5 o digital plotters

The perfect small system output device ™
® Displays data in easy to read graphical BB\ =
format i | D )/A \ ‘ \
® Both serial and parallel inputs built-in ) | =F = \ ' § ) b I
® Uses standard 8%2" x 11" paper _ B / Y S dlgltIZGFS
® Plotting speed up to 2.4 ips
® Resolution of both 0.01 and 0.005 in. The perfect small system input device
@ Baud rate and step size easily changed ® Resolution and repeatabitity of 0.005in.
® Completely assembled and ready to use ® Origin is completely relocatable

® Priced at $1085* ® RS232C and 8 bit parallel interface se-
lectable at the connector

® Accuracies of +0.015in. (0.4mm)

® Optional LC display shows

actual values being inputted

@ Digitizing surface 11" x 11"

\ ® Priced at $795*
I

[
0 )

= |

(Optional LC display)

- owainizen

1ERERTRN!

0ivISION OF BAUBCMS& LOMB
*U.S. Domestic Price Only ot @®

TM Trademark of Houston Instrument

ONE HOUSTON SQUARE AUSTIN, TEXAS 78753
(512) 837-2820 TWX 910-881-2022

‘“‘the graphics - recorder company’’

Rochesteriaan 6 8240 Gistel Belgium
Phone 059/277445 Telex Bausch 81399

For rush literature requests
or local sales office information only,
persons outside Texas call toll free 1-800-531-5205. EUROPEAN OFFICE
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SOLID SAVINGS!

Now you can put your S-100 system solidly into
a full-size, single/double density, 600K bytes/side
disk memory for just $1149 complete.

DISCUS/2D™ single/double density disk
memory from Thinker Toys™ is fully equipped, fully
assembled, and fully guaranteed to perform perfectly.

DISCUS/2D™ is a second generation disk
memory system that's compatible with the new IBM
System 34 format. The disk drive is a full-size Shugart
800R, the standard of reliability and performance in
disk drives. It's delivered in a handsome cablnet with

built-in power supply.
The S-100 controller utilizes the amazing Western

Digital 1791 dual-density controller chip.... plus
power-on jump circuitry, 1K of RAM, 1K of ROM with
built-in monitor, and a hardware UART to make I/10
interfacing a:snap.

The DISCUS/2D™ system is fully integrated with
innovations by designer/inventor George Morrow.
Software includes BASIC-V™ virtual disk BASIC,

DOS, and DISK-ATE™ assembler/editor, Patches for
CP/M* are also included. CPIM% MicroSoft Disk
BASIC and FORTRAN are also available at extra cost.

DISCUS/2D™ is the really solid single/double
density disk system you've been waiting for. We can
deliver it now for just $1149. And for just $795 apiece,
you can add up to 3 additional Shugart drives to your
system. Both the hardware and software are ready
when you are.

Ask your local computer store to order the
DISCUS/2D™ for you. Or, if unavailable locally, write
Thinker Toys™ 1201 10th St., Berkeley CA 94710.

Or call (415) 524-2101 weekdays, 10-5 Pacific Time.
(FOB Berkeley. Cal. res. add tax.)

*CP/M Is a trademark of Digital Research.

Morrow makes disk memory for
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Decimal Memory Address

5632 thru 5799
5800 thru 6036

6144 thru 6399
6400 thru 6655
6656 thru 6911
6912 thru 7167
7168 thru 7423
7424 thru 7679
7680 thru 7935
1336 thru 8191

11 thru 25

26,27
28

29,30

31,32

6050 thru 6074
6075 thru 6099
6100 thru 6114
5632 thru 5654
5655 thru 5660
5661 thru 5679
5680 thru 5685
5686 thru 5689
5690 thru 5726
5727 thru 5746
5747 thru 5779
5780 thru 5799
5800 thru 5809
5810 thru 5824

5825 thru 5848
5849 thru 5866

5867 thru 5882
5883 thru 5886
5887 thru 6036

6037 thru 6049

Contents Or Function
Move particles one step forward in time,
bouncing off walls as necessary.
Plot particles on screen, colliding ones
which fall in same cell on the 50 by 80 grid.
High bytes of X coordinates.
Low bytes of X coordinates.
High bytes of ¥ coordinates.
Low bytes of Y coordinates.
High bytes of VX velocities.
Low bytes of VX velocities.
High bytes of VY velocities.
Low bytes of VY velocities.
Current screen character at location to
be plotted.
Table of PET % graphics symbols; translates
to and from “binary graphics symbols."
Low, high bytes of current screen address.
*Binary graphics symbol’’ to be put onto
current location {1, 2, 4, or 8}.
High, low bytes of M=(A+B+C+D)/2.
High, low bytes of TEMP=M-B,
Low bytes of table of left ends of screen
lines.
High bytes of table of left ends of screen
lines.
Table of graphics symbols, in order defined
tobe 1,2,3,4,...,15in "binary graphics
symbols.”’
Move X coordinate.
Check to see if in box; fix if not.
Move Y coordinate.
Check to see if in box; fix if not.
Increment counter; do next particle if not
done.
Fix if gone off left edge.
Fix if gone off right edge.
Fix if gone off bottom.
Fix if gone off top.
Transfer table to page O of memory.
Put address of screen left edge of line to be
plotted into 26,27.
Put “‘binary graphics symbol" to be plotted
into 28, and add location in line to be
plotted to 26,27.
Find current graphics symbol which occu-
pies space to be plotted in; look up in table
and translate to “binary graphics symbol."
Plot particle if space to which it goes isn’t
already occupied.
Increment counter and go back to 5810 if
not through.
A collision has occurred! Scan back to see
which particle has collided with the one
about to be plotted, and fix their velocities,
as in text,
This space intentionally left blank.

Table 1: Comments on Gas machine language modules given in listing 2.

Photo 6: Velocity histogram for the high temperature gas shown in photo 5.
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EMERGY= 1287.81486

Text continued from page 28:

3 X 10'9, then the fractional fluctuation in
this number is about 1B X 1019 =~0.2
parts per billion — small, but measurable.
(The human ear is sensitive enough to barely
hear these fluctuations — try it, if you can
find a quiet enough place!) So, the errors
that the 256 particle gas model will tend to
make are of the order of 1N256 = 6% — not
terribly bad.

A second important feature of my model
is the way it handles collisions. Time is
broken into steps, and two particles which
end a timestep in the same cell are considered
to collide. It would be far more complicated
to calculate distances between particles as
they move and to declare a collision only if
their center-to-center distance fell below a
certain limit. [t also turns out not to matter
much, as far as the final equilibrium state of
the gas is concerned. Actual collisions are
sometimes grazing, sometimes head-on, and
generally everywhere in between, depending
on the details of the interactions between
the molecules and their impact parameters.
None of that really matters for our purposes.

The important feature of all collisions in
gasses is that the collisions always conserve
energy and momentum. Energy is just
kinetic energy for pointlike particles: Yamv2.
To simplify the arithmetic, | let all of my
gas particles have mass m = 2, so their ener-
gies are just the squares of their velocities.
In two dimensions, velocity has components
along the X and Y axes; call them VX and
VY. The momentum of a particle is just its
mass times its velocity. Momentum thus has
X and Y components, each of which must
separately be conserved, that is, remain con-
stant during a collision.

To be specific, suppose that VX and VY
are arrays, and that particles numbered 1
and 2 are colliding. If arrays WX and WY are
used to hold their velocities after the colli-
sion, then conservation of energy says that
(total energy after)=(total energy before),
that is, WX(1)2+WY(1)2+WX(2)2+WY(2)2=
VX(1)2+VY(1)2+VX(2)2+VY(2)2. Conser-
vation of X momentum says that WX(1)+
WX(2)=VX(1)+VX(2), and conserving Y
momentum implies that WY(1)+WY(2)=
VY(1)+VY(2).

Now, if the velocities before the col-
lision are known, then there are four ve-
locities afterwards to solve for: WX(1),
WY(1), WX(2), and WY(2). Three equations
are not enough information to solve for four
unknowns. The missing equation contains
the details of the collision — whether it is
head-on or glancing or what. One might
write out this fourth equation (it’s done in
most freshman physics textbooks) in terms



micro ) IOBRLDO

FAST DELIVERY .

LOWEST PRICES «

TOLL-FREE
1-800-528-1418

DEPENDABLE SERVICE

DOUBLE DENSITY HORIZON | KIT

double the storage at the same price!

Today’s best buy. 180K bytes per disk.
The chosen computer for two MicroWorld
systems . . . Autoscribe — The Paperwork

Manager- and Bookkeeper — The Office
Accountant~. Single density still runs on
your new Horizon, or you can copy and

convert all North Star software and pro-

grams to double density.

e exclusive application software
¢ add’! 16K memory (kit), $349
¢ add'l disk drive (kit), $349

HEATH DATA
SYSTEMS PRINTER

Q¥

\)
\‘Q’ %" soroc 1a 120 VIDEO @@Q& TI 810 PRINTER

TERMINAL

W
(reg. $995

Sicro | IORALD

Bringing information technology to your doorstep
1425 W. 12th PI. « Tempe, AZ 85281 » 602-894-1193

VISA I No extra charge for credit card orders |k

" —

Ms-.w.._

~ HORIZON

*1349

{reg. $1599)
Call for low assembled prices. Double

density also available on North Star disk
sub-system, $599 kit.

MICROPOLIS
DISK DRIVE
FOR TRS-80

*499

Introductory Price
{reg. $599)

MicroWorld Specials

$ 749
$ 150
$ 742
$ 765
$1097

Integral Data Printer
Add for Tractors
Mime Terminal
Hazeltine 1410 Terminal .
Hazeltine 1500 Terminal .
Teletype Model 43
Printer
Dataproducts M-200
Printer
Vector Graphics MZ
Exidy 16K Sorcerer
Data General
microNOVA
Qume Sprint 5 RO
Printer (55cps)
DEC LS 120 Printer ....
Centronics 779 Printer
(incl. tractors)
Micropolis 1042 Mod
| Drive
T1 59 Calculator
Novation CAT Modem
Tl 820 Terminal
North Star Horizon
Software
Dataproducts B-300
Printer
51695 IPS| 1620 Diablo RO .. ..
(reg.§1895 Hitachi 9" Monitor
A Cromemco System Il ...
Imsai VDP-80

$1019

$2921
$3225

Circle 232 on inquiry card.
Freight collect, F.O.B. Tempe
No other handling charges

Formerly Byte Shop Mail Order

CALL TOLL-FREE 1-800-528-1418




Listing 1: BASIC program for the PET which simulates an ideal gas. This
program uses the assembly language modules shown in listing 2. The notation
used in this listing is described in table 3.

1
10
15
20

30
35

40
45
50

60

520
540
550

560
600
610
620
630
640
650
670

700
720
740
760
780

785
790

795
800
810
815

820
825

830
840
845
850
860
1000
1020

1100

34

REM POKE 135,22 FOR SAFETY!! (KEEP BASIC BOUNDED)

REM GAS COPYRIGHT 1978 MARK ZIMMERMANN

REM GRAPHICS SYMBOLS FOR PLOTS IN DATA STATEMENTS

DATA 100, 111, 121, 98, 248, 247, 227, 160, 101, 116, 117, 97, 246, 234,

231,160

DIM UP(7), RU(7), VY(20),VX(20): FOR 1=0 TO 7: READ UP{i): NEXT |

REM UP ARRAY IS FOR UPWARD GRAPH, Rl FOR RIGHTWARD; VY & VX

HOLD VELOCITIES

FOR 1=0 TO 7: READ RI(l}): NEXTI

REM SC$ DRAWS THE AXES FOR THE GRAPHS

SC8="cls 10-4d 100 lod lod oS Ibd 1od od b 1pb0d 12d g

bd |bdbb—5J4"

SC$=SC$+"bd lbd |bd |bd |bdbbb—104b6d |rrrrrrrrd—10 ubb T 1bd—5bu
Thd0i— 1"

SC$=SC$+" bdSy™T bbd 10home"

REM MEMORY ALLOCATIONS: 6144-6399, HI BYTES OF X COORDINATES

REM 6400-6655, LO BYTES OF X; 6656-6911, HIBYTES OF Y

REM 6912-7167, LO BYTES OF Y; 7168-7423, HI BYTES OF VX; 7424-7679,

LO VX ’

REM 7680-7935, HI BYTES OF VY; 7936-8191, LOBYTES OF VY

PRINT “HIT ‘R’ TO RESET TIMER"

PRINT ‘S’ TO MOVE SLOWER"
PRINT ‘F*FOR FASTER"
PRINT ~ ‘G’ TO GOOSE PARTICLE #0"

PRINT “AND ANY OTHER KEY TO PLOT VELOCITIES"

REM 120-140 FILL THE VELOCITIES WITH ZEROES AND THE LO BYTES
OF POSITIONS

REM TO CENTER THE PARTICLES IN THEIR RESPECTIVE SQUARES
FOR I=0 TO 255

POKE 7168+1,0: POKE 7424+1,0: POKE 7680+1,0: POKE 7936+1,0
POKE 6400+1,128: POKE 6912+1,128: NEXT |

REM ARRANGE PARTICLES NICELY HERE

FOR 1=0 TO 39: FOR J=0TO 5

POKE 6144+1*6+J,2*1: POKE 6656+1*6+J,2*J:NEXT J: NEXT |

REM USE UP ALL PARTICLES!

FOR 1=240 TO 255: POKE 6144+1,2*(1—-240): POKE 6656+1,20: NEXT |
DE=30: REM PRELIMINARY TIME DELAY

éYS(5632): REM MOVE ONE TIMESTEP
i’RlNT “cls'’;:N=N+1:REM CLEAR SCREEN; N COUNTS TIME
éYS(SSOO):REM PLOT & COLLIDE THEM!

PRINT N:T=TI

XO0=INT(PEEK(6144)/2): YO=INT(PEEK (6656)/2): POKE 33728+X0—-40*Y0,
42:REM MARK #0

IF (TI-T) < DE GOTO 560: REM DELAY

GET A$: IF A$=""""GOTO 400

IF A$="R" THEN A$=""":N=0:GOTO 400

IF A$="S*"* THEN A$='"":DE=2*DE: GOTO 400

IF A$="G"” THEN A$="": POKE 7168,10: GOTO 400

IF A$="F" THEN A$=""":DE=DE/2: GOTO 400

A$="""E=0:PRINT SC$

FOR 1=0 TO 20: vX(1})=0: VY(i}=0: NEXT |I: REM CLEAR
ACCUMULATORS

FOR 1=0 TO 255: HX=PEEK(7168+!): HY=PEEK(7680+1): LX=PEEK{7424+1)
LY=PEEK(7936+!): REM CALCULATE VELOCITIES, ADJUST IF NEGATIVE
IF HX > 127 THEN HX=HX-2565: LX=LX—-256

IF HY > 127 THEN HY=HY-2565: LY=LY -256

VX=HX+LX/256: VY=HY+LY/256: E=VX*VX+VY*VY+E: REM ADD UP
ENERGY

::::::: :REM NOW COMES PLOTTING: : ¢ :::::

VX=INT{VX): VY=INTIVY}): IF{VX > 10)OR{VX < —10) THEN VX=
SGN(VX)}*10

REM LIMITS PLOTSTO BETWEEN —10& 10

IF (VY > 10} OR (VY < —10) THEN VY=SGN(VY}*10
VX=VX+10:VY=VY+10

REM ACCUMULATE COUNTS INVX & VY ARRAYS; SCALARSVX & VY
ARE DIFFERENT!!

VX{VXI=VXIVXIH+1: VY (VY)=VY(VY)+1: AX=33582+VX—40* INT{VX(VX}/8)
REM CALCULATE AX AND AY, ADDRESSES FOR PLOT OF A GIVEN VX
AND VX{VvX}, ETC.

AY=33572—40*VY+INT(VY{VY)/8)

CX=UP(VX(VX)-8*INT(VX(VX)/8)}: CY=RI{VY(VY}-8*INT{VY(VY}/8)})
REM CX & CY ARE GRAPHICS CHARACTERS USED FOR SOME VX OR VY
POKE AX,CX: POKE AY,CY

NEXT |

PRINT TAB(10};"ENERGY="";E

GET A$: IF A$="""GOTO 1020: REM WAIT UNTIL DONE LOOKING AT
GRAPHS

GOTO 400
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of the scattering angle, and then use the
details of the particles’ positions to choose
that angle, but that would involve calcu-
lating sines and cosines of the angle, and it’s
unnecessarily slow and complicated (espe-
cially to program in machine language).
instead, | chose one special type of colli-
sion, which enabled WX (1), WX(2), WY(1),
and WY(2) to be calculated using only addi-
tion, subtraction, and division by 2. (I
can program those!) This special collision
scatters two particles by 90 degrees, if they
approach each other with opposite ve-
locities, as shown in figure 1. The resulting
equations for the velocities after the colli-
sion are simple. Let M=(VX(1)+VY(1)+
VX(2)+VY(2))/2. Then WX(1)=M-VY(1),
WY(1)=M-VX(2), WX(2)=M-VY(2), and
WY(2)=M-=VX(1). It’s an exercise in ele-
mentary algebra to see that these values for
the velocities after the collision conserve
energy and momentum.

So that's the specific model: a two-di-
mensional gas made of 256 particles on a 50
by 80 grid, which make 90 degree type colli-
sions whenever two fall in the same cell.
Now for step 2: make the equations of
motion computable. The equation that
governs the particles’ positions between
collisions is, in words, that the time-rate-
of-change of the position is the velocity; the
velocity is constant. It’s the simplest differ-
ential equation imaginable, and the solution
is also simple: particles move in straight lines
at constant speed between collisions. But in
a machine, nothing moves continuously.
It’s rather like Zeno’s Paradox: if you look
at an arrow in flight, at some moment it cer-
tainly is where it is, not somewhere else —
it’s at a definite location, not smeared out or
blurred. So, how can the arrow move? Zeno
couldn’t answer this (or chose not to), but
later mathematicians (Newton, Leibnitz, and
others) did. Their answer involves looking at
the motion as a series of tiny discrete jumps.
The computer can do that too. If a particle
is at position X,Y at one moment, and has
velocity VX, VY, then a time T later it will
be at X+TXVX, Y+TXVY. When | wrote
the original (high-level language) version of
this simulation, | used precisely these ‘“‘time-
step” formulae; in the machine language
version, | set T = 1 for simplicity. | also
chose a specific precision arithmetic: two
bytes for each number, in 2’s complement
notation, with the decimal point (it's really
a binary point!) between the two bytes. The
high byte (to the left of the point) gives a
number that can be directly plotted on the
screen; the low byte keeps several decimal
places of accuracy and holds down roundoff

Text continued on page 38.



A Beautiful
Way To Interface

SOROC's first
and foremost
concem, to
design outstanding
- remote video displays, has

resulted in the development

of the 1Q 140. This unit

reflects exquisite appearance

and performance capabilities
unequaled by others on the market.

The SOROC

{0 120 is the result
of an industry-
wide demand

for a capable
remote video
display terminal
which provides a

With the 1Q 140, the operator
is given full command over data e
being processed by means of a wide variety
-of edit, video, and mode control keys, etc.

ol

. D multiple of features
The detachable keyboard, with its i E— at a low affordable price.
complement of 117 keys, is logically ' : The 1Q 120 terminal is a simple
arranged into 6 sections plus main keyboard E ' self-contained, operator / computer unit.
to aid in the overall convenience of operation.
For :axelample, avgr%up c?fvanl‘(er;sefor cSrsrgr control / The 1Q 120 offers such features as: 1920 character
14 keys accommodate numeric entry / 16 special function keys scre;tenh melm?r%.l Iotwer case, RSZItSZCfexten%o?.
allow access to 32 pre-programmed commands / 8 keys make % 20032)”' ' SEEES et rTnsr(mssnon brla CSRIINERO
up the extensive edit and clear section / 8 keys for video set P an%s'prct;jtresc?rniggeméx?)an;?gzao;?tigl;;s?):ésegsa;

d 8 ke int, : ; X 4

up;andufrigda controli/sag yRntrol MESRERELIG Rt available are: block mode and hard copy capability with
Two Polling options available; 1) Polling compatible with Lear printer interface. The 1Q 120 terminal incorporates a 12-inch,
Siegler's ADM-2. 2) Polling discipline compatible with Burroughs. CRT formatted to display 24 lines with 80 characters per line.

Circle 330 on inquiry card.

ASOROC 165 FREEDOM AVE., ANAHEIM, CALIF. 92801

TECHNDLOGY, INC. (714)992-2860 /7 (800)854-0147
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Oma?a Computing Lid
Box 220

Station P
Toronlo, Ontario
nada MSS 287
(413) 25-9200
Robo-Tronics
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Calgary. Alberta
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S.1.C

Venezuela 3392
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88-2547

zzs Automation Propr Ltd
Clark St . Crows Nesi.
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IEC (International Electronic)
Avenue Charles Phisnier, 3F
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02/521-9580

Mulek
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Box Corsham

Wiltstwre. England
022121-3289

Abacus Computers Limiled
62 New Cavendish Sireet
London W1. England
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Amenican Data-Home &
Oftice Computer

150 jerd St

Sle.

Chesham House
London. W1R 5FA
England (01) 439-6288
U-Microcomputers
P. 0. Box 24
Northwich. Cheshire
CBW 1RS. England
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Janaz Computer Shop
12 Aue Pasquier
75008 Pans. France
329-6237
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97 Aue des Chanliers
78000 Versailles
France
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Compumak Lid.
117 Solonos St
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nn Rc
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(809 75
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Cu-r;o Ecuador
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{08) 756-0155
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Bassl. Switzenand 4023
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Elec. Dala oncnllng CA.
Av, 15-Esq. Calle 72
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Maracaipo, Venszuela
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Rheinsirasse 2
4040 Neuss 1

West Germany
(02101) 28124

1
M\OO Dam\l adt
Wast Gorm,
(06151) 71- u«

1333 8. Chillicothe Road e Aurora, Ohio 44202 (216) 562-3101



Here itis atlast... THE FIRST
FLOPPY DISK BASED COMPUTER
FOR UNDER 51000

The C1P MF

485

Complete mini-floppy computer system
10K ROM and 12K RAM
Instant program and data retrieval

The Challenger 1P Mini-disk system features
Ohio Scientific's ultra-fast BASIC-in-ROM, full
graphics display capability and a large library
of instant loading personal applications soft-
ware on mini-floppies including programs for
entertainment, education, personal finance,
small business and now home control!

The C1P MF configuration is very powerful.
However, to meet your growth needs it can be
directly expanded to 32K static RAM and a sec-
ond floppy by simply plugging these options in. it
also suports a printer, modem, real time clock
and AC remote interface as well as the OS-65D
V3.0 development oriented operating system.

Circle 290 on inquiry card.

Or Start with the C1P
CASSETTE BASED
Computer for just $349.

The cassette based Challenger 1P offers the
same great features of the mini-disk system
including a large software library except it has
4K RAM and conservative program retrieval
time. Once familiar with personal computers,
you'll be anxious to expand your system to the
more powerful C1P MF.

You can move up to mini-disk performance at
any time by adding more memory and the disk
drive. Contact your local Ohio Scientific dealer
or the factory today.

*Both systems require a video monitor, modified TV or RF
converter and home television for operation. Ohio Scientific
offers the AC-3 combination 12" black and white TV/monitor
for use with either system at $115.00 retail.

All prices, suggested retail.

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
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Listing 2: The 6502 assembly language modules for use with the ideal gas
program.

LABEL
BEGINMOVE:

38

LDX
LDY
LDA
CLC
ADC
STA
LDA
ADC
STA
BMI

cme
BCS

LDA
CLC
ADC
STA

LDA
ADC
STA

BMI

cwvip
BCS

INX

BNE
RTS

TYA
SEC
SBC
STA
TYA
SBC
STA
TYA
SEC
SBC
STA
TYA
SBC
STA
JMP
LDA
SEC
SBC
STA
LDA
SBC
STA
JMpP

TYA
SEC
SBC
STA
TYA
SBC
STA
TYA
SEC
SBC
STA
TYA
SBC
STA
JMP

LDA
SEC
SBC
STA
LDA
SBC
STA
Jue

TOP:

RETX:

RETY:

NEGX:

REFLVX:

BIGX:

NEGY:

REFLVY:

BIGY:

MNEMONIC

#0
#0
VXLO,X

XLO,X
XLO,X
VXHIX
XHI,X
XHI,X
NEGX
#80
BIGX
VYLO,X

VLO,X
YLO,X
VYHI,X
YHIX
YHI,X
NEGY
#50
BIGY

TOP

XLO,X
XLO,X

XHIX
XHI,X

VXLO,X
VXLO,X

VXHIX
VXHI X
RETX
#255

XLO,X
XLO,X
#159
XHIX
XHIX
REFLVX

YLO,X
YLO,X

YHI,X
YHLX

VYLO,X
VYLO,X

VYHI X
VYHI, X
RETY

#2655

YLO,X
YLO,X
#99
YHI X
YHIX
REFLVY
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COMMENTS
;initialize particle counter
;clear Y register

;move x coordinate of particle
:by adding VX to X

;bounce off left wall if x.LT.0
;bounce off right wall if x.GE.80

;move y coordinate
;by addingVYto Y

;bounce off bottom if y.LT.0
;bounce off top if y.GE.50

;do all 256 particles
;back to BASIC contro}

;prepare to reflect —x to x
;by subtracting from 0

;another 0 in accumulator

;reflect velocity vx also

;return to main program
;prepare to reflect x to 160—x
Hactually, 169.99. . .—x)

;reflect velocity vx using previous code
;reflect y to —y

sreflect velocity vy also

;return to main program
;prepare to reflecty t0 99.99 .. .—y

;use previous code to reflect vy

Listing 2 continued on next page.

BEGINMOVE 5632
BEGINPLOT 5800
XHI 6144
XLO 6400
YHI 6656
YLO 6912
VXHI 7168
VXLO 7424
VYHI 7680
VYLO. 7936
OLDCHAR 10
GRAFTAB 11
ADDRNOW 26
NEWSYMB 28
MHI 29
MLO 30
TMPHI 31
TMPLO 32
SCRTABLO 6050
SCRTABHI 6075
SYMBTAB 6100

Table 2: Specific addresses used in the 8 K
byte PET Gas program. Addresses are given
in decimal.

cls = clear screen.

b = backspace {cursor left).
d = down {cursor down).

r = right {cursor right).

u = up (cursor up).

home = cursor home.

Table 3: The PET uses special graphics sym-
bols to denote cursor control characters.
Since these special characters cannot be
typeset, the above notation is used in the
program.

Text continued from page 34:

or truncation errors. When an X coordinate
ends up less than O or greater than 80, |
reflect the particle off the left or right wall
and reverse its X velocity; when a Y coordi-
nate falls outside the box’s range (0 to 50),
I do the same for it. (Since I don’t check for
arithmetic overflows, if velocities get larger
than about 32, there is a chance for error;
this isn’t a serious restriction, in practice.)
In this format, addition and subtraction are
trivial, and the only trick to dividing by 2 is
to get the sign bit correct after shifting
right.

That’s all there is to the model. The
details that are explained in the remarks
in the BASIC listing (listing 1), and in the
commentary about the listing 2 machine lan-
guage modules in table 1, are probably of
interest mainly to 6502 system users, espe-
cially PET owners who can use the program
without modification. (At top speed, it
makes about seven timesteps per second!)
Much more interesting in general are the
“bells and whistles” that can be added to the
bare model for convenience and physical
insight.




Tinker, Tailor, Soldier, Sailor . . .
Doctor, Lawyer . .. the Chieftain’s here.

No matter whether you'’re a serious
hobbyist or a serious businessman, the
Chieftain 6800 microcomputer with ca-
pabilities that surpass the Z-80 is made
for you.

Smoke Signal’squality-packed
Chieftain I features two 5.25-inch mini-
floppy drives and Chieftain II fea-

tures two 8-inch floppy drives. R
Both microcomputers 4,-'\\\; .
provide 32K static memory, &
two serial I/0 ports, a 2 2 . \i"
MHz processor board, a 2K ey -

RAM monitor, a nine-slot p
motherboard with built-
in baud rate generator
and gold connectors for
high reliability. The
Chieftain’s stylish leath-
er-grained cabinet houses
the above with its own
cooling fan and regulated
power supply.

Every Chieftain is complete with
system software and is totally burned-in
as well as tested to further insure high
reliability.

And it’s expandable to 64K memory
with up to 2 megabytes floppy disk
storage.

So see your nearest Smoke Signal

dealer, he’ll be glad to show you how to

get your wampum'’s worth. Systems
start at $2,595.

O Send information on your Chieftain
microcomputer
O Send name of nearest dealer

.. ®

- A N

-t\ ’. ame

‘\. » Address
. N, ‘ﬂ: Company
A Q“ €« civ

\ State/Zip

>, SMOKE SIGNAL
 BROADCASTING |

31336 Via Colinas, Westlake Village, I
California 91361, (213) 889-9340

Smoke Slgnal Broadcasting, 31336 Via Colinas, Westlake Village, CA 91361, (213) 889-9340
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Listing 2, continued:

BEGINPLOT:
LOOPO1:

LDX
LDA
STA
DEX
BNE
LDA
LSR

TAY
LDA
STA

LDA
STA

LDA
BCC
LDA
STA
LDA
LSR

BCC
ASL
ADC
STA

BCC
INC

LDY
LDA

TOPPLOT:

SKIPO1:

SKIP0O2:

SKIPO3:

STA

LDY
CMP
BEQ
DEY
JMP

LOOPO2:

FOUNDIT: TYA
AND
BNE

TYA
ORA
TAY
LDA
LDY
STA
INX
BNE
RTS
TXA
TAY
LDA
DEY
CMmP
BNE
LDA
Cmp
BNE
LDA
CcLC
ADC
STA

INCRX:

HIT:

LOOPO3:
SEEK:

LDA
ADC
STA
LDA
CLC
ADC
STA
LDA
ADC
STA
LDA
CLC
ADC
STA
LDA
ADC

CMP

#15

;transfer graphics symbol table to page O

SYMBTAB—-1,X ;binary symbols allow quarter-character
GRAFTAB-1,X ;high resolution graphics
LOOPO1
YHIX .get a particle’s y coordinate
A ;divide by 2
SCRTABLO,Y Jlook up screen address in table
ADDRNOW ;for teft end of screen line to be
SCRTABHI,Y ;plotted on
ADDRNOW-+1 ;and store on page 0
#1
SK1PO1 ;if carry is clear then y coordinate was even
#4 :before division by 2
NEWSYMB ;store #1 or #4 here, if y even or odd
XHI,X ;get particle’s x coordinate
A ;divide by 2
SKIPO2 ;skip if x was even
NEWSYMB ;double NEWSYMB if x odd
ADDRNOW ;add x/2 to left edge address
ADDRNOW ;to get plotting address
SKIPO3 sskip if nocarry
ADDRNOW+1
#0
(ADDRNOW),Y ;get symbol currently occupying
particle’s
OLDCHAR ;target plotting cell, OLDCHAR=
GRAFTAB-1
#15 :prepare to look up symbol in table
OLDCHAR,Y
FOUND IT ;exit when found in table
LOOPO2 :have no fear, it will always be found! — OLD-
CHAR=GRAFTAB—1
:binary symbol in Y register, one bit for each %
cell
NEWSYMB ;check for a collision
HIT :a hit!ll no need to plot, but must coltide veloc-
ities now
:restore old binary symbot to accumulator
NEWSYMB ;add new bit
OLDCHAR,Y ;look up new plotting symbol
#0
(ADDRNOW),Y :plot new symbol
:increment particle counter
TOPPLOT ;loop until done
;back to BASIC control
;transfer particle counter to Y register
XHI,X ;colliding particle’s x coordinate in accumulator
XHIY :look for the {previously plotted) colliding particle
SEEK ;loop unti! found a matching x coordinate
YHI,X ;do their y coordinates match too??
YHI,Y
LOOPO3 ;if not, keep looking
VXLO,X ;match found — prepare to collide velocities
VXLO,Y
MLO ;MLO and MH! store M={VX1+VY1+VX2+
VY2)/2
VXHI,X
VXHI,Y
MH!
MLO
VYLO,X
MLO
MHI
VYHI,X
MHI
MLO
VYLO,Y
MLO
MHI
VYHLY  ;now we've got the sum, must divide by 2
to get M
#128 ;first, essential to set carry flag for proper
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division

Listing 2 continued on next page.

First, it's easy to write a loop to add up
the kinetic energy of each particle; the total
energy of the system should be conserved.
Roundoff (from the division by 2, in par-
ticular) does make small errors occur, but
I've found them to be tiny even after hun-
dreds of timesteps. It is interesting to note
that the energy is directly proportional to
the temperature of the system. The eye can
easily tell the difference between ‘‘hot” and
*‘cold” gasses, with some experience.

It is also interesting to plot the velocities
of the gas particles. In theory, after lots of
collisions have occurred, the distributions
of VX and VY velocities should be bell
shaped (also called ‘““Gaussian” or “‘normal”’)
curves (see photos). It’s quite satisfying to
see a ridiculous initial distribution, with all
the particles at rest except for one, evolve
as collisions happen toward the normal
curve. (The width of the distribution is pro-
portional to the square root of the tempera-
ture.) There are fluctuations away from this
equilibrium distribution, of course, but they
are small, roughly 1A/N =~ 6% in this model.

Another educational phenomenon that
this model can illustrate is called Brownian
motion, the ‘“random walk” that a particle
in the gas executes as it is buffeted by other
objects. It's a 1 line addition to the original
program to change the symbol for one par-
ticle (number 0, for example) to something
distinctive, so its motion can be followed.
(An asterisk was used in the photos here.)
On long timescales, the net motion of a
particular particle is less than one might
expect — the average distance it moves is
not (average speed)X(time), but (average
speed)X+/(time). (Albert Einstein got his
Nobel Prize partly for his explanation of
Brownian motion, published in 1905.)

There are many other ‘‘theoretical
experiments’”’ that one can do with this
model of a gas. One could count the col-
lisions off a wall and check the /idea/ gas
law which relates pressure, density, and
temperature. Another experiment could be
to measure the “‘speed of sound” in the gas,
by giving a push to the particles on one side
of the box, and seeing how long it takes
the resulting density wave to move across.
(The box may be too small and the gas too
dilute to do this cleanly, however; I’'m not
sure.) It might be nice to connect up the
screen edges, so that particles which move
off the right side appear at the left, etc.
That way, one could set up a “wind” (a net
nonzero momentum in some direction) and
it would last forever (within roundoff) with-
out hitting any box walls. Another possi-
bility is to evolve a system forward in time
for a while, and then reverse all velocities.



Effectively, this reverses time—if roundoff is
unimportant, the particles should retrace
their paths and return to the initial con-
figuration, like a movie run backwards!

This simulation of a gas is extraordinarily
simple in principle, but displays a surprising
wealth of realistic physical phenomena. It’s
not surprising that slightly more complicated
laws, acting on larger numbers of particles,
can make galaxies and DNA molecules,
snowflakes and cyclones. The challenge is to
simplify and then simulate them!®

BIBLIOGRAPHY

1. Aarseth, Sverre J, and Myron Lecar, “Computer
Simulations of Stellar Systems,”” Annual
Reviews of Astronomy and Astrophysics,
volume 13, 1975, pages 1 thru 22.
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Chemistry, American Chemical Society, Wash-
ington DC, 1977. (See chapters 11 and 12
in particular.)

w

. Reif, F, Statistical Physics (Berkeley Physics
Course), volume 5, McGraw-Hill, New York,

1967.

Listing 2, continued:

ROR
STA

ROR
LDA

SEC
SBC
STA
LDA
SBC
STA
LDA
SEC
SBC
STA
LDA
SBC
STA
LDA
SEC
SBC
STA
LDA
SBC
STA
LDA
SEC
SBC
STA
LDA
SBC
STA
LDA
STA
LDA
STA
JMP

A
MHI
MLO
MLO

VYLO,X
TMPLO
MHI
VYHI X
TMPH!
MLO

VXLO,Y
VYLO,X
MHI
VXHLY
VYHI X
MLO

VYLO,Y
VXLO.Y
MH |
VYHL,Y
VXHIY
MLO

VXLO,X
VYLO,Y
MH
VXHI,X
VYHIY
TMPLO
VXLO,X
TMPHI
VXHI,X
INCRX

;otherwise sign bit will be lost!!!
;division by 2 completed

;calculate after-collision velocities now,
as described

;in text

;save in temporary place

,proceed to collide all velocities

;collision finished — go back to main program

BRI |
-

CARD-READER

TERLHNAL

/4
This new concept in terminal equipment is --
for TTY type terminal replacement as well as for

3277 replacement®.

e Typewriter style keyboard.
® B0 x 24 character display.
e Hand-fed Hollerith type card and/or

badge reader. ¢ Half or Full duplex.

e Compatible with modems for e Printer interface.
remote use. ¢ Switch selectable baud rate and bit 1995 with single reader. 4

e 127 diagonal screen.

PHONE 1

P.0. Box 1522 * Rackford. lllinois 61110

Phone 815/962-8927

Circle 305 on inquiry card.

pattern to 9.6K BPS,

$850 without reader.

2595 with dual reader.

*Requlres Phone 1's P1-5 controller for 3271 or 3272 emulation.
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Book Reviews

See Sol’
at all these
fine

A book that deals with theoretical com-
puting machines, the biology of an amoeba,
and a very good checkers program should
pique the interest of many readers. Adaptive
Information Processing: An [Introductory
Survey is excellent for someone who wants

Adaptive Information
Processing: An
Introductory Survey
by Jeffrey R Sampson
Springer-Verlag,

New York 1976

214 pages a thorough overview of the subjects covered. te
$14.80 The book deals with three broad topics: compu r
information and automata, biological infor-
- mation systems and artificial intelligence. centers
aoneE The second and third are at opposite ends

LOMIVRBNCORTE

l

AL: Birmingham: Computer Center Inc.,

(205) 942-8567. CA:Costa Mesa: Orange County
Computer Center, (714) 646-0221. Los

Angeles: Computers Are Fun, (213) 475-0566.
Modesto: Computer Magic, (209) 527-5156.
Mountain View: Digital Deli, (415) 961-2670.
Walinut Creek: MicroSun Computer Center, (415)
933-6252. CT: Bethel: Technology Systems,
(203) 748-6856. FL: Ft. Lauderdale: Byte Shop

e of the spectrum of adaptive information
AFOHHM processors: living organisms and “intelli-
g‘nocgssﬂﬁ gent” computer programs that mimic

i M,w human thought. But the first topic, which
W deals with the nature of information and

Jattey RS0 with certain imaginary, idealized computing
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machincs, summarizes a body of knowledge
that sets an upper bound on the transmission
of data and on the problem solving limits of
any computer. It is only in the light of these
limitations that the later examination of
living and nonliving information processing
systems becomes meaningful.

The first section has five chapters on
communication theory, coding information,
finite automata, Turing machines, and
cellular automata. The last three subjects
refer to three levels of idealized computing
machines that mathematicians and computer
scicntists have devised and studied to dcter-
mine what problems can and cannot be
solved on a given machine. Most important
are two facts: firstly, the Turing machine
is capable of solving any problem that any
computer can solve; and secondly, there are
certain problems that a Turing machine can-
not solve. This implies that there arc pro-
blems insoluble by computer. The fourth
chapter is especially good for its conden-
sation of the work done along these lincs, in
particular, the famous “halting” problem for
the universal Turing machine.

The “Biological Information Processing’
section devotes a chapter each to informa-
tion processors on four levels: the biochemi-
cal, genetic, neural, and nervous system lev-
els. The first chapter gives a concise descrip-
tion of the role of enzymes and DNA in the
processes of biological information transfer.
The fifth chapter deals with limited attempts
of scientists to simulate various levels of bio-
logical processes via computer programs,

The final section deals with five artificial
intelligence  topics:  pattern recognition,
game playing, theorem proving, generalized
problem solvers and natural language proces-
sing. Here, the author admits that his mate-

of Ft. Lauderdale, (305) 561-2983. Miami:

Byte Shop of Miami, (305) 264-2983. Tampa:
MicroComputer Systems, (813) 879-4301.

ID: Boise: Byte Shop Computer Store, (208)
345-3811. IL: Lombard: Midwest
Microcomputer, (312) 495-9889. IA: Davenport:
Memory Bank, (319) 386-3330. MA: Waltham:
Computer Power, (617) 890-4440. MD: Silver
Springs: Computers Etc., (301) 588-3748.
Towson: Computers Etc., (301) 296-0520. MO:
Florissant: Computer Country, (314) 921-4434.
NJ: Cherry Hill: Computer Emporium, (609)
667-7555. Iselin: Computer Mart of New Jersey,
(201) 283-0600. NY: Endwell: The Computer
Tree, (607) 748-1223. NYC: Computer Mart of
New York, (202) 686-7932. White Plains: The
Computer Corner, (914) 949-3282. NC: Raleigh:
ROM's ‘N'RAM's, (919) 781-0003. OH: Akron:
The Basic Computer Shop,(216) 867-0808.

OR: Beaverton: Byte Shop Computer Store,
(503) 644-2686. Portland: Byte Shop Computer
Store, (503) 223-3496. PA: King of Prussia:
Computer Mart of Pennsylvania, (215) 265-2580.
RI: Warwick: Computer Power, (401) 738-4477.
TN: Kingsport: Microproducts & Systems, (615)
245-8081. TX: Arlington: Computer Port,

(817) 469-1502. Arlington: Micro Store, (817)
461-6081. Houston: Interactive Computers,
(713) 772-5257. Houston: Interactive Computers,
(713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson:
Micro Store, (214) 231-1096. UT: Sait Lake
City: Home Computer Store, (801) 484-6502.
VA: McLean: Computer Systems Store, (703)
821-8333. WA: Bellevue: Byte Shop
Computer Store, (206) 746-0651. Lynnwood:
Byte Shop Computer Store, (206) 775-7436.
Seattle: Byte Shop of Seattle, (206) 622-7196.
WI: Madison: The Madison Computer Store,
(608) 255-5552. Milwaukee: The Milwaukee
Computer Store, (414) 445-4280. DC:
Georgetown: Georgetown Computer Emporium,
(202) 337-6545. CANADA: London, Ontario:
The Computer Circuit Ltd., (519) 672-9370.
Toronto, Ontario: Computer Mart Ltd., (416)
484-9708. Vancouver, B.C.: Basic Computer
Group Ltd., (604) 736-7474. ARGENTINA:
Buenos Aires: Basis Sistemas Digitales,
93-1988 or 57-7177. AUSTRALIA: Prospect:
A.J.F. Systems and Components Pty. Ltd.,

269 1244. Sydney: Automation Statham,

(02) 709.4144. BELGIUM: Bruxelies:
Computerland, 02/511.34.45. COLOMBIA:
Bogota: Video National, 326650. DENMARK:
Copenhagen: Peter W. Holm Trading ApS
01-543466. MEXICO: Mexico City: Industrias
Digitales, (905) 524-5132. SPAIN: Barcelona:
Interface S.A., (93) 301 7851. SWEDEN:
Stockholm: Wernor Elektronik, (0O) 8717-62-88.
UNITED KINGDOM: Huntingdon, England:
Comart, Ltd., (0480) 74356. London: The Byte
Shop Ltd., 015542177. VENEZUELA:

Los Ruices, Caracas: Componentes Y Circuitos
Electronicos TTLCA, 355591.
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Sol.The smalI cute that won't
fence you in.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tell it, an
investment of a few hundred
dollars will give you a computer
to run your small business, do
financial planning, analyze data in
the engineering or scientific
lab— and when day is done play
games by the hour.

Well, the game part is true.
The rest of the claims should be
taken with a grain of salt. Only
a few personal computers have the
capacity to grow and handle
meaningful work in a very real
sense. And they don't come
for peanuts.

Remember, there's no
free lunch.

So before you buy any personal
computer, consider Sol® It
costs more at the start but less in
the end. It can grow with your
ability to use it. Sol is not cheap.
But it’s not a delusion either.

Sol small computers are at the
very top of the microcomputer

spectrum. They stand up to the
capabilities of mini systems
costing four times as much.

No wonder we call it the
serious solution to the small
computer question.

Sol is the small computer
system to do the general ledger and
the payroll. Solve engineering
and scientific problems. Use it for
word processing. Program it
for computer aided instruction.
Use it anywhere you want
versatile computer power!

Build computer power
with our software.

At Processor Technology we've
tailored a group ol high-level
languages, an assembler and other
packages to suit the wide
capabilities of our hardware.

Our exclusive Extended BASIC
is a fine example. This BASIC
features complete matrix functions.
It comes on cassette ot in a
disk version which has random as
well as sequential files.

Processor Technology FORTRAN
is similar to FORTRAN 1V and

has a full set of extensions designed
for the “stand alone” computer
environment.

Our PILOT is an excellent text
oriented language for teachers.

Sold and serviced only by the
best dealers.

Sol Systems are sold and serviced
by an outstanding group of
conveniently located computer
stores throughout the U.S.
and Canada.

For more information contact
your nearest dealer in the
adjacent list. Or write Department
B, Processor Technology,

7100 Johnson Industrial Drive,
Pleasanton, CA 94566. Phone
(415) 829-2600.

In sum, all small computers
are not created equal
and Sol users know it to their
everlasting satisfaction.

Processorlechnology



BASIC Programming for
Scientists and Engineers
by Wilbert N Hubin
Prentice-Hall Inc, Engle-
wood Cliffs, NJ 1978
$9.95 paperbound
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rial emphasizes the heuristic programming
school of thought, which favors the methods
that produce the maximum amount of inte/-
ligence, rather than those schools that try to
model human thought processes. Each chap-
ter in this section describes the terminology,
basic concepts, and techniques of the sub-
ject. The game playing chapter is useful for
readers interested in designing sophisticated
game playing programs.

These last chapters describe the most im-
pressive “‘intelligent” programs in several
fields: Guzman’s See, which analyzes and
recognizes solid geometric forms from a
video picture; Samuels’ checker playing pro-
gram, one of the most successful game play-
ing programs; the theorem proving Logic
Theorist and the General Probiem Solver
(both by Newell, Shaw, and Simon); Weizen-

baum’s Eliza and Raphael’s Sir, both written
to appear to understand conversational
English.

Each chapter ends with a complete bibli-
ography and a short set of exercises. A lot of
material is presented in a short space, and
the readability of the book varies with the
reader’s familiarity with the basic concepts
of the subject being presented. Except for
this one necessary shortcoming, the book
still manages to cover some of the most im-
portant ideas and programs in computer
science history. The section on biological in-
formation processing systems augments the
book’s value.

Gregg Williams
1605 Eastmoreland #3
Memphis TN 381048

With personal computers currently fol-
lowing a geometric growth curve, | think
BASIC wili become the Esperanto of the
cognoscenti; it nearly is now. Since the
professional community forms a large user
group, | feel the science and engineering
people will need the ability to work in other
languages besides the ubiquitous FORTRAN.

Mr Hubin’s fine book is one of the best

first books of BASIC that | have seen. It is
suitable for both the experienced pro-
grammers seeking to add BASIC to their
repertoires, and for the beginning science
students who need both computer and
technical problem solving experience.

The first portion of the book is devoted
to learning the language. The various state-
ments of BASIC are defined and iilustrated,
and there is a discussion of elementary ter-
minal usage as well as hints for using BASIC
in the most efficient manner. Each type of
statement has review questions and problems
for each subsection, and, for the insecure
among us, answers. Hints on troubleshooting
are a nice bonus for the newcomer, since it
takes a little ACL (accumulated computer
lore) before one develops a feel for de-
bugging code. Segments of programs show
just how code consisting of BASIC state-
ments can be used to accomplish the reader’s
purpose.

The chapter on flowcharting ably demon-
strates the fundamentals of this art, dis-
cusses their applications, and then provides
a diverse sampling of problems to sharpen
the reader’s skills. The author’s editorial on
flowcharting may even bring old hands back
to the fold of those who document programs
before they become operational. Handily,
once again, solution flowcharts are in the
appendix.

The concluding two chapters are devoted

to solving technical problems with a com-
puter. The problems deserve a mention here,
since they form a nucleus of problems suit-
able for a science course. Equations of mo-
tion, centers of mass, Hermite polynomials,
and others serve to show the student how to
apply the computer to classroom concepts.
The range of problems is superb, from simul-
taneous equations and least squares fit to
solutions of differential equations and error
analysis. Each application mastered will
mean a valuable addition to the reader’s
skills. The problems are drawn from the
gamut of the engineering ranks and the
physical sciences, and footnotes refer the
reader to the journals of science. Comple-
tion of these exercises will give the prac-
titioner a mastery of BASIC and a few
fundamentais of science.

The appendices offer a summary of
BASIC statements and the meaning of each.
There is a short example of terminal usage
employing a Digital Equipment Corp PDP-11
as an example. Especially handy is the sec-
tion on BASIC error messages, although it is
a bit brief. In familiarizing yourself with a
new machine or language, deciphering the
error messages is usually a headache. The
computer’s opinion of the defects in a
program is often expressed in a cryptic
manner.

While machines vary, beginners’ mis-
takes do not, and the common ones are
listed. In addition, there is a useful index.
The bibliography focuses on books applying
computers to the physical sciences. Through-
out the book, the print is well-displayed and
easy to read. If you are thinking of learning
BASIC, think of this book.

Noel K Julkowski
18755 Van Buren St
Salinas CA 93901 m




INTERTEC'S

INTERTUBE

VIDEO DISPLAY TERMINAL

ATTENTION RETAILERS:

InterTube Terminals are easy to sell
for one simple reason. They
outperform the competition so well
that it's embarrassing to have any
other terminal on display. Add to that
InterTube’s rugged design which
insures you of the reliability that
brings customers back. And modular
design engineering that makes
servicing a snap!

But best of all, the InterTube is
readily available. Just a quick call and
you’ll have units in stock.
Immediately! And our scheduled
delivery program will help you keep
them in stock.

Good margins, good service, good
delivery. Simple? You bet it is!
InterTube dealerships are now
available in many areas. Contact us
today and start selling from stock
tomorrow!

]

The InterTube Video Display Terminal
is truly representative of the latest
state-of-the-art advances in
microprocessor technology. Its basic
teletypewriter compatability
combined with its numerous "smart”’
terminal features satisfy the universal
requirement for a low-cost, high
performance video terminal.

You get everything you need for
cleaner input and faster throughput.
An upper and lower case character set
displayed on a sharp 8 X 10 dot matrix.
A full 24 line by 80 character screen. A
status line which is displayed in
half-intensity. A complete ASCI|
keyboard with an 18-key numeric pad.

You get full cursor addressing,
automatic repeat of all keys, individual
backspace and shiftlock keys. A
graphics mode to facilitate easy design
and display of all types of forms.

And you get everything your operators
need to make their jobs a pleasure. A
hooded display that cuts glare and

gives extra privacy. A wide bandwidth
monitor for sharp images everywhere on
the screen. Below-the-line character
descenders to make reading easier. A
programmable white-on-black or
black-on-white display, and a self-test
mode for easy maintainability.

You get high powered text editing with
such features as character and line
insert/delete, full and/or partial block
transmit, programmable end-of-line
terminators, and protected fields. All
standard. And all for a retail price you
won't believe . . . only $874. Incredible!

Corporate Headquarters: 2300 Broad River Road @ Columbia, South Carolina 29210 e 803 / 798-9100 ¢ TWX: 810-666-2115
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Sources of Numerical Error

Daniel R Buskirk

POB8 211

The Rockefeller University
New York NY 10021

About the Author

matics and zoology. His current professional interest fs the application of

A growing number of microcomputer
enthusiasts are finding the need to perform
control operations, evaluate complicated
mathematical expressions and analyze statis-
tical data. !n short, many hackers want
to tackle problems conventionally left
to larger computers. To do this, they must
become acquainted with error analysis.

Programmers need to be concerned
about errors in any program involving the
evaluation of a function or algebraic ex-
pression, or one which involves a large
number of simple but repetitive operations.
Even in control applications, it is often
critical to be aware of the potential for
error.

What do we mean by error? The numer-
ical analyst, a professional mathematician
involved with the design and analysis of
numerical algorithms, recognizes three dis-
tinct types of error. The first is the blunder,
which is not an error at all in the mathe-
matical sense. A blunder is a gross error: a
mistake in program logic, a typographical
error, or perhaps only a misplaced decimal
point. The mathematician, like the rest
of us, must shrug his shoulders at a blunder,
and hope to do better next time. Blunders
need not concern us here.

Certainly blunders account for the vast
majority of errors; but what other types of
errors are there if we ignore blunders? One
type is the truncation error. For example,
take the infinite series representation of the
function sin(x):

3 5
sin(x) = 2~ X + X
1 31 5!

Daniel Buskirk is currentfy a graduate fellow at Rockefeller University,
where he s studving neurabiology. He has a bachelor's degree in mathe-

mathematical and computer methods to the study of neuronol structure.
When not working, he enjoyvs phiotography, plaving the piano, and, of course,

fiddling with microcomputers.
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If we were to use this relation to evaluate
sin(x) in a computer, we could not carry
this series on forever. Whenever we stop,
we have failed to evaluate the remaining
terms in the expression, or truncated the
series. Those who understand a little calcu-
lus will recognize that this series converges,
that is, it gets arbitrarily close to the correct
value when sufficiently many terms are
calculated. But there must always be a
small but finite truncation error (if this
computation is carried out on a digital
computer).

Another calculation involving truncation
error is the evaluation of integrals using the
trapezoidal rule. Though an infinite series of
trapezoids, each approaching zero width,
will give us the area under the curve (its
definite integral) exactly, any computer
evaluation must settle for a finite number of
trapezoids. Thus there will be truncation
error. To be sure, it is generally possible to
avoid the consideration of truncation error
by simply requiring that the truncation
error be less than the precision of the whole
calculation. However, the clever programmer
recognizes that there are usually several
different infinite series representations of
any function. Often, one of these series will
require significantly fewer terms to come
within the required precision.

The error of most concern to numerical
programmers is not truncation error but
rather roundoff error. Since the word length
in most computers is fixed, any number
that exceeds this length must be rounded
off before it can be stored in the computer's
memory. This error is the most significant,
so we shall consider it in more detail.

Although almost all “big"” computers
store numbers in binary digits, the following
examples are given in base ten because it is
more familar (and it is similar to the binary
coded decimal format often used in micro-
computer floating point packages).

Most computers store a real number by
breaking it down into a mantissa and an
exponent, much like scientific notation.
A word which looks like this:
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Bit Pad Bit Pad Omne
Bit Pad Bit Pad Onc
Bit Pad Bit Pad O
Bit Pad Bit Pad Oqne
Bit Pad Bit Pad Onc
Bit Pad One
==, | Bit Pad Omne
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Bit Pad™ is the low-cost digitizer for smali computer systems. Better than a
joystick or keyboard for entering graphic information, it converts any
point on a page, any distance into its digital equivalents. It's also a menu for
data entry. You assign a value or an instruction to any location on the pad.
At the touch of a stylus, it's entered into your system.

Who can use it? Anyone from the educator and the engineer to the hobbyist
and the computer games enthusiast. The data structure is byte oriented for
easy compatibility with small computers, so you can add a power supply,
stand alone display, cross-hair cursor and many other options.

Bit Pad by Summagraphics. The leading manufacturer of data tablet digitizers.
Bit Pad. The only words you need to say when considering digitizers.

$1,000 creativity prize. Just write an article on an original Bit Pad application
and submit it to any national small-computer periodical. If the editors publish
it—and the decision is solely theirs—Summagraphics will pay you $1,000.
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mantissa exponent

would represent the real number 0.7352 x
105 or 73520. Now, if we wish to store a
number larger than four decimal places, we
must round it off. (It is true that our ex-
ponent here is limited to two decimal
places. Any exponent with three or more
places in this case represents an overflow
condition. Since overflow is generally easily
avoided, we will not discuss it here.) Con-
sider the numbers 8,931,724 and 0.761253.
In the first case, rounding off to 0.8931 x
107 represents an error of 724. The error
in rounding the second is 53 x 106, Thus,
it is most common for the numerical analyst
to speak of relative error rather than abso-
lute error. In this case, both errors will be
on the order of 10~4 of the value being
stored in memory.

If this error seems trivial, let us look at
an example, albeit a contrived one (more
realistic examples will be examined later).
For instance, if we wish to evaluate the
expression:

1
a-b

where a = .89136 and b =.89134. Rounding
a and b and subtracting, we get 10,000
rather than 50,000, the correct answer.
Thus our answer was off by a factor of
five even though our round off error was
very small. It might be argued that double
precision calculation would have eliminated
the problem completely. Clearly, accuracy
increases with increased word length, but
roundoff never disappears. Since some hand
calculators use up to 13 decimal digits in
storing numbers while displaying ten digits,
we might expect them to have “more than
enough” accuracy. But in many engineering
and statistical problems, calculators can
make significant errors. The reader con-
cerned with calculator accuracy might wish
to read the short article by Bernard Cole in
the November 25 1976 issue of Electronics.
The reason for the problem with round-
off, even with 13 digit accuracy, is the
situation most frustrating for numerical
programmers. Roundoff occurs at every
step of any program. In a very long program,
roundoff error may have been introduced
many millions of times. This error may
propagate itself and accumulate into a very
large error in the result. Programs in which
this propagation of error is likely to occur
(finding the inverse of a large matrix, for

instance) are generally so complicated
that it is impossible to predict precisely
what the effect of constant rounding off
will be. Often the numerical analyst resorts
to probability theory to get an idea of how
much error is likely to be in the results.
Errors often become critical when func-
tions are calculated. Let us assume we have a
value for the variable x stored in memory.
There is some error associated with x
(perhaps roundoff error, or maybe x is the
result of a physical measurement). We'll call
this error 8. Thus x = x4 + §, where X, is the
unknown true value of x. |t may be very
easy to calculate some function of x, f(x),
but what is the error of the result? Let us
define the error of the result as €, Then:

f(xo) + € = f(xg +8)

If we know our initial error § is small,
we would like to assume the error € is
small as well. If the function is simple, or
involves only one variable, we can be confi-
dent the resulting error is not large if neither
& nor the derivative of the function at xg is
large. But what about functions of more
than one variable? What about complex
algorithms such as the solution to simul-
taneous equations, often done using a
process mathematicians know as Gaussian
elimination? Very often, small errors in the
input values will yield results which are off
by a significantly large amount. So large,
in fact, that the results are worthless and the
programming is futile. This situation is dis-
tressingly common in everyday problems in
science, engineering and the social sciences.
Numerical analysts call a problem wel/
posed if small errors in input still result
in a reliable answer. However, even a well
posed problem can be solved inaccurately
if the programmer has not chosen his algo-
rithm cautiously.

With all this talk about errors, what can
be done? |s there any hope at all of obtain-
ing consistently reliable results? Unfortu-
nately, there are no general methods, How-
ever, the programmer who is aware of how
errors can occur is in a better position to
compensate for them. For instance, let's
look at the general quadratic equation:

x2+2bx+c=0

[Note: The expression on the left side of
this equation is equivalent to the familiar
form used to generate the quadratic formula,
ax2 + bx + c. However, it leads directly to
the computationally simpler form of the two
roots X1 and X3 ... CM]




If we have a computer of word length t,
we might reasonably hope to solve for x by
using the formulas

Xy = —b+ 1vhlbz—c
Xy = —b— \||b2—c

These formulae work well in most cases, but
the astute programmer should notice that
there is a problem if b <0 and

Icl =T
— <10~
b2

In that case:
X9 =—~b— V b2—c

will give an erroneous result. A programmer
who tests for this condition can then cal-
culate the correct result simply, using the
relation

X2 =c/xq

For another example, consider the
experimenter who wishes to record the
temperature of his home hourly, 24 hours
a day, and print out the average of the last
24 readings (perhaps he also wants to exe-
cute some control operation based on this
average). Being inclined toward efficiency,
this fellow decides that after having added
24 readings for the first average, for each of
the succeeding averages he need only add the
newest reading and subtract the oldest from
his running total, rather than read all the
readings every hour. What might happen
here is that small errors which occur during
the arithmetic are never disposed of and can
accumulate without any upper limit. Perhaps
the error might eventually become as large
as the measurement itself! {f this programmer
were not quite so “efficient’’ and calculated
using the last 24 readings each hour, the
error would be, at most, 24 times the error
for each data point.

Folk wisdom claims, “There’s more than
one way to skin a cat.” Likewise, there's
more than one way to do most calcula-
tions. A+B—A does not always equal B to
a computer. Algebra tells us that A(B+C)
= AB+AC, but again, the computer some-
times disagrees. It is the programmer’s
responsibility and challenge to understand
his algorithms and to choose them wisely.
The reward for the trouble is results he can
trust!m
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The purpose of this article is to compare
some of the encoding schemes which might
be used for bar code software. The three
most important characteristics of an encod-
ing scheme are:

® Packing efficiency: how many data
bytes per printed page.

e Vulnerability to wand speed changes
and other timing errors.

e Number of storage bytes required for
timing information, assuming post
read processing of timing data.

Other less important factors include human
readability and the constancy of DC output
level.

Three methods have previously been de-
fined in “A Proposed Standard for Pub-
lishing Binary Data in Machine Readable
Form,” by Walter Banks and Car! Helmers,
November 1976 BYTE, page 10: bar width
modulation (format 1), ratio recording
(format 2), and fixed gap bar width modu-
lation (format 3). The other schemes listed
in table 1 include frequency modulation
(FM), phase encoding (PE), nonreturn
to zero inverted (NRZI), synchronized non-
return to zero inverted (SNRZI), modified
frequency modulation (MFM), group coded
recording (GRC) and zero modulation (ZM).

A Comparison of

Bar Code Encoding Schemes

In phase encoding (PE), a 1 is represented
by a transition from white to black and a 0
by the opposite transition. Additional transi-
tions are added to account for successive 1s
or 0s. The frequency modulation (FM) en-
coding method provides a transition in either
direction at every bit boundary, and an addi-
tional transition to mark each 1. The result-
ing code is very similar to that created by
the phase encoding method, since both pro-
vide timing information at least once per bit.

The nonreturn to zero inverted (NRZI)
encoding scheme generates a black to white
(or vice versa) transition for every 1. The ab-
sence of a transition denotes a 0. This
method has the disadvantage that no timing
information is generated during a string of
0s. The synchronized nonreturn to zero in-
verted (SNRZI) method adds a 1 to every
byte to guarantee at least one piece of tim-
ing information per byte. If the redundant
clock transitions are eliminated from the fre-
quency modulation code, the number of
transitions per bit is halved, doubling the
possible density of data for a given minimum
module width; this is modified frequency
modulation (MFM).

Zero modulation (ZM) and group coded
recording (GCR) are modifications of the
nonreturn to zero inverted method which
are designed to guarantee timing information
at least once every two or three bits, respec-
tively. In group coded recording, each 4 bit

Table 1. Comparisons of various encoding schemes. Overheads such as parity and sync bytes
were not included in the packing density calculations. The maximum timing bytes per data bit
were determined assuming perfect bar codes and do not allow for such problems as dirty bar

codes.
Packing density Timing tolerances Memory requirement
A dat bsoluate timi . -
Encoding scheme bi:e;:g:ti:na Data bytes ﬁﬂ:?az:: MINS1 wand speed | Constant DC Maxnmum_tlmmg bytes
(“modules’) per page ("modules’) tolerance level per data bit
Format 2 3 1170 0.5 25% No 2
Format 3 2.5 1400 05 25% No 2
FM/PE 2 1750 0.5 25% Yes 2
Format 1 1.5 2330 0.5 25% No 1
NRZI 1 3500 0.5 6% No 1
SNRZI 1.125 3100 0.5 10% No 1.125
MFM 1 3500 0.25 12.5% No 1
GCR 1.25 2800 0.5 16.7% No 1.25
ZM 1.125 3100 0.25 12.5% Yes 1.125
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The TARBELL Connection

. In an eftfort to otfer products that meet the continually changing demands of the microcomputer
industry, TARBELL ELECTRONICS is pleased to offer immecdiate delivery of these quality components
and operating software. All TARBELL products are available from computer store dealers everywhere.

Tarbell Floppy Disk Interface

Plugs directly into
your IMSAI or
ALTAIR and handles
up to 4 standard sin-
gle drives in daisy-

chain.
Operates at standard
250K per second

on normal disk for-
mat capacity of 256K
bytes.

Works with modified
CP/M Operating Sys-
tem and BASIC-E
Compiler.

® Hardware includes 4 extra IC slots,

built-in phantom bootstrap and on-
board crystal clock. Uses WD 1771
LSI chip.

® Full 6-month warranty and extensive

® Capable of generating Kansas City tapes.

® No modification required on audio cassette recorder.
® Complete kit $120
® Manual may be purchased separately . ............ $8.

documentation.
Kit $190 . . ... .. Assembled $265.

Specify drive for assembled units.
Complete disk subsystems with opera-
ting software available. Please inquire
for details.

Tarbell 32K RAM Memory

32K Static Memory
$-100 Bus Connector

9 regulators provide excellent heat distribution.

Extended addressing (bank switching.)
Phantom line.

Low power requirement.

20-Page operating manual.

Full 1-year warranty.

Assembled and tested full price only $625

16K version also available, assembled and tested only $390.

Tarbell Cassette Interface
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Plugs directly into your IMSAI or ALTAIR.

Fastest transfer rate: 187 (standard) to 540 bytes/second.

Extremely reliable—Phase encoded (self-clocking).
4 extra status lines, and 4 extra control lines.

37-page manual included.
Device code selectable by DIP-switch.

® Full 6-month warranty on kit and assembled units.
Circle 360 on inquiry card.

Assembled $175.

Tarbell Disk BASIC

Runs on 8080, 8085 or Z80

Searches a file quickly for a string.

Up to 64 files open at once.

Random Access.

Assignment of 1/0.

Alphanumeric line labels allowed.

Read and Write string or numeric

data.

Unlimited length of variable names

and strings.

° Prlocedures with independent varia-
bles.

® Number system 10 digits BCD inte-
ger or floating point.

® Chain to another program.

® Causc programs to be appended on-
to programs already in memory.

® Cause interpreter to enter edit mode
using 15 single character edit com-
mands,

Occupies 24K of RAM. Tarbell BASIC

CP/M and BASIC-E on disk with

ManualSax : & ne aelslne Stai-(« 1 $100.

=
et bt Cligs ﬂ

1 R e % |
Tarbell Cassette BASIC
Includes most features of ALTAIR Extended BASIC, plus
these added features:
® Assignment of 1/0.

Alphanumeric line labels.

Unlimited length of variable names and strings.

Number system 10 digits BCD integer or floating point.

Procedures with independent variables.

Read and Write string data.

Multi-file capability.

Full price with complete documentation . . .. ........ $48.
Prepaid, COD, or cash only. California residents please add
6% sales tax.

ALTAIR is a trademark/tradename of Pertec Computer Corporation
CP/M is a trademark/tradename of Digital Research

[
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CARSON, CALIFORNIA 90746

(213)538-4251 » (213) 538-2254
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Technical Forum is a fea-
ture intended as an interactive
dialog on the technology of
personal computing. The sub-
ject matter is open-ended, and
the intent is to foster dis-
cussion and communication
among readers of BYTE. We
ask that all correspondents
supply their full names and
addresses to be printed with
their commentaries.

unit of data is mapped into a unique 5 bit
word chosen to assure no more than two
consecutive Os. In zero modulation each bit
is mapped into two bits and the result en-
coded in nonreturn to zero inverted format.
The net result is comparable to that pro-
vided by group coded recording with the
advantage, useful in the magnetic recording
field, of a constant DC level.

All these schemes can be handled rela-
tively simply in software. The deciding fac-
tor should be made on other grounds.

Table 1 compares the number of data
bytes which can be printed on an 8.5 by 11
inch (21.6 by 27.5 c¢cm) page, assuming a
narrow bar width of 0.014 inches (0.04 cm)
and a line to line spacing of 0.15 inches
(0.38 c¢m). Several of the methods listed will
provide between 2500 and 3500 bytes per
page. Since packing density is not particu-
larly critical in this application, the choice
should be made on the basis of the remain-
ing and crucial criterion: vulnerability to
wand speed changes and other timing errors.

It is in this area that the requirements of
hand held opticai reading diverge from those
of machine driven magnetic recording. In the
magnetic recording field, short term varia-
tions of the relative velocity between the
medium and the head are held to a mini-

Some things are just
naturally right.
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tiny-c Is a structured programming longuage designed
to allow you fo focus attention on the problem you
want to solve — rather than the longuage you're using
to solve it. With tiny-c you can expand your horizons

far beyond the limits of BASIC. The finy-¢ Owner's

Manual {including 8080
and PDP-11 source code) is $4 0

Machine readable copies of the

interpreter are available on selected media,

To ordar your finy-c Owner's Manual call or write:
ﬂrw G associales, PO, Box 269, Holmdal,

N G?TEB (201} ETI—EEBE

Circle 365 on inquiry card.

mum. The designer’s main concern is with
the absolute value of the permissible phase
error; ie: the amount by which timing error
may apparently move a transition before
playback errors occur. The speed of a hand
held wand may vary widely from place to
place on the data track. In this case we are
concerned with the permissible percent
speed change which can occur between two
transitions relative to the average speed over
the previous few transitions. This may be
calculated as the percentage ratio of the per-
missible phase error to the maximum time
which can occur between transitions.

Table 1 expresses the timing tolerance of
each scheme in terms of the permissible
speed change and the absolute timing error.
Since the modified frequency modulation
and zero modulation methods have to dis-
tinguish between bars which are 1, 1.5 and
2 modules wide, they are both twice as sensi-
tive as the others to absolute errors such as
printing tolerances, and may be rejected for
bar code printing for this reason.

The choice between the remainder may
be made on the basis of a compromise be-
tween packing density and speed tolerance.
The percent speed variations listed in table 1
are permissible only in the ideal case, in
which printing tolerances and other timing
errors are zero. In real life, short term con-
sistency of wand speed is more critical than
table 1T makes it appear to be. ASClI code
printed by the nonreturn to zero inverted
method can have eight successive zeros, even
if the null character is not permitted. This
leads to a very low speed change tolerance.
The synchronized nonreturn to zero in-
verted method reduces the number of con-
secutive zeros to five by introducing an extra
1 per byte. Nevertheless, the speed tolerance
is still low and both methods may be elimi-
nated for this reason.

Of the remainder, group coded recording
has the greatest packing density, by 20 per-
cent, but the others have a 50 percent
greater tolerance to speed variations. It is
questionable whether the software complica-
tion and lower speed tolerance of group
coded recording are worthwhile in this appli-
cation.

This leaves frequency modulation, phase
encoding, bar width modulation, ratio re-
cording and fixed gap bar width modulation
as alternatives, All these methods have the
same speed and absolute timing tolerances.
The choice may be made on the basis of
packing density. The bar width modulation
method comes out far ahead of the other
methods. Bar width modulation is the logi-
cal choice for the encoding of printed soft-
ware intended for recovery by a hand held
light wand.m



BYTE's Bugs

Puzzling Machine Language Puzzler

The ‘‘Machine Language Puzzler”
in BYTE January 1979, page 52 was
very interesting. However, | must dis-
agree with the author’s detailed analysis
of how the program works. It is a CALL
FFFD instruction located at address
FFFD which repeatedly calls itself,
pushing a return address of 0000 on
the stack, until all of memory is zeroed
including the program itself.

Let's take a detailed look at what
happens after memory locations 0001
through FFFC have been zeroed. First,
the CALL FFFD instruction is fetched
from locations FFFD, FFFE, and FFFF.
This causes the program counter to
be loaded with FFFD, and Os are written
into locations 0000 and FFFF. At
this point the CALL instruction has
been changed to a CALL 00FD, but the
program does not yet branch to address
00FD as stated. The next instruction is
still fetched starting at address FFFD,
since the CALL FFFD was fetched from
memory before location FFFF changed
from FF to 00. Now the CALL O0FD is
fetched, Os are written into locations
FFFE and FFFD, and the program starts
executing NOPs at address 00FD. Note
that no NOPs are executed at
all unti!l all of memory has been zeroed.

In the case where memory only
exists at addresses 0000 to O0FF and
FFO00 to FFFF, operation of the pro-
gram is very complex. It proceeds as
above through zeroing a// existing mem-
ory and branching to a NOP at 00FD.
When the FF (RST 7) is executed at
location 0100, a 0101 is pushed on the
stack at locations FFFC and FFFB.
Memory continues to fill up with 0101s
until a 01 is written at location OOFF.
Starting at this point the return address
pushed on the stack may be 0101, 0102,
or 0103 depending on whether the
RST 7 is executed at 0100, 0101, or
0102. Remember that one or two bytes
of FF may be read as data of a LXI B,
data instructions. The program ends up
executing a complex sequence of LXI B,
STAX B, and INX B instructions in a
loop starting at address 0038 and ending
with a RST 7 instruction at 0100, 0101,
or 0102. The program will keep changing
itself as the stack wraps around forever.

It is still an interesting program. The
net effect, in the first case, is still the
same. | wonder if a similar program that
zeros out all of memory including itself
exists for other microprocessors as well?

Keith Rubow
18454 Bellefont Dr
Azusa, CA 91702 ®
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Not j'ust a machine

that emulates one.

The Pascal engine doesn't merely interpret P-Code, its instruction
setis P-Code. This powerful computer runs the full UCSD Pascal
Operating System and includes all of the following items:

® Pascal microengine™ with 32 bit FLOATING
POINT instructions including floating point
MULTIPLY & DIVIDE with provision for expanding
instruction set to include double precision.

@ 64K bytes (32K words) of RAM

expandable to 128K bytes. (64K words)
® FLOPPY DISC CONTROLLER with

direct memory access (DMA)
switch selectable for:

== single, or double density
== 8" floppy or mini floppy

== 1 to 4 drives (same type)

® Complete UCSD Pascal Operating System

==PASCAL compiler
==BASIC compiler

==File Manager
== Screen oriented editor

=GRAPHIC package ==Debugger

® Two RS-232 asynchronous ports

(110-19,200 baud)
@ Two 8-bit parallel ports
® Auto test microdiagnostics
@ Documentation

$2900 Complete with stylized low profile housing

and power supply

Special Introductory price $2500 through 4/30/79
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About the Author

Randy Smith is em-
ployed by Semionics

Associates as the design
engineer for the REM
S5-100 board and is the
coinventor of REM. His

Smart Memory

There is a useful distinction being made
today between two types of display termi-
nals: so-called '‘dumb’ terminals perform
the necessary functions of data reception,
transmission, and display. Their intelligent
counterparts, however, are capable of per-
forming sophisticated data manipulations on
their own, relieving the host processor of
some of the routine burden. The same dis-
tinction could be drawn from memory
systems. In most machines the memory
component forms a passive blackboard:
its function, the principal one of any mem-
ory, is to remember. Yet memory systems
can be built which take a more active pro-
cessing role.

What kinds of things could a smart
memory do? The normal random access
memory has unique addresses for its cells,
and an address must be provided to read

personal interests in- e k .
T T or write information, one cell at a time. The
gence  research, es- conf:ept of address or location as a necessary
pecially language com- attr‘lbu'te of content may be difficult for
prehension. beginning programmers to grasp. A far more
palatable idea to the human thinker is that
words, shapes, or sounds serve to ‘‘call up”’
the information associated with them.
Suppose we distribute some intelligence
throughout our special memory system,
animating it by changing each memory
word into a demon. These demons are
jumbled about together in a darkened cave,
and their principal characteristic is that they
R et e
MASK o SiSELECT iin: ) )
e
L S B N
FNCODE M | I
| | TOOK.ceveee- | HAMMER.... | BALL-PEEN. | 25 |—] 1
(EXACT MATCH) lL _:
T
COMPARAND x HAMMER. . ___ X X
X =DON'T CARE
EaavArs | ClAssipicaTion | eROuP suatype | JUAN

Figure 1: An example of full word parallel information retrieval.
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Part |

recognize when they are being spoken about.
Aside from that, they are rather lazy, work-
ing only when standing up, and sitting down
for a snooze at the earliest opportunity. For
example, our demons might represent inven-
tory information for a hardware store.

“Alright, everybody on your feet!"
(Otherwise nobody would pay
attention.)

“l want anyone who knows anything
about hammers."”
(There is a resounding thud as all
sorts of appliance demons, chain-
saw demons, etc sit down and

resume their naps.)

“Specifically, ball-peen hammers.”
(Claw hammer and jackhammer
demons drop out, leaving, in this

example, one solitary demon.)

“How many do we have on hand?”

We did not need to. know where the
demon was who answered us. A reply to our
query emanated from the mouth of the cave.
We don't even know how many demons lurk
inside — since all demons work simulta-
neously, we got our answer in a time inde-
pendent of their number. Consider what this
means for information retrieval: if the pre-
ceding “program’’ takes N microseconds
for a file of 10 inventory items, and the file
grows to 10,000,000 items, the processing
time required is still N microseconds. Therein
lies one of the most tantalizing aspects of a
memory system like this — adding more
information (more memory) improves sys-
tem performance:

® More items are processed in the same
time;

® There are no address space saturation
or segmentation problems, since ad-
dresses are not used — a single bit
signal (on/off) can distinguish accesses
to this memory from normal addressed
memory requests.

A memory having qualities like those just
illustrated is called an associative memory or
CAM (content addressable memory). Not
too surprisingly, associative computer mem-
ories in varying forms have been proposed
many times before. The reasons why people



w
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- e 3 a4 o I Ww 4 ETC (1 (2) (3} {a) (5) (6) (7) 8 & (10}
- - ENGINEER 45| F BLD| BL| - - 1 1 o| 0 oOjo0ojloflo]o 0
- - SECRETARY | 33| F - - - 1 o|j0foO olO0O)jo|loO]| O 0
= = = S - - - - 1 o(0)|0 ojo0|J]0j0(oO 0
JACKSON | SUE - - - - - - - 1 ol 0] O ofojojo}|oO 0
- - JANITOR 50| M - - |8/78| — 1 0 o0 ojJ]o0o|J0]0|O 0
- - MANAGER - - = - - 1 o(O0]| O oOjJo0O|loO|O]]O 0
JONES MIKE | ENGINEER 38| ™M BR | BR| — - 1 1 1 1 1 1 o|lo0]| O 0
- - - -1 F - - - - 1 0 [ ) ojo0j0]j0O0]| O 0
- - ENGINEER 41 | M BR | BL| - = 1 1 1 0 ofo)JojJo]|oO 0
— — — = - - - - 1 ofojo)jofoOofoOo]|jO]|O 0
JETER BOB ENGINEER 27 | m BR | BR|5/78 | - 1 1 1 1 1 1 1 1 1 1
(1) SET 6) AGE > 25 ) )
{2) JOB = “ENGINEER" - Figure 2: When selecting a
(3] HAIR = “BR"" final response, check that
{4) EYES="BR" TNAME,FIRSTNAME) one of the response bits
(5) LASTNAME = “J?2222?" ( is still set after all ques-

(including the author) ‘‘reinvent” the con-
cept with some regularity are twofold: the
descriptions of this form of memory rarely
make it past technical parallel machine
architecture symposia or journals into the
more commonplace world; and the beauty
and power of a memory that can by its very
nature eliminate or ease searching, sorting,
table lookup, and pattern matching is so
striking—the idea is so natural in human
terms that it occurs to many individuals.

Figure 1 shows a conceptual associative
memory word holding information from the
previous example. It can be seen that along
word is desirable to store related data. Exact
match was the only comparison function
used (and is the basic, sometimes only, asso-
ciative function available in the integrated
circuit forms of this memory). A mask is
applied to all the words and selects the part
of the words to be treated (either matched
against, or read out). The comparand is the
common information that all words test.
Due to the length of associative words, some
real designs compare the words with the
comparand one bit at a time (bit serial, word
parailel). This reduces the amount of com-
parison logic and the size of the data paths
to reasonable levels, although a full word
comparison takes longer.

Comparisons are usually over lengths
much less than the full word size, so the
compromise is a good one. With each word

there is one separate bit of information for
the response status, called the tag. The SET
function forces the tags to their responding
state (1), thereby activating all words ini-
tially. A good survey of associative memory
articles and architectures is found in Yau
and Fung. There is also a new, easy to follow
book on the subject by Foster (see biblio-
graphy). The full word parallel design of
figure 1 will be used for the examples, since
it is the simplest conceptually. A more
practical architecture that can be built for
an S-100 computer will be outlined in part 2.

Selection

More intelligence can be added to our
demons.

“Everybody up!"
(1) SET — Load personnel file from
diskette.

“Who, in my employ, — an engineer,
brown hair and eyes,
(2) JOB = “‘engineer”
& (3) HAIR = “br”
& (4) EYES = “br”
last name ) ... ' something, between

25 and 30 years old — has been dating
my daughter?”

Text continued on page 58.

tions have been asked and
answered.
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Fursmur SWTﬁ-’Bﬁ(ﬁﬁn;ﬁuler . . -T., =
'PERCOM's™
H.OPPY HIS&SYSTWI

Ready to plug in and run the moment you receive
it. Nothing else to buy, no extra memory. No
“booting” with PerCom MINIDOS™, the remark-
able disk operating system on EPROM. Expand-
able to either two or three drives. Outstanding
operating, utility and application programs.

For more
information
see your local
PerCom dealer
or call
toll free
1-800-527-1592

fully assembled and tested
- ‘shipping paid

PER[}UM]

PERCOM DATA COMPANY, INC.
Dept.B 318Barnes Garland, Tb:as 75042

(214) 272-3421
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For the low $599.95 price, you not only get the disk drive, drive power
supply, SS-50 bus controller/interface card, and MINIDOS™, you also
receive:

e an attractive metal enclosure e a fully assembled and tested inter-
connecting cable e a 70-page instruction manuat that includes operat-
ing instructions, schematics, service procedures and a complete list-
ing of MINIDOS™ e technical memo updates — helpful hints which
supplement the manual instructions e a 80-day limited warranty.

SOFTWARE FOR THE LFD-400 SYSTEM
Disk operating and file management systems

INDEX™ The most advanced disk operating and file management
system available for the 6800. INterrupt Driven EXecutive operating
system features file-and-device-independent, queue-buffered
character stream 1/0. Linked-file disk architecture, with automatic file
creation and allocation for ASCII and binary files, supports sequential
and semi-random access disk files. Multi-level file name directory
includes name, extension, version, protection and date. Requires 8K
RAM at $A000. Diskette includes numerous utilities . ....... $99.95
MINIDOS-PLUSX An easy-to-use DOS for the small computing sys-
tem. Supports up to 31 named files. Available on ROM or diskette
complete with source listing................ ... ... oo $39.95
BASIC Interpreters and Compilers

SUPER BASIC A 10K extended disk BASIC interpreter for the 6800.
Faster than SWTP BASIC. Handles data files. Programs may be
prepared using a text editor describedbelow .............. $49.95
BASIC BANDAID™ Turn SWTP 8K BASIC into a random access data
file disk BASIC. Includes many speed improvements, and program
disk CHAINING ... ..ottt $17.95
STRUBAL +™ A STRUctured BAsic Language compiler for the pro-
fessional programmer. 14-digit floating point, strings, scientific func-
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor
(see below). Use one of the following text editors to prepare programs.
Complete with RUN-TIME and FLOATING POINT packages $249.95

Text Editors and Processors

EDIT68 Hemenway Associates’ powerful disk-based text editor. May
be used to create programs and data files. Supports MACROS which
perform complex, repetitive editing functions. Permits text files larger
than available RAM to be created and edited . ............. $39.95

TOUCHUP™ Modifies TSC's Text Editor and Text Processor for Per-

Com disk operation. ROLL function permits text files farger than

available RAM to be created and edited. Supplied on diskette com-

plete with source listing .....................ccooua.... $17.95
Assemblers

PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options
at time of assembly with this symbolic assembler. Source listing on
diskette .. .......c. i e $29.95
MACRO-RELOCATING ASSEMBLER Hemenway Associates'
assembler for the programming professional. Generates relocatable
linking object code. Supports MACROS. Permits conditional
aSSeMbIY . ... e $79.95
LINKAGE EDITOR — for STRUBAL +™ and the MACRO-Relocating
assembler ... e $49.95
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file ............ $29.95
Business Applications

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts.
Financial information immediately available — no sorting required.
Audit trail information permits tracking from GL record data back to
source document. User defines account numbers ........ $199.95
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power-
ful search, sort, create and update capability . ............. $99.95
PERCOM FINDER™ General purpose information retrieval system
anddatabasemanager ..............oeiiiienriiieiae.. $99.95
™ trademark of PERCOM Data Company. inc

Ordering information
To order, cali toll free 1-800-527-1592. MC and VISA welcome. COD
orders require 30% deposit plus 5% handling charge. Allow three
weeks for delivery. Allow three extra weeks if payment is by personal
check. Texas residents add 5% sales tax.

PERCOM ‘peripherals for personal computing’

Circte 301 on inquiry card.



Circle 301 on inquiry card.

*Trademark of Tandy Corporation.

| Dual and triple drives
% also available.

255
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PERCOM]

Requires 16K RAM,

Level Il BASIC and PERCOM DATA COMPANY, INC.
Expansion Interface. Dept.5 318 9?;;‘;527ggr"182r;d,Texas 75042

To Order Cali 1 -800-527-1592

*RADIQ SHACK and TRS-BO are trademarks of Tandy Covpatahon which has no mahomnw {o PLRCOM DATA COMPANY. INC.
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Text continued from page 55:

&

& (6) AGE > 25
& (7) AGE <30
& (8) SEX = “m”

“Has he had a raise lately?”
(9) READ(LASTNAME,
FIRSTNAME)
(10) READ(LASTRAISE)

Figure 2 shows another cxample of in-
formation retricval, this time with a person-
nel file, and again with a single demon
finally selected. Response of the demons is
shown after cach step. Any of the relational
comparisons as well as exact match can be
added easily to the function sct. Information
has been broken down into ficlds and field
lengths the user deemed most valuable.
Since this word format can be stored on
floppy disk with the data, the driving pro-
gram or opcrating system has casy acccss
to it and can manipulate the mask to select

Command

(1} SET

(2) MW FL1,FL2,FL3,FL4,0F 16

(3) ADD LASTMO TO STD
(4) REGION ='W’

(56} STD > 100

(6) MW FL1,0

(7) SET

(8) REGION = 'E’
(9) STD > 75
(10) MW FL2,0

(11) SET

{(12) REGION = 'C’
(13) STD > 50
(14) MW FL3,0

(15) SET
(16) FL1,FL2,FL3 =111,
(17) MW FL4,0

(18) SET
(19) FL4 =1
(20) QUERY

(21) JUMP Z, (26)

(22) READ{LASTNAME,FIRSTNAME)
{23) PRINT{LASTNAME,FIRSTNAME)

(24) NXT
(25) JUMP (20}
(26) END

Table 1: A complete in-
formation  processing
example with parallel
update, and the use of
disjunctive sets.

Action

Activate all words.

Initialize all four flags at once.”
STD<STD + LASTMO for all words.
Select western region salesmen.

FL1 = 0 marks the members of this
group with sales to date over $100,000.

Eastern region salesmen with sales to
date over $75,000.

Central region salesmen with sales to
date over $50,000.

All salesmen not included in the three*
subsets above have FL4 =0.

The union of the three subsets
Any members left in this set?
Transfer to statement 26 if not.

Read the specified fields of the first
responder and print them.

Turn off first responder {select next
onel.

the field requested for ecach operation. A
top level program could be as utterly read-
able as the one given with the example.
So far, only the first step in utilizing infor-
mation in the associative memory has been
illustrated — the selection process. The over-
all set of entries is logically reduced by
selection criteria to the subset of interest.
Members of the smaller set may now be up-
dated in parallel, or read out (in part, if
desired) on some priority basis; the former
involves parallel writing of the associative
words, and the latter, responder resolution
(when there is more than onc answer).

Multiwrite

Now that the demons we want are on
their feet, what kind of work can they do
besides checking their description? They can
all be told to change it at the point specified
by the mask (ie: all responding words can
be made to change their values at once to
the value on the comparand bus). This
process of writing a common datum, in
parallel into all responding words, is called
multiwrite responders by Foster, and he calls
associative memories possessing this ability
CAPPS {content addressable parallel pro-
cessors). Whole sets of items can be updated
(eg: marking certain bills as paid), or, if the
selection criterion is known to produce a
unique result, more specific information can
be written (change John Q Williams job title
to manager).

Again, we can be sending these associ-
ative write commands into the interior of
a dark cave. We know which demons are
reacting, but we don’t know where they
are, nor do we care. The nearest use of
address information occurs when the mask
is changed to operate on a specific field
(whose relative location inside each word
has been previously established).

By setting the mask to enable the writing
of only a single bit {or bits), parallcl program
flags can be kept with cach word, recording
the word’s membership in some selected
group, with the flag itself possibly becoming

MASK o]

STD=SALES TO DATE
($1000s)

*MASK FOR ONE-STEP FLAG MANIPULATIONS

LASTMO = LAST MONTH'S
SALES (410005}

LAST NAME | FIRST NAME REGION | STD

LASTMO

P ] R ket -
PN ok P,

[\
wir

FORMAT

P
-
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Wordsmith is the video text editing system you've been
waiting for its power, fiexibility and simplicity help you carve
any text editing task down to size—in a way you can
understand We wanted a system that allows you to think in
traditional ways about text layout, yet at the same time makes
the traditionally tedious operations such as cut and paste
simple and fast. We think we've done it. We want you to decide
for yourself

Flexibility

B Logical/Physical Page Distinction. Define your own
hardcopy size. Wordsmith remembers the difference
between the screen size and the hardcopy page size.

® Modular Hardcopy Driver. Drive a Qume® Sprint-5 or
TTY-like device directly now, Diablo, NEC and other
hardcopy devices soon.

m Pure Text. Wordsmith files are pure text with no contral
characters mixed in. This universal format keeps you as
compatible with the world as possible. What you see onthe
screen is what you get as hardcopy.

B Page Templates. Snapshots of the block layout of a page
can be saved as named disk files, then later recalled and
superimposed on the current page. Use such “templates”
for standard multicolumn fayouts, common letter formats,
and fixed-field forms. A single keystroke dispatches you
quickly from block to block as you fill in your page.

S i S |
Take a T Recall a
3 snapshot 3 template
of a and hop
D page's from window
window T to window.
a layout 3

s File Switching. Moving from document to document to
examine, copy, move and change text is like rolling off a log.
You're not confined to one disk file at a time anymore. ﬁ

~>

Power

Page Oriented Philosophy. A document is a collection of
pages. The screen displays one entire page at a time. Simple
random access page flipping commands take you quickly to
any page in the document. Equally efficient commands allow
you to insert, delete, copy and move pages bath within one
document and across documents.

Extensive Block Manipulation Capabilities. Using
“windows", partions of text, charts, etc., can be quickly and
effortlessly moved around on the current page, or across
pages. The shape and size of any window can be changed in
real time, with the contained text automatically
refarmatting itself (heeding word and paragraph
baundaries} ta conform to the new shape.

= [ [

ki

Move Set Up Change Text Shape

Text Blocks Multiple Text

B Instantaneous Formatting. Compacting (extraneous

blank deletion} and right justifying are simple commands
that tidy up a full page or window's worth of text in the blink
of an eye. Random access cursor movement, line and
character insert and delete, line and page split and join, and
a host of other line and character level commands help you
put text in its place quickly and accurately.

Simplicity

s Auto Word Break. Forget the right margin. Wordsmith
notices when you won't be able to complete the current
word and moves it to the next line for you as you continue
typing.

s Understandable Commands. The most frequently used
commands are single keystrokes. The rest are easily
remembered abbreviations.

s Informative Status Lines. The top two screen lines
constantly display page number infarmation, document
name, cursor position, tab stops and status/error
phrases. You're always in touch with your document.

Page 3 of 8 File=ADV1 Cursor row 28, col 43

S B ' t

s Protection Against Catastrophic Errors. It's nearly
impossible to run your document with a8 single bad
command. Wordsmith's page oriented design and double-
checking user interface help you do what you mean!

T

he ™

CDOROSIMIEN

TEXT EDITOR
Defining the New Generation of Text Editing

from Micro Diversions, Inc.
8455-D Tyco Rd.
Vienna, Va. 22180
(703) 827-0888

® Direct CP/M® and North Star DOS compatibility
B Available for 40xB6, 24x80 and 16x64 memory-mapped
video boards
® Fuity reentrant for efficient multi-programming environ-
ments (6K program space, SK data area)
® 8080 and Z80 compatibility
1. CP/M or North Star DOS
Ordering version?
Information: 2. TTY or GUME interface?
$200 3. Brand and memory address of
(Screensplitter™ QOwners: $80) video display board?
Manual only: $15 4, Ship on single or double
Check. VISA, Mastercharge density. 5” or B” diskette?

Inquire about our custom keyboard.

Circle 219 on inquiry card.
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part of future selection criteria. Alternatively,
these flags might be used to save carry or
overflow information during parallel arith-
metic routines. Indeed, combining these
program variables with further comparison
sequences makes possible a whole list of
parallel associative routines like:

MAXIMUM

MINIMUM

NEXT GREATER THAN

NEXT LESS THAN

ADD or SUBTRACT constant

ADD or SUBTRACT fields

STRING SEARCH (pattern matching)
SORT on any field.

Figure 3 demonstrates the method of flag-
ging responding words, table 1 shows a
complete information processing example
with parallel update, and the use of disjunc-
tive sets.

Responder Resolution

When it becomes necessary to get infor-
mation out of the words rather than just
updating them in place, some form of ar-
bitration is required to handle cases of mul-
tiple responders. It is usefu! to have a query
function to tell if there are any responding
words. “ls anybody in there?” Any demons
sitting down and asleep would not answer,

SOFTWARE DEFINED WORD FORMAT WITH

ONE BIT RESERVED FOR A FLAGﬁ

NAME

PHONE AGE |O| STATE

1) SET

2) MW FLAG,0

SELECT ALL WORDS

MULTIWRITE O IN FLAG BIT
(MASK ENABLES WRITING ONLY FLAG)

ALL FLAGS ARE INITIALIZED TO A KNOWN STATE (0O)

51 ! 1L
.
.
.

55 |O oK
.
.
.

60 | IL

3) AGE > 50

4) STATE=IL

5) MW FLAG, |

Figure 3: Multiwriting allows the user to write data into all locations that are

responding at the same time.

60
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and any amount of simultaneous yes replies
would still be interpretable. In fact, any
answer at all, except total silence, indicates
there is at least one responder. A single,
readable bit line on which each word ORs its
tag (responder = 1) would tell the central
processor whether or not any active words
were left. (With some analog hardware we
might even count the number of responders
by measuring the intensity of the answer.)

It is not acceptable to walk to the mouth
of the cave and yell inside, “I want the name
of anyone who speaks French.” If only one
standing demon meets this requirement, the
answer you hear will be true, but in general
you may expect to be greeted with an un-
intelligible mixture of voices. To handle the
problem, a priority list can be implemented
at the hardware level. All words in the sys-
tem are daisy-chained together to one word
arbitrarily defined as having the highest
priority. When an associative read is exe-
cuted, a small amount of time is allowed
for the chain to select the highest priority
responder, and that responder alone is
enabled to place its requested field(s) on the
data in bus to the processor. With a compan-
ion function, Next, which turns off the first
responder, information may be extracted
serially from each active word without
addresses and without conflict.

Without addressing, we are able to do the
following: select via content those words we
want (in parallel); process them in place (in
parallel); and read out their information
(serially).

Entering data into an associative memory
initially is a serial operation, so provision is
often made for random access addressing.
With absolute fixed addresses, associative
memory may be quickly loaded from sec-
ondary storage or main memory through
DMA (direct memory access) or block
transfers. Random access reads and writes
are both allowed. To save address space
when using this addressable associative mem-
ory, the memory may be arranged into
banks occupying the same locations. Ran-
dom access memory requests affect only
the addressed memory section whose bank
is selected; associative instructions ignore
bank information and activate the whole
memory.

Given the addressing order now placed
on the memory, an alternative to the prior-
ity list responder resolution hardware is
available. The tags of words sequential in
address space may be blocked into groups
and fed to the central processor as data
from special input ports or memory loca-
tions. The processor can then scan the bits
in order for 1s (responders). Since tag N
represents word N in the associative mem-



Ti rVP-
Color. VP-590 add-on Color Board allows program Ex':ayaggesc;%nyepgg% Board

control of 8brilliantcolorsforgraphics, color games. ) ey uts
Plus 4 selectable background colors. Includes gn y;ﬂursvl}g;lékegleél:tr;gggge
sockets for 2 auxiliary keypads (VP-580). $69: in 4K of ROM. Ready for im-

mediate use—no loading
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—including
color and sound control!
Requires external ASCII
encoded alpha-numeric
keyboard. $39*

Sound. VP-585 Simple Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
with easy instructions. $24°

Music. VP-550 Super Sound Board turns your VIP into a music
synthesizer. 2 sound channels. Program control of frequency,
time and amplitude envelope (voice) independently in each
channel. Program directly from sheet music! Sync provision
for controlling multiple VIPs, muititrack recording or other
synthesizers. $49°

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protect switch. $95°

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-volt 2716 EPROMs—comparable to units

costing much more than the VP-565 and VIP put

together! Programming voltages generated on
board. ZIF PROM socket included. $99°

EPROM Interface. VP-560 EPROM Interface
Board locates two 5-volt 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34:

“Auxiliary Keypads. Program
your VIP for 2-player inter-
action games! 16-key keypad
VP-580 with cable ($15°)
connects to sockets pro-
vided on VP-590 Color Board
or VP 585 Keyboard Interface
Card ($10°)

ASCII Keyboard:** Fully encoded, 128-character ASCI|
encoded alpha-numeric keyboard. 58 light touch keys
including 2user defined keys! Selectable upperandiower
case. Handsomely styled. Under $50”

COSMAC VIP lets you add
computer power a board at a time.

easy to program andoperate.
Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-
puter store or electronics
parts house. Or contact

With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby-
ist. And the basic VIP com-

puter system starts at just $249* assembled RCA VIP Marketung New Holland Avenue,
and ready to operate. Lancaster, PA 17604. Phone (717) 291-5848.
slmple but powerful_not iust a toy_ :.S:‘?agi;st::‘r:'lgluzrri::' ?9(;;185711does not include video monitor or cassette recorder.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter- The fun way
face relays, sensors or other peripherals. It's into computers.
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Photo 1: Video display
of an inquiry to Semion-
ics’ associative memory
board, REM, and the re-
sponse. In the inguiry, ?
is a don’t care character
which will match anything.
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DERSEN GERARD
ge/11 1925 288-16-3243

AMDERSON GEORGE
1218 1928 104-98-3264

GERALD 632-0RECON-RD  WTH_VIEM

11721 1918 184-26-1199

OERSON s
83/26 1938 555-46-5982

ory, an absolute word address can be de-
rived and information read random access
style.

The accessing of data via address makes
this second responder resolution technigue
nonassociative, but it is sometimes used to
avoid the extensive hardware of the priority
list.

The Real Time Pinch

When the first generation of computers
was being built, hardware was critically ex-
pensive, and the von Neumann architecture —
a general purpose design which truly mini-
mizes hardware through serial processing —
was not seriously questioned. With the
plummeting cost of electronic parts, mini-
mizing hardware has become less important
to the designer. The desire to maximize
throughput, particularly in multiuser situ-
ations, has led to the introduction of par-
allel processing at all architectural levels
with the concomitant increase in hard-
ware complexity — from multiprocessor
systems, to machines incorporating mul-
tiple independent 1/O (input/output) chan-
nels, down to distributed processing logic, as
in an associative memory. The concept of a
general purpose parallel computer is quite
hazy, so the thrust has been to build
specialized hardware for the von Neumann
machine to deal with the parallel com-
ponents of computing as they are
recognized.

Some products for associative processing
are commercially available. On the high end,
STARAN is a very expensive associative
machine from Goodyear Aerospace, and
may be the only machine of its kind for
sale. On only a slightly less grand level,
there are a few 16 bit or smaller CAMS
(integrated circuit associative memory inte-
grated circuits), which even in quantities of
100 carry a price tag of about $1.50+ per
bit. They are fast parts, some with speeds in
the 10 to 40 ns range. IBM also uses such
fast, and small associative memories in the

9538-LILLY-LN

1689-CRESTVIEN-0 LOS-ALTOS

206-LAURA-LN  NTN.VIEN

LOS-RLTOS CA 94822 415-%1-107

Ch 94022 415-%41-309
CA 94043 415-961-4217

CA 94843 415-91-1349

virtual memory hardware of the 360/67
for quick address lookup. But associative
memory for a large computer subsystem
nced not be nearly so fast, nor could it
be tolerable at such a price. Cost, in the
world of electronics, is not necessarily
a function of complexity, but of volume.

Unfortunately, large  manufacturers
must usually see millions of projected sales
before entering the marketplace with
anything really new. Big businesses, mean-
while, cannot afford to walk away from
years of accumulated software on their
present machines, no matter how cumber-
some. Software is expensive to create and
maintain, so big installation inertia will
keep sales volume at a trickle. Yet given the
ubiquity of sorting, searching, merging,
updating, and linking in such business sys-
tems, it is no small irony that a judiciously
used associative memory subsystem could
in many cases greatly reduce software com-
plexity, and therefore expense (not to even
mention greatly increase program speed).
To review, costs will not come down, nor
viable products become available until
expected sales volume goes way up, and at
$1.50 per bit. . . .

The cycle, representative of large scale
business, may perhaps be broken at the
new grass roots level — the home, small
business, or research system where inertia
is at a minimum. An add-in associative
memory can be designed with off-the-shelf
integrated circuits and random access
memories for a cost to memory ratio of
only 2 or 3 to 1. This memory design is
discussed in part 2 (May 1979 BYTE).
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"Micro-Computer Products
to Look Up to"

Horizon Disk Capacity
Keeps Growing

The Horizon is now capable of 720K
bytes on-line! The Horizon can connect
to four double density 5% single-sided
disk drives. Each of those drives can
access 180K bytes of information. A
fourdrive system accesses 720K bytes!

That's capacity you dont usually find in
a microcomputer, but there’s even
more to come! The North Star disk con-
troller board is designed so that two-
sided disk drives may be added as
soon as they become available from
North Star.

ExistingHorizons will accommodate the
new two-sided drives so North Star
owners can simply add additional
drives to up-grade their system. Each
two-sided drive will access 360K bytes!
That means the maximum on-line disk
storage for the Horizon will increase to
over 1.4 million bytes!

New Cabinet
for Disk Drives

North Star additional disk drives are
now available with the same high
quality wood cover as the Horizon
computer! The Additional Drive
Cabinet (ADC) is designed to accept
either one or two drives for the Horizon
or for mounting North Star Micro Disk
System drives. Like the Horizon, the
ADC is available with either wood or
blue metal cover. Included is a new
power supply capable of powering
one or two drives. The ADC is $129in kit
form. Assembled, with one drive the
ADC is $599, with two drives $999.

Pascal Now Available
for Horizon

The much-heralded Pascal language
is now being offered for use with the
North Star Horizon computer. North

Inside view of Horizon with processor
board, RAM board, disk controller, two
drives, and power supply.

Star, with the co-operation of the Uni-
versity of California at San Diego, is
now delivering a Pascal Program De-
velopment system, North Star Pascal is
ideally suited for developing large
programsbecause of features such as:
long variable names, block-structured
control statements, and compilation.
North Star Pascal is available on %"
diskettes for use with the Horizon or
Micro Disk System. North Star Pascal
will operate with either the Z80 or 8080
microprocessor.

Pascal, including documentation, is
available in either single or double
density versions for $49.

An auxiliary Pascal diskette, contain-
ing an 8080/Z80 assembler and some
additional Pascal utilities, is available
for $29. Compiete information is avail-
able at your local retail computer
store.

Circle 285 on inquiry card.

First Double Density,

Now Double Memory

The new North Star 32K RAM board
(RAM-32) has doubled the memory
density of the popular Horizon compu-
ter. Available either with the Horizon or
other S-100bus computers, the RAM-32
runs at full speed—no wait states —
with the 4 MHz Z80A microprocessor
(as well as with slower 280 and 8080
processors). Addressability of the
RAM-32 is switch-selectable in four 8K
regions.

North Star RAM features like bank-
switching and parity checking are
standard. The parity checking capa-
bility means that the RAM-32 is con-
stantly diagnosing itself. That's a plus
for your system. The fact that parity
checking is a North Star RAM-32 stan-
dard is a plus for your pocketbook!
There is no extra charge for this impor-
tant capability.

A Horizon with 48K of RAM can be con-
figured by using one North Star 16K
RAM board and a RAM-32. Need
more memory? 56K canbe configured
by using two RAM-32 boards with one
8K region switched off.

NORTH STAR MDS, ZPB,
FPB FOR OTHER
S-100 COMPUTERS

Upgrade your system with these North
Star products —available for any 5-100
computer: Micro Disk System —a
complete 5V floppy disk system, Z80
Processor Board, or the Hardware
Floating Point Board.

i-iorizon and RAM board prices are:
Kit Assembled

Horizon - 1-16K $1599 $1899
Horizon - 1-32K 1849 2099
Horizon - 2-32K 2249 2549
RAM-32 599 659
399 459

RAM-16

4 Atypical Horizon configuration: CRT, Hori-
zon computer, Additional Drive Cabinet

(ADC). N o
P R

NorthSkar ¥

Computers

2547 Ninth Street
Berkeley. Califomia 94710
(415) 549-0858
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BYTEs Bits

Motorola 6809 Card Folding

A useful item of documentation fur-
nished with the Motorola 6809 micro-
processor is the MC6809 Microprocessor
Instruction Set Summary card. Printed
on heavy stock, it contains vita! infor-
mation for the programmer in condensed
form. This combination of heavy stock
and condensed information gives this
document _an information density of
4.72 x 10’ characters per stug, a figure
imaginable only with advanced tech-
nology.

Users who peruse the card, however,
might have difficulty in refolding it to its
original compact configuration. There-
fore we present here helpful instructions
to refold the card.

The first step is to differentiate be-
tween the pages of the card. Luckily,
this is much easier than integrating
between the pages, or even reading
between the lines. Here we employ the
convention of using letters of the English
alphabet. Upper case is preferred for
clarity, but lower case may be employed
if you are coding a word processing sys-
tem.

Completely unfold the card and
stretch it out on a flat surface. Using a
pencil, inscribe the letter A on the top
righthand corner of the first page, the
page containing the title and program-
ming model. Move the pencil down to
the second page, and inscribe the charac-
ter B in the top righthand corner. Con-
tinue this process, incrementing the
alphabetic character down the length of
the card until you reach the last page,
which should bear the appellation .
This completes the page distinction rou-
tine.

(’r

\!

FINANCIAL ANALYSIS
SPORTSTRIVIA -
MICROTRIVIA i

Jpeakeasy Joftware’

APPLE - PET - TRS~-80
Now available at over 1,000 stores worldwide!
Jpeakensy Joftware...

TRANSACTIONAL ANALYSIS
WARLORDS e KIDSTUFF

Q

BULLS AND BEARS

Box 1220, Kemptville, Ontario, Canada, KOG 1J0 (613) 258-2451 _y
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Circle 351 on inguiry card.

Having identified the pages, you are
now ready to begin the actual folding
process. Grasp the bottom page }. Fold
it up on top of page 1. Now take page
1, and fold along the F-G seam so that
the back side of page | contacts the back
side of page D. Take care that page |
does not become unfolded from 1.

Take heart, we're almost through.
Grasp the top edge of page G and fold
along the C-D seam so that the front
side of page G contacts the back side of
page A. Moving quickly now, fold the
front side of page C to the front side of
page B. Take the A-G aggregate, and fold
the whole thing back onto page E. The
folding process should now be complete,
and the card returned to its original
state.

User options at this point include:
placing the card in your pocket, placing
the card in a desk drawer, or binding
the card with a paper clip.

Note please, that these instructions
are based on preliminary folding infor-
mation provided by Motorola. It is
possible that actual production sample
of the card will have a different foldout
specification.

In addition to its unique topological
properties, the card will be of interest
because of the information printed on
it. Included are addressing mode sum-
maries, operation descriptions, register
bit assignments, vectors and stacking
order, and miscellaneous data. .. .RSs®

NE Computerized Bulletin Board

We have received an announcement
from the New England Computerized
Bulletin Board System informing us that
they have been in operation since
December 1977. In order to connect to
the CBBS, a terminal with a modem or
acoustic coupler and a phone line is
necessary. The procedure is as follows:
set your terminal to 300, or 110 bps
(30 or 10 characters per second) full
duplex. Dial (617)963-8310 and wait for
the carrier. Place the phone in the
acoustic coupler and hit carriage return
on your terminal a few times. The CBBS
will then respond and take you the rest
of the way.»



Everybody’s making money
seiling microcomputers.
Somebody’s going to make money
servicing them.

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing,
and Programming Personal and Small Business Computers

Seems like every time you turn around, some-
body comes along with a new computer for
home or business use. And they're being gobbled
up to handle things like payrolls, billing, inven-
tory, and other jobs for businesses of every
size...to perform household functions like
budgeting, environmental systems control,
indexing recipes, and more.
Growing Demand for
Computer Technicians...
Learn in Your Spare Time

Even before the microprocessor burst
upon the scene, the U.S. Department of Labor
forecast over a 100% increase in job openings for
the decade through 1985. Most of them new
jobs created by the expanding world of the
computer. NRI can train you at home to service
both microcomputers and their big brothers.
Train you at your convenience, with clearly
written “bite-size” lessons that you do evenings
or weekends without quitting your present job.

Assemble Your Own Microcomputer

NRI training includes practical experi-
ence. You start with meaningful experiments
building and studying circuits on the NRI
Discovery Lab® Then you build your own
test instruments like a transistorized volt-ohm
meter, CMOS digital frequency counter... equip-
ment you Jearn on, use later in your work.

And you build your own microcomput-
er, the only one designed for learning. It looks
and operates like the finest of its kind, actually
does more than many commercial units. But
NRI engineers have designed components and
planned assembly so it demonstrates important
principles, gives you working experience in
detecting and correcting problems. It's the

kind of “hands-on” training you need to
repair and service units now on the market.
Mail Coupon for Free Catalog
No Salesman Will Call
Send today for our 100-page, full-
color catalog. It describes NRI's new Mi-

transceiver...TV/Audio/Video Systems Servicing
with training on the only designed-for-learning
25" diagonal color TV with state-of-the-art
computer programming, With more than a
million students since 1914, NRI knows how

to give you the most in home training for new
opportunity. If coupon has been removed,

write to NRI Schools, 3939 Wisconsin Ave.,
Washington, D.C. 20016.

crocomputer Technology course in detail,

shows all equipment, kits, and lesson plans.

And it also tells about
other NRI courses...
Complete Communi- |
cations with 2-meter

RUSH FOR FREE CATALOG

All career courses
approved under Gl Bill.

O Check for details.

3939 Wisconsin Avenue
Washington, D.C. 20016

Please check for one free catalog only.
NO SALESMAN WILL CALL

H NRI Schools o einirt
McGraw-Hill Continuing bt \
! Education Center #&
N :
. \

O Digjtal Electronics ® Electronic
Technology » Basic Electronics

O Small Engine Repair

O Electrical Appliance Servicing

O Automotive Mechanics

O Auto Air Condmoning"

O Air Conditioning, Refrigeration, & Heating
Including Solar Technology

O Computer Electronics Including
Microcomputers

DO TV/Audio/Video Systems Servicing

O complete Communications Electronics
with CB  FCC Licenses ® Aircraft,
Mobile, Marine Electronics

O CB Specialists Course

O Amateur Radio » Basic and Advanced

Name (Please Print) Age

Street

City/State/Zp

Accredited by the Accrediting Commission of the National Home Study Council 170.049
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A Simulated View of the Galaxy

Mark Dahmke
8312 Selleck Hall
600 N 15th St
Lincoln NE 68508

+90°

At one time or another, each of us lets
our imagination wander; perhaps to places
familiar to us, or places we have never been
and can only dream about exploring. Often,
my imagination leads me to the questions:
“What does our sun look like from neigh-
boring stars?” and ‘“What do our famil-
jar constellations look like from other
DEC points of view?"” Have you ever wished
8n sh that you could travel anywhere in the
universe whenever you wanted to? With
the help of computers and graphics dis-
plays we can begin to answer some of
these questions and have fun exploring
what we know about the galaxy at the
same time.

12h

D/Sr

Getting Started

Several things are needed to simulate
the stars in our galaxy; an algorithm that
-90° will allow us to shift our position with
respect to the Earth based coordinate sys-
tem; actual or hypothetical coordinates
of stars; and a display device on which to
plot the resulting star maps. The first ver-
sion of this program was written four years
+90° ago and run on an IBM 1130 computer.
Output was in the form of a printer plot.
50 stars were entered, using data on the
50 brightest stars in our sky. Since posi-
tions given in star catalogs are in celestial
(spherical) coordinates, right ascension (RA)
corresponding to longitude (0 to 23 hours),
declination (DEC) corresponding to latitude

Figure 1: The celestial coordinate system.

(=]
a
ZO——4APZ-romo

-90° (—90 to +90 degrees), and distance in light
24h 12h oh years were entered directly into a disk file.
RIGHT ASCENSION The program then performed the necessary
conversions to get values in radians. Fig-
Figure 2: A Miller projection is used for plotting the data. ure 1 shows the celestial coordinate system.
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The author wishes to
thank TRC Photograph-
ic Specialists of Omaha
NE for their help.

Coordinate Transformations

In order to display the stars as they
would appear from another point in space,
their coordinates must be converted to a
manageable form. Shifting the origin of the
coordinate system appears to be the easiest
way to obtain the desired results. Declina-
tion and right ascension must be converted
to radians first:

RA =RA X 0.261799
DEC=DECX 0.01745

where RA and DEC represent right ascen-
sion and declination, respectively. Then the
celestial coordinates can be converted to
rectangular coordinates:

X =R X cos (DEC) X cos (RA)
Y = R X cos (DEC) X sin (RA)
Z =R X sin (DEC)

The resulting rectangular coordinates are in
units of light years, because of the variable
R (distance). The coordinates may be kept
in three arrays for easy manipulation.

Next, the origin must be shifted to the
new point of view. The celestial coordinates
of the destination or new origin are given by
the user of the program (through console
input) and converted to rectangular co-
ordinates with the same set of equations
used above. To shift the origin, the follow-
ing three equations should be used:

X'= X —Xg,
Y'=Y =Y,
and Z = Z — Z,,

where Xo, Yy and Z are the rectangular

14 oech  [RCw

BT » 12Kl Ris

Photo 1: Side view of our galaxy from 90,987 light years.

coordinates of the new origin; X, Y, and Z
are the old coordinates of a star in the
three arrays; and X', Y  and Z' are the
resulting shifted coordinates.

To display the stars, the rectangular
coordinates must be converted back to
celestial coordinates:

(R)2=(X")2+(Y')2+(Z)?,
RA '=arctan (Y 1Z"),
DEC = arcsin (Z /R ).

It is also necessary to multiply by the ap-
propriate scale factors to be compatible
with the screen or window dimensions of
the display device. The current version of
the program displays the stars in the form
of a Miller projection, as shown in fig-
ure 2. This produces a distorted view on the
top and bottom of the display but does
show the entire sky. An alternate format
magnifies the window to display only a
50 by 50 degree frame. This gives the
impression of looking out the window of a
spaceship, but makes navigation difficult.

In order to shift the window, we must
introduce some new variables to indicate
in the program which rotations are required.
This can most easily be accomplished by
altering the equations used for shifting
the origin:

Text continued on page 70

A glossary is provided on
page 80.
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At this time | wish to introduce myself. | am PERRY POLLOCK, the owner, manufacturer and designer
of the products advertised in this issue of this fine magazine. In the issues to come, | will be introducing
more powerful interfaces for the various popular computers.

To take advantage of this opportunity, | would like to tell you a littlle about my beliefs, aims and policies.
Starting out as a hobbiest, | realize your needs, concerns and most of all the requirements of a good, well
designed and fairly priced interfaces for your computer. It is my goal to supply you with the most for your
investment and the highest quality possible.

All the products are designed by me. They are first drawn out and logically analyzed. Then they are
wire wrapped and tested. When | am satisfied that it functions well, then | will etch a sample printed circuit
board, then and only then, will | commit the design to a mass production run.

All the parts used in our products are of the highest quality. The manuals are written so you can
understand all the phases of construction and operation. How many times have we bought a productand it
lacked for a good, understandable manual, or has it had so many flaws that we could swear that we were
re-designing the product. ALL OF THIS IS IN THE PAST. These products are not offered unless they are
righti!

Another one of my aims is to let you know who you are dealing with. How many times have we ordered
a product and wondered who we were really dealing with. Then . .. if we had problems, how difficult was it to
contact them? Because of all this, | have chosen to publish a picture of myself (I'm not vain, really) and a
picture of my wife Korrine (pictured below). | am available 24 HOURS A DAY. | have a telephone answering
service that will put your call through to me anytime day or night, or if you wish you can call me at home.
(602) 886-5037. If you have a problem, question or just want to taik, give me a call.

| have many exciting new products under development. It will be an exciting year and | hope you will
enjoy the interfaces designed for you and I. | know these interfages have made my computer more
enjoyable for me and hopefully for you.

Sincerely,

Perry and Korrine Pollock
Your fellow computerists
WORLD POWER SYSTEMS, INC.

P.S.: My guarantee . .. If you are
not salisfied with the product,
return it to your dealer or me for a
full refund within 5 days of
purchase.
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3S+P INTERFACE CARD

2,

escasasccsass

AN -camugmes

A POWERFUL I/0 INTERFACE CARD FOR ANY S-100 BUS. THREE SERIAL PORTS AND ONE PARALLEL PORT. FULLY
HARDWARE OPERATED. NO SOFTWARE INITIALIZATON REQUIRED. IN ADDITION, THIS BOARD WiLL OPERATE
WITH ANY SOFTWARE. USER IS ABLE TO SELECT STATUS BITS TO FIT ANY SOFTWARE CONFIGURATION.

FEATURES
SELECTABLE BAUD RATES: All baud rates are dip switch selectable. Each port can be set for its own baud rate.
CRYSTAL CONTROLLED baud rates. This interface card can operate with any Micro-processor at any speed. The 3 S+P
does not depend on the CPU for its originating clock. 110-9600 baud.
EASY CONFIGURATION: The 3 S+P is easy to set. All port addresses are set by dip switches. Each portcan be assigned,
independent of each other.
SOFTWARE COMPATIBLE: The 3 S+P will be compatible with most software arrangements due to the ability to set the
status bits and the parity. Parity, character length, stop bits all set by dip switches. Each port can be set to it's own
individual arrangement.
HIGH QUALITY: The highest quality parts are used. P.C. Board is with plated through holes, solder mask, silk screen
legend and gold plated contacts.

OUTPUT ARRANGEMENT: All outputs terminate at the top of the card via a 26 contacts. Standard 26 pin IDC connectors
mate with each port. RS-232, current l00p at each serial port and full data lines at the parallel port connection. Operation
is asynchronous mode, but can be configured for synchronous operation by minor re-configuration.

FULL DOCUMENTATION: A complete manual of operation and construction is included. Easy construction and 3 hours
is the estimated construction time. Just plug in, set the switches and enjoy all the different configured software. NO MORE
changing the software to match your I/0 board. Just set the board and enjoy.

Kit Assembled

$159.95 $189.95
OPTIONS

Connecting cables from 26 pin to standard DB-25 are separate. Molded factory cables are available for $14.95 each. Cables
have 26 pin IDC connector at one end and DB-25 female at other end, connected by ribbon cable.

TERMS
CASH WITH ORDER, VISA, MASTER CHARGE. NO C.0.D.'S! PERSONAL CHECKS REQUIRE 3 WEEKS TO CLEAR

ORDER FROM

WORLD POWER SYSTEMS, INC.

1161 N. El Dorado Place, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537

STOCKING DISTRIBUTOR FOR SOUTHERN CALIFORNIA CONTACT: CALIFORNIA DIGITAL 213-679-9001
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Table 1: Execution times of one iteration of the program with various num-
bers of stars. Times include plot or display device data transfer rates.

Number of
Stars IBM-1130
10 4 minutes
100 6 minutes
400 8 minutes

8080/BASIC

10 seconds
100 seconds
400 seconls

8080/ASM

0.5 seconds
5.0 seconds
20.0 seconds

IBM 370/158

0.1 seconds
0.3 seconds
1.0 seconds

Table 2: Star coordinates taken from star atlases and catalogues. Besides
using real stars, the author also input 300 “imitation’ stars to fill out the
galaxy to what it actually looks like. The stars listed should be enough to
produce interesting patterns in a reasonable amount of home computer time.
Names (popular or scientific) are rough approximations in English alphabet.
An asterisk represents ficticious “fill-out” stars to represent extragalactic

objects.
Right
Name Ascension Declination Distance Magnitude
(hrs) (degrees) (light yrs)
A. CETUS 02,983 003.900 250.0 2.8
A2.LIB 14.800 —15.833 62.0 29
THI. ERI 02.933 —40.517 120.0 34
SUN 00.000 0.000 A —-9.0
AND.GALAXY 00.667 4.100 1500000.0 7.8
AND. A 00.668 4.100 1500000.0 7.8
AND. B 00.666 4.200 1500005.0 7.8
AND. C 00.665 4.400 1500010.0 7.8
AND. D 00.668 4.300 1501000.0 7.8
AND. E 00.667 4.500 1500100.0 7.8
AND. F * 00.660 4.000 1500150.0 7.8
AND. G 00.656 4.400 1500050.0 7.8
AND., H 00.660 4.550 1510000.0 7.8
AND. | 00.661 4.500 1510001.0 7.8
AND. J 00.667 4.600 1510000.0 7.8
EG224A 00.667 041.001 1500000.0 5.0
EG2248B 00.669 041.000 1500000.0 5.0
EG224C * 00.665 041.001 1500000.1 4.9
EG224D 00.666 041.002 1500001.0 5.0
EG224E 00.665 041.001 1500000.0 5.0
EG224F 00.668 040.999 1500000.0 5.0
EG225COMP 00.630 041.420 1500000.0 9.9
EG201COMP 00.667 040.600 1500000.0 9.5
PLEIADES 03.733 023.950 4300.0 4.7
SIRIUS 6.716 —-16.6 8.7 -1.4
A.CENTAURI 14.600 —60.6 4.3 -2
CANOPUS 6.380 —-52.6 2300.0 -7
VEGA 18.586 38.733 23.0 A
CAPELLA 05.216 045.950 42.0 2
ARCTURUS 14.223 019.450 32.0 2
PROCYON 07.612 005.350 10.0 5
ARCHERNAR 01.598 —57.483 70.0 6
B CENTAURI 14.005 —60.133 130.0 8
ALTAIR 19.805 008.733 18.0 9
ALDEBARON 04.550 016.416 54.0 1.1
SPICA 13.376 —10.900 190.0 1.2
FORMALHAUT 22915 —29.883 27.0 1.3
DENEB 20.662 045.100 465.0 1.3
RIGEL 05.202 —08.250 6545.0 3
BETELGEUSE 05.875 007.400 300.0 9
BELLATRIX 05.367 006.300 230.0 1.7
E. ORION 05.567 —01.233 300.0 1.7
K. ORION 05.767 -09.683 2100.0 2.2
D. ORION 05.497 —00.333 600.0 2.5
L. ORION 05.550 009.917 1600.0 3.7
ANTARES 16.438 —26.316 170.0 1.2
REGULUS 10.095 012.216 70.0 1.3
B. LEO 11.800 014.733 43.0 2.2
G. LEO 10.300 019.983 90.0 26
E.LEO 09.733 023917 100.0 3.1
TH. LEO 11.217 015.600 150.0 34
Table 2 continued on next page.
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Text continued from page 67

X'= X - Xq,
Y =YY,
and Z = 7Z - Z,,
will become:
X' = (X=X (cos @) (cos 6) +

(Y =Y,) (sin 8) (cos ¢) +
(Z —Z2) (sin ¢)

Y = (Y=Y, (cos8) -
(X = Xo) (sin 8)

zZ = (Z-12,) (cos ¢) —
(X = X,) (cos 8) (sin ¢) —
(Y —Y,) (sin 6) (sin ¢)

where:

8 = rotation about the X axis on the
Y,Z plane,

¢ = rotation about the Z axis on the
X,Y plane.

Also, when converting back to celestial
coordinates, scale factors must be intro-
duced to produce a 50 by 50 degree field of
view. The user may wish to experiment with
other window formats.

Expanding the Model

Looking at the sky from various points
of view in space is interesting, but | have
found that animation really shows the power
of the simulation technique, and of animated
graphics. With the coordinates of over 400
stars (100 rea! stars and 300 that add the
general shape of the Milky Way spiral arms
of our own galaxy), we can begin the explo-
ration of our universe. Unfortunately, 400
stars do not make a galaxy, or even a small

About the Author

Mark Dahmke is currently employed
by the University of Nebraska Computer
Network as a programmer/analyst in the
Academic Computing Services section. He
is also a senior computer science major.
At home Mark owns an 8080 based sys-
tem with 32 K bytes of memory and a
floppy disk drive. His work involves
graphics, electronics, writing and systems
programming.
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maxell.

Wini-Flopgy Disk

We make our Floppys
as if your job depends
on them.
Because it does.

In your work, data is too important to lose. So if you
use a Floppy Disk with even a minor flaw—like a dropout—
you risk a lot. That's why Maxell has taken the danger out
of Floppy Disks.

Maxell: the worlds most dependable Floppy Disks.

We've devoted two generations to building our
reputation as manufacturers of the world's finest magnetic
media. Our Floppy Disk technology achieves a consistency
that is rarely equalled . . . and never surpassed.

Even the jackets our floppys come in are made to
resist heat and mechanical shock. And they're specially
treated to prevent the build-up of static charges, so they do
their part to increase the total reliability of their precious
contents.

Made better than most specifications.

To guarantee complete interchangeability, all Maxell
floppys conform to 1ISO. ECMA. ANSI, JIS, and IBM
standards.

Circle 209 on inquiry card.

But even more important to you, Maxell's own
tolerances are tougher than the industry's.

And our inflexible Quality Control inspections permit
nothing to blemish our hard-earned reputation.

So when your job depends on full data retrieval,
depend on Maxell Floppy Disks. They work best . . . and so
will you.

Maxell offers the full range of Floppy Disks, from
standard 8-inch to 54 -inch, plus Data Cassettes.
Dealer inquiries invited.

maxeill.
DATA PRODUCTS
The Quality Alternative

Maxell Corporation of America. Data Products Group
60 Oxtord Drive. Moonachie. NJ 07074 Tel. (201) 440-8020
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Table 2, continued: fraction of it, but with a little imagination
{which was all we had in the first ptace) we
can mentally fill the gaps in the model. The

5.0E3 p— 56 bl o current version c?f the simulation runs on an
Z.LEO 10250  023.567 500.0 36 IBM 370-158 with a 2250 graphics display
M. LEO 09.850 022.167 l;g.g 3-(1) unit. The 2250 has a resolution of 4096 by
R.D SCO 15.900 —~28.500 d K . " 0 o B

SCO 16.883 —42317 2000 38 4096 points. th a sllght-modlf\cat.\on to
TH. SCO 17.567 —42.967 140.0 2.0 the program, it will run in a continuous
EHAé“-A }g-ggg —gz-ggg 2gg-g ;; loop, starting with a direction vector and
K'.SSC(()) 17.650 —39.000 360.0 25 velocity in light years per iteration. The
D. SCO 15.938 —-22.533 590.0 2.5 effect is that of a space craft with almost
G. SCo 16.883 —-42.317 100.0 38 e : :
FOLLL & 0 028.150 310 12 gnllmltgd velocity. Wl.th a fast p.rocessor,'t.he
CASTOR 07.523 032.000 44.0 16 impression of speed is dramatic. Velocities
E.GEM 06.700 025.167 200.0 3.2 of 10,000 light years per second have been
D %é’,\c‘ 8‘;"%(1)8 8333;:73 ggg'g gg simulated. There are no relativistic effects,
Y.CAS 00.900 060.450 200.0 2.2 but it might be interesting to add the nec-
é- g:g 3(7)-?83 82352; 23(5)-8 g-j essary equations—especially if color graphics
D. CAS 01.400 060.083 150.0 28 are avalllab'le. The Dopplgr shlfts.wogld be
E.CAS 01.867 063.517 100.0 3.7 most striking. The stars in the direction of
D;QSHUS 82-233 03?-88(7) ;gg-g ‘” travel would be intensely blue, while those
HYADES 04.250 016.000 300.0 4.0 receding from the observer would be a deep
E.TAU 04.450 019.117 300.0 4.0 red.
E URSAE MAJ 12.863 056.233 50.0 1.7
DUBHE 11.000 062.017 105.0 1.9 .
N. UMA 13.767 049.467 210.0 19 Adding More Stars
MIZAR 13.367 055.183 190.0 2.2
g" 8,\'\/'/'2 :gggg 82;%28 1%:8 g:g As my desire to travel outward increased,
Y.UMA 11.867 053.967 88.0 25 | soon realized that | would have to have
B CRUCIS 12.746 —59.416 465.0 1.5 something to travel to. Additions to the
A CRUCIS 12.396 —62.816 150.0 1.6 ]
E CANIS MAJ 06945  —28.900 325.0 1.6 model included the Andromeda galaxy
ACRUX 12.400 —63.150 220.0 9 (approximately 1.5 million light years away),
E. CARINA 08.358 —59.350 330.0 1.7 g . . A
B GARINA 017 iyt EINH g the Magell‘amc clouds (our nearest inter
A. TRIA 16.717 ~68.933 130.0 1.8 galactic neighbors) and several other extra-
I\\(AIF\R/EﬁK 83.3% 03?.?2% ?(7)8.8 13 galactic objects. One problem with adding
ALHENA 36583 016.450 780 19 more stgrs is that the executlop tlmg goes ‘up
KAUS. AUST 18.350 —34.417 160.0 1.9 proportionately. When experimenting with
AL WAZOR 07.100  —26.317 650.0 1.9 comolltel i Poms. wRi g
MURZIM 06342  —17.933 300.0 19 puiss tesed simplatiaas,, this) soon b
D. VEL 08717 54517 700 20 comes apparent. Note that in listing 1, the
ALNITAK 05.633 —01.967 400.0 2.0 algorithms have been optimized to the
B. AURIGAE 05.933 044 .950 84.0 20 . : .
PEACOCK 20.367 Z56.900 160.0 21 extreme, to cut down on the execution time.
POLARIS 01.817 089.033 470.0 21 Comparison tests were run on several sys-
;\G- Sm: 8:-238 8;2-888 ?88-8 g; tems with the results shown in table 1.
0. UMI 01.795 086.100 650.0 5.0 .The IBM-1130 was slowed .down by its
E. UMI 16.850 082.130 550.0 5.1 printer, used to generate a printer plot of
TH. UMI 01.572 078.100 750.0 5.0 the star map. The 8080 is almost fast enough
A.OPH 17.550 012.600 67.0 2.1 1o lp ith the 370 ~fn-‘ dc:as, h 5
NUNKI 18.867  —26.367 160.0 2.2 COVIEELE SRR e SR RO ThaN D
A, AND 00.088 028.817 120.0 2.1 do the floating point calculations in software.
ALPHARD 09417 -08.433 2000 22 A floating point hardware board would
AL NA‘IR 22.083 —47.200 91.0 252 . i - 3 .
SUHAIL 09.100 _43.233 290.0 29 probably decrease the times given for the
B. PER ALGOL 03.082 040.767 100.0 2.2 8080 by a factor of 10. The 370 is a multi-
A. ARI 02.067 023.233 740 2.2 v ; - 3 . 3
S o EED 7 et = programming system—running several.othel
B. CETI 00.683 _18.267 57.0 22 programs at the same time. Thus, the simula-
IB.éJMI " 14.8(550 073.327 ?(7)8.8 %% tion has to compete with other programs
™ ég,'\,'\-’r (1)2:(2)6; :26:11; 86.0 52 and is also slowed down by competition for
D. PUPPIS 08.033 —39.867 800.0 2.3 peripheral devices such as video terminals,
Y1, AND. 02.033 042.083 400.0 23 - i i 3 H
SiRAEER ) b2l g 50 53 thed2?50 graphics display, printers, and card
Y. CYGNUS 20.333 040.100 470.0 23 readers.
B. AND 01.117 035.350 75.0 2.4
Y.DRA 17.917 051.500 150.0 2.4 .
N. CMA 07.367  —29.200 270.0 24 Implementation
A.PHE 00.400 —42.583 76.0 2.4
E.PEG 21.700 009.650 250.0 2.5 The details of implementation depend on
A.PEG 23.033 014.933 100.0 26 f t e dEvi d
N. OPH 17.125 15667 76.0 26 the computer, display device, an language
Y. CRV 12.217 —17.267 130.0 2.8 used. The original IBM-1130 version used a

printer plot because that was the only out-
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Includie us Iin
your plans for 19791

Sophisticated technology, low
pressure living, with more pro-
fessional and personal advantages
W than we canllist.

|

-..that's why the
big moveis to
NCR,
Milisboro.

s Long growth cycle projects. = Rapid advancement. a Direct computer
access. ® Good internal communications. ® Real state-of-the-art develop-
ments. ® High internal visibility. a In-plant recreation. = Low cost of living.
a High quality of life. = Beaches, boating, and wildlife preserves. a Within
reach of major Cultural Centers, s Ground floor opportunities in the design
and development of our new C-2140 ECR/POS Multi-Microprocessor Based
Retail System.

You'll find solid professional and personal reasons for building a new ca-

reer with us.
The following are current career openings:
SYSTEMS ANALYSTS/REAL TIME INDUSTRIAL/MANUFACTURING
PROGRAMMERS ENGINEERS
* Operating System Design « Assembly Routines, Labor Estimating,
o Microprocessor Software—Assembly Language Production Line Layouts
e 1/0 Drivers ¢ Facility & Capital Equipment Analysis
* Diagnostics e ATE & CAM
¢ Production Support & R&D Liaison
TEST SYSTEMS ENGINEERS/
DEVELOPMENT ENGINEERS POWER SUPPLY DESIGNERS
* 8080 Based Microprocessor Design  Design and Develop Low-Voltage Switching
o ATE Programming of Microprocessor Boards Power Supplies
* NMOS, EMOS, CMOS, LS| & MSI Technologies * Adherence to UL/CSA and International Safety
 Multiprocessor Systems Architecture Standards
* Worst Case Design on Circuits

SUPP"LIE‘?S QUR?LITY AstSURANCE It you qualify for any of the above, call us at:
* Vendor Quality Management 302-934-8111, or send resume and salary require-
* Interfacing with Design Engineering, Product ments, in complete confidence, to: Mr. Joseph G.

Test, Field Engineering, Purchasing Buskirk, NCR Corporation, Dept. , Engineer-

& Manutacturing ing & Manufacturing, Mitchell Road, Millsboro,
 Components—Specification & Product Design DE 19966.

Comple‘e COmDU‘er Systems An equal opportunity employer
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put device available. Since the available
memory was limited (8 K wards), the pro-
gram was written to make heavy use of disk
files for storage of the starting coordinates
and intermediate results. The last phase of
the program scanned the disk file containing
the shifted coordinates and produced a
printer plot.

The second version ran on an IBM/360-65
and plotted on a Tektronix. 4013 graphics
display terminal. Although neither of these
first two versions was animated, single star
maps could be obtained.

The 2250 version required considerably
more programming effort. Since the 2250 is
a high speed device, true animation was
finally possible. The 2250 refreshes its dis-
play from a core buffer loaded from the
processor. Coordinates are plotted and
mapped into the buffer; subroutine EXEC is
then called and the entire buffer is sent to
the display. Unfortunately the buffer must
be cleared before another iteration can take
place—but clearing the buffer also clears the
screen. The solution is to maintain two sepa-
rate buffers. One can be displayed on the
screen while the other is being cleared and
loaded. If this is not done, the display will
flicker with a duty cycle of about 10 percent
on, 90 percent off, since the calculation time

pist -5193 KA (YN %} : ) 5 . 5 q 0 .
g 4 12 4607 BEREE ST is greater than the intermediate display time.

Sample Output
Photo 2: Our galaxy from —5983 light years.

Photo 1 is a side view of our galaxy from
90,987 light years. As you can see, the
model is not accurate because the middle of
the galaxy is almost empty. Also, the large
bright spot on the right side of the galaxy
represents the tight group of 100 stars that
form our local constellations. At the bottom
of the screen distance, right ascension,
declination, and velocity have been dis-
played for reference. The minus sign on the
distance means that the direction of travel is
opposite the direction the right ascension/
declination vector. Photo 2 is a view of our
galaxy from -5983 light years. Photo 3
shows the sky from Earth (note the Big
Dipper in the upper center, Leo just above
and right of center, and the Milky Way down

the left side and across the bottom). Photo 4
shows our local constellations from 2937

light vyears, against the background of
the Milky Way. Photo 5 is another side
view of the Milky Way from one million
light vyears (viewed with the 50 by 50
degree window). The two small objects
just below and to the right of the galaxy
are the large and small Magellanic Clouds.
They are approximately 100,000 light years
Photo 3: The night sky as seen from the Northern Hemisphere of Earth. Note from the Milky Way.

the Big Dipper in the upper center, Leo just above and right of center, and

the Milky Way down the left and across the middle. Text continued on page 80
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INTEGRATED CIRCUITS MICROPROCESSOR LED’'S SOCKETS CAPACITORS DIODES TRANSISTORS RESISTORS POTENTIOMETER
.
im-pak One-Stop
. Component Center
electronic components —

[7]

' ' o & B
EXCITING NEW KITS! [gom
Digital Stopwatch Kit .
52| ¢
Use | il 7205 Chi *Q I d . oy e
: Plsaete:!nt‘;lr::J douhle-silt?ed * T;llraer:zs:;:\sl\tl:t::;tir: Itllene: JEQOO :ucn !
P.C. Board single event, split (cummulative) MM LT
* LED display (red) and taylor (sequential timing) HRAT
* Times to 59 min. 59.59 sec. with * Uses 3 penlite batteries Jameeo
auto reset * Size: 4.5” x 2.15"" x .90"” (o]

JE747

* Bright .300 ht. common cathode display

* Uses MM5314 clock chip

# Switches for hours, minutes and hold functions

* Hours easily viewahle to 20 feet

* Simulated walnut case

* 115 VAC operation

* 12 or 24 hour operation

* [ncludes all components, case and wail transformer
*Size: 6-3/4" x 3-1/8" x 1-3/4” * Size: 6-3/4" x 3-1/8" x 1-3/4"

6-Digit Clock Kit Jumbo 6-Digit Clock Kit

NOw!!! OVER 300 AUTHORIZED DISTRIBUTORS... HERE'S JUST A SAMPLING:

* Four .630"” ht. and two .300” ht. common anode displays
* Uses MM5314 clock chip

* Switches for hours, minutes and hold functions

* Hours easily viewable to 30 feet

*Simulated walnut case

*115 VAC operation

* 12 or 24 hour operation

*|ncludes all components, case and wall transformer

SWITCHES CRYSTALS CONNECTORS HEAT SINKS FUSEHOLDERS TEST CLIPS BOOKS KITS DIP JUMPERS CABLE ASSEMBLIES SWITCHES CRYSTALS CONNECTORS HEAT SINKS

ALABAMA ILLINOIS (Continued) NEBRASKA TENNESSEE (Continued}
Mobile Latayette Radho Etecironics Oak Park Spectronics Inc. Lincoin Arair Computer Center Clarksvilie Masstronics
ALASKA Rocklord Imperial Computer Systems Lincoin Scort Electromic Supply inc. Cookeville Wagnon's Stereo Center
Anchorage TV Mart Schaumburg Data Domain Omaha Heathkit Electronic Center Knoxville Eastern Micro
ARIZONA INDIANA Omaha Omaha Computer Store Nashville Etectra Distributing Co.
Yumg Yuma Etectromes East Chicago Acro Etectronics Corp. NEVADA TEXAS
CALIFORNIA 1owa Las Vegas A C E Inc.
Beltfower Eart's Hobby Shop indanola Etectronix Limited NEW JERSEY Daiias CompuShop
Berkeley At Lasher Electiomes KANSAS Bricktown Radio Shack Associate Store Houston Altair Computer Center
Mussion Vo Tower Electromcs Corp. Wichita Amateur Radio Cherry Hill The Computer Emporium Houston CompuShop
Monterey Zacket Equipment Company Pompton Leke Houston Interactive Computers
Oceanside Electronic Center KENTUCKY San Antonio Sherman Electronics
Pato Alto Zuck Elecriomcs Lexmgton Radio-Etectronic Ramsey Typetronic Computer Store Supply Inc.
Pasadens Dow Radio inc. Equipment Co. NEW MEXICO UTAH
. Etec Center LOUISIANA Las Cruces Mannse’s Electronic Supply Midvale Heathkit Electronic Center
Sacramento Zackst Baron Rouge Petican Electronics NEW YORK rove Atpme Etectronic Supply Co.
San Carlos J & H Outiet Store Houma Petican Electronics VIRGINIA
San Diego Radio Shack A.S.C. Merarie Pelican Electronics Kingston Y A Store
Mira Mesa MARY LANO New York Computer.Mart of New York dri it Ei ic Center
San Fernando  San Fernando Ei [~ Chi E Troy Charlotresvilte Lafayette Radio
San Francisco Zack Etectronics Damascus Damascus CB Utica Falls Church Crossroad Electronics
San Jose Unned Radio & TV Supply La Vaic J & M Electronics NORTH CAROLINA Hampion Lafayette Radio
San Luis Obispo Mid-State Rockwilte Computer Workshop 8oone Alpha Digrtal Systems Norfoik Avec Electronics Corp.
Electromic Supply i nathkit Ei Center Durham Richmond Avec Electronics Corp.
Santa Ana 5 Qualrnty ih-cmm;c: Towson "'.' i Ei % Inc. o Roanoke The Computer Place
Santa Crue inta Crue Electronics Towson leathkt Electronic Center aleigh iroini i
Santa Marsa Caps Etectromes  MASSACHUSETTS NORTH DAKOTA e e
Santa Monica Mission Control Pristreid Pittsheld Radio Co. inc. Fargo The Computer Company Longview Progress Etectronics
Swisun City Byte Shop Waltham Computer Mart Inc. OHIO Moses Lake Ron’s Electronics
Sunny Sunny E RAM Electronics Inc. Bucyrus Pasco Riverview Electronics
Valiejo Zackit MICHIGAN Cinci Seattic Amateur Radio Supply
Walnut Creek  MicroSun Computer Center Ann Arbor ic Supply Ci Seattic C-Com
COLORADO Clawson Rad:o Supply & Engineering Dayron Seattle Empire Electronics
Aurora Com Co Etvctronics Detrost Ei Center i4 Spokane Personal Computers
Durango The Computer Shop Flint Hobby Electronic Center OKLAHOMA racoma C & G Electronics
CONNECTICUT Garden City C Center o City WEST VIRGINIA
8nidgeport Ci Lansing Fulton Radio Supply Co. OREGON Morgantown Etectro Distributing Co,
FLORIDA Lansing Wedemeyer Electronic Supply Albsny Wheeling Latayette Radio
Frt. Lauderdule Computers Fur You Midtand Computromx Corp. Coos 8ay WISCONSIN
GEORGIA M. Clomens The Computer Store Portland Portland Radio Supply West Allis Ofson Electronics
Atlanta Atlanita Computer Mart Nites Nites Radio Supply Saslem CANADA
Cotumbus Radio Wholsate MINNESOTA PENNSYLAVANIA Atberta (Calgary) The Computer Shop
HAWAN Dututh Northwest Radio of Duluth Hershey Microcomputer Systems Inc, Ontario (Wi Home C
Honolulu Integrated Ciecurt Supply Hopkins ; Om"" '; kk oh Heathkit Electronic Center Centre
iDAHO St. Paul Heathkit Electronic ter or s Mi
Iduho Falis Audhtroncs MISSOURI RHODE ISLAND e opbleess
ILLINOIS E1 Dorado Spaings Beckman Electromes Cranston Jabbour Elntmmps Crty hit Bear C. ing Store
Evanston Tri-State Electrome Corp. MONTANA Pawtucket Jabbour Electronics City GUAM Marianas Electronics
Groveland Moyer Electroncs Biltings Contey Radio Supply TENNESSEE . ) PANAMA
Mount Prospect  Tre-State Electrome Com. Boseman Etoctromc Secvice & Dist. Chattanooga Witham’s Date Comp Div, Panama City Sonitel, 5. A.
SINGAPORE tnter-trade (PTE) L1d.

ASK YOUR ELECTRONICS STORE TO STOCK JIM-PAK® TODAY!!

JIM-PAK® ¢ 1021 HOWARD AVENUE, SAN CARLOS, CALIFORNIA 94070 ¢ (415) 592-8097
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DIMENSION FX (400), FY{400), FZ (400}
REAL NRA, NDEC, NEWR

(o READ IN AND STORE RECTANGULAR COORDINATES FOR STARS IN FX,
(o FY, AND FZ ARRAYS.

DO 11=1,400
READ (5, 100) CRA, CDEC, CDIST

c FIRST, CONVERT CRA, AND CDEC TO RADIANS

CRA =CRA *.261799
CDEC = CDEC * .01745

CXY =DIST * COS (CDEC)

FX (1} = CXY * COS (CRA)

FY (1) = CXY * SIN (CRA)

FZ (1) = DIST * SIN (CDEC)
1 CONTINUE

100 FORMAT (3(10F7.3} )
RA, DEC, AND DIST REPRESENT THE POLAR COORDINATES FOR THE

DIRECTION VECTOR. VEL IS THE VELOCITY OR RATE OF CHANGEOVER
EACH ITERATION OF THE ALGORITHM.

o000

DIST = 0.
RA =3.1415927
DEC =0.
VEL =0.

ADVANCE THE DISTANCE COUNTER BY ADDING THE VELOCITY FOR ONE
ITERATION.

oo

10 DIST = DIST + VEL
(o NOW COMPUTE THE NEW LOCATION IN SPACE FROM RA, DEC, DIST.
AXY = DIST * COS (DEC)
AX =AXY * COS (RA}
AY = AXY *SIN (RA)
AZ =DIST * SIN (DEC)

Cc NOW ENTER THE INNER DO LOOP WHERE THE SHIFTED COORDINATES
(o ARE FOUND, CONVERTED TO CELESTIAL COORDINATES AND PLOTTED.

DO 201 =1, 400
XP=FX (I}~ AX
YP=FY (I} ~ AY
ZP =FZ () - AZ
NRA =ATAN (YP/ XP}
NEWR = SQRT (XP * XP + YP * YP + ZP * ZP})
NDEC = ARSIN (ZP / NEWR])
C TEST FOR QUADRANTS MESSED UP BY THE ARCTANGENT FUNCTION,

IF (XP.LT.0.) NRA=NRA +12.
IF ({(XP .GT.0.) .AND. {YP .LT.0.})} NRA = NRA +24.

C TEST FOR SCREEN LIMITS.

IF (NRA .GT. 24.} NRA = NRA - 24.
IF (NRA .LT.0. )} NRA = NRA + 24.

C PLOT POINTS HERE, USING THE APPROPRIATE SUBROUTINE CALLS FOR THE
C AVAILABLE DISPLAY DEVICE.

CALL PPOINT {-NRA, NDEC}
20 CONTINUE
CLEAR SCREEN; PREPARE FOR NEXT ITERATION.

TEST FOR CONSOLE INPUT; CHANGES IN DIRECTION, VELOCITY, SCREEN
WINDOW FRAMING, ETC.

o0

GO TO 10

sToP
END

Listing 1: Generalized FORTRAN version of galaxy simulation. This program
can be converted almost directly into BASIC. Note: for those people not
having an arcsin function: arcsin function: arcsin (x) = arctan (x/\/ 1-x4).
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Get Your
Up-Grade
Kit Here:

AL: Birmingham: Computer Center, (205) 942-8567;
Huntsvitle: Computertand, (205) 538-1200. AZ:
Tuscon: Myotis Enterprises, (602) 326-5306. CA:
Berkeley: Byte Shop, (415) B45-6366; Davis: Capito!
Computer Systems, (916) 483-7298; El Cerrito: Compu-
terland, (415) 233-5010; Hayward: Computerland, (415)
538-8080; La Mesa: EDP Management Inc., (714) 462-
5400; Los Altos: Computerland, (415) 941-8154; Marina
Del Rey: Base 2, (213) 822-4499. Mt. View: Byte Shop
Computer Store, (415) 969-5464; Digltal Deli, (415) 961-
2670; Palo Alto: Byte Shop, (415) 327-8080Sacramento:
Capitol Computer Systems, (916) 483-7298; San Diego:
Byte Shop of San Diego, (714) 565-8008; San Francisco:
Byte Shop, (415) 434-2983; Computer Center Inc., (415)
387-2513; Computer Store of San Francisco; (415) 431-
0640; Computerland, (415) 546-1592; San Jose: Elec-
tronic Systems, (408) 226-4064; San Rafael: Computer
Demo Room Inc., (415) 457-9311; Santa Clara: Byte
Shop Computer Store, (408) 249-4221; Walnut Creek:
Computerland, (415) 935-6502. CO: Denver. Compu-
tertand of Denver, (303) 759-4685; En%Iowood: Byte
Shop, (303) 761-6232. CT: Fairfield: Computerland of
Fairtield, (203) 374-2227; New London: R & R Computer
Store, (203) 447-1079. FL: Ft. Lauderdale: Computer
Age, (305) 791-8080; Computerland, (305) 566-0776;
Jacksonville: Williams Radio & TV, (904) 354-5460;
Panama City: Boyd Ebert Corp., (904) 769-4492; Tampa:
Microcomputer Systems, (813) 879-4301 GA: Smyrna:
Computeriand of Atlanta, (404) 953-0406. HI: Hono-
lulu: Computertand, (808) 521-8002. IL: Champalgn:
Byte Shop, (217) 352-2323; Niles: Computerland, (312)

7-1714; Oak Lawn: Computerland, (312) 422-8080;
Peoria: Computeriand, (309) 688-6252. KY: Louisville:
Computerland, (502) 425-8380. MA: Cambridge:
Computer Shop, (617) 661-6270; Waltham: Computer
Mart Inc., (617) 899-4540, MD: Rockville: Computer-
land of Gaithersburg, (301) 946-7676. MI: Ann Arbor:
Newmann Computer Exchange, (313) 994-3200; East
Lansing: New Dimensions in Computing Inc., {517) 337-
2880; Kentwood: Computerland of Grand Rapids, (616)
942-2931; Royat Oak: Computer Mart, (313) 576-0900.
MN: Bloomington: Computerland of Bloomington, (612)
884-1474; Minneapolis: Computer Depot Inc., (612) 927-
5601. NB: Omaha: America Computers, (402) 592-
1518. NC: Raleigh: Byte Shop, (919) 833-0210. NJ:
Budd Lake: Computer Lab of NJ, (201) 691-1984; Clark:
§-100. (201) 382-1318; sehn: Computer Mart of NJ,
(201) 283-0600; Succasunna: Computer Hut, (201) 584-
4977. NY: Carle Place: Computeriand of Nassau, (516)
742-2262; Elmira Heights: Red Ten E ics, (607)
734-3566; Ithaca: Computerland of Ithaca, (607) 277-
4888; Johnson City: Micro World, (607) 798-9800; New
York City: Computer Mart of NY, (212) 686-7923;
S;racuse: Computer Shop of Sgucuse Inc., (315) 446~
1284; White Plains: Computer Corner, (914) 949-3282.
OH: Cincinnati: Digital Design, (513) 561-6733; Colum-
bus: Mini Micro Computer Worlid Inc., (614) 235-5813;
Ohio Microcomputer Specialists, (614) 488-1849;
Dayton: Computer Solutions, (513) 223-2348, OK:
Oklahoma City: Microlithics Inc., (405) 947-5646;
Micronics, (405) 842-8152, PA: Frazer: Personal
Computing Corp., (215) 647-8463; Philadelphia: Micro-
tronix, (215) 665-1112; State College: Micro Computer
Products Inc., (814) 238-7711. TX: Austin: Computer-
land, (512) 452-5701; Dallas: KA Electronic Sales, (214)
634-7870; Ft. Worth: Patrick Associates, (817) 531-2761;
Garland: Digital Research Corp., (214) 271-2461;
Houston: Computerland of SW Houston, (713) 977-
0909; Houston Computer Mart, (713) 649-4188; San
Antonio: Micromart, (512) 222-1426. UT: Orem: John-
son Computer Electronics. (801) 224-5361. VA:
Alexandria: The Computer Hardware Store Inc.. (703)
548-8085; Computers Plus, (703) 751-5656; Arlington:
Arlington Electronics Wholesalers, (703) 524-2412,
WA: Bellevue: Computertand of Bellevue, (206) 746-
2070; Seattle: Magnolia Microsystems, (206) 285-72686.
WI: Madison: Computerland of Madi (608) 273-2020;
Neenah: Fox Valley Computer Store, (414) 725-3020.
CANADA: ONTARIO: Mississauga: Arisia Micro-
systems, (416) 274-6033; Toronto: Computer Mart Ltd.,
(416) 484-9708. BRITISH ISLES: CHESIRE: Cheadle:
New Bear Computing Store, 061-491-0134, ESSEX:
IHiford: Byte Shop Ltd., 01-554-2177. HARTFORD-
SHORE: New Barnet: Computer Components, 14
Station Rd. ISRAEL: Haifa: Microcomputer Eng. Ltd.,
31-070, WEST GERMANY: Munich: ABC Computer
Shop, Schellingstrasse 33, 8000 Munchen 40; Micro-
computer Shop, Toelzerstr, 8, D-815 Holzkirchen;
I\(v?‘deg_ ?igitronic Computer Systems, Bei-der Doppe-
iche 3-5.

Ithaca Audio
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The Simple Up-Grade”

Trying to add compdufer
memory is not much fun if
you don’t get everything
you need. :

<
,%g@‘&

Everything you need to up-grade your
TRS-80 to a 16K system.

* 8 tested and guaranteed 16K RAMS
® New programming jumpers, ® Easy-to-follow instiuctions.
® Only tool reguired 1s a household screwdniver.

ITHACA
AUDIO

ata Nra YOR 148

Receiving unprogrammed
jumpers and having to
program them yourself is
nat much Dbetter. Most
important, that's the place
where the problems are
introduced.

So Ithaca Audio’s better
idea is the Simple Up-
Grade. Each Simple Up-
Grade is specially designed
to make adding memory
foolproof. We _include_all
the parts you’ll need; 8
prime, tested 16K_ RAMs,
along with concise step by

Circle 190 on inquiry card.

step directions and dia-
grams. And if a personality
jumper is required, It's
premade.

The TRS-80" memory
expansion was our first
Simple Up-Grade. Now
there are two more—for
owners of Apple ' and
Exidy Sorcerert computers.
Each kit is 100% guaran-
teed—if a part ever fails, we
replace it FREE. Your ithaca
Audio dealer has them in
stock, only $140. Now you
can afford to add high
quality, high density memo-
ry to your system for
remarkably littie—far less
than you would expect to
pay from Radio Shack,
Apple, or Exidy directly.

«©°
A 96\*
0

E

Everything you need to up-grade your
Sorcerer in blocks of 16K.

Bhkk
&

* 8 tested and guaranteed 16K RAMSs.
* New programming jumpers.
e Use only a screwdriver and soldering iron.

e Easy Instructions. ITHACA
AUDIO

Nea Vore 1A

\e ‘- .
e 5\&* e £
€2\
Ve

Everything you need to up-grade your
Apple It in biocks of 16K.

# 8 1ested and guaranteed 16K RAMs.
* New Memory Select Units.

® Use only a household screwdriver
* Easy instructions.

These Simple Up-Grades
are ithaca Audio’s first step
in adding more capability
and reliability to your
computer at lower cost.
Other Up-Grades are on the
way to your dealer now.

ITHACA
AUDIO

P.0O. Box 91 2
Ithaca, New York 14850
Phone: 607/257-0190

*TRS-80 is a registered trademark of
Tandy Corp.

tApple |l is-a registered trademark of
Apple Computer; Inc.

$Sorcerer is a registered trademark.of
Exidy, Inc.
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3 POWERFUL INTERFACES
FOR THE TRS-80* AND S-100 BUS

MASTER CONTROL CONSOLE

A COMPLETE COMMAND CENTER FROM YOUR KEYBOARD OR
FROM ANY LEVEL Il ORDISK BASIC PROGRAM. Turn on bells, sprinkiers,
sense fire and burglar alarm, anylhing that needs a switch can be controlled by
the command center

16 OUTPUT LINES: With 8 relays. SPST. and 8 TTL diode prolected signals.
16 OUTPUT LINES: 8 lines wilh OPTO-COUPLERS and 8 TTL diode protecled
FULL LED PANEL: For slalus indicators of all conirol lines.

COMPLETE WITH CABINET: Has attractive sloping cabinel.

FULL HEAVY DUTY POWER SUPPLY: Contains power supply. No exlernal power
needed

EASY CONNECTION: Plugs into TRS-80 expansion port edge card rear of keyboard or
belween keyboard and expansion interface.

2-EDGE CONNECTORS: 2-additional expansion 40 pin edge conneclors
NEEDS NO SOFTWARE: Operales from OUT and IN statements Irom BASIC or machine

P code slatements. Example: (Oul 5. 1=tlurn on swilch 5. Qut 5. 2=1urn off switch 5, eic.)
Model MCC-K (k") $1 29.95 ¢ COMPLETE MANUAL AND SAMPLE PROGRAMS: Comes with comprehensive
Model MCC-A (assem.) $159.95 manual.

EPROM PROGRAMMER +3

* SELF CONTAINED: Comes housed in an atiraclive cabinet with seit conlainegd power
supply.
* PROGRAMS: This unil programs the popular 2708, 2716 Eproms. Personality modules tor
other Eproms will be available al a later date.
FIRMWARE: On board firmware so that no software need be wrillen or enlered inlo your
CPU syslem. The firmware can be shul ofl when nol in use. Firmware residents at FO000.
The firmware in and out of system Is controlled from a SwitCh on front panel
3-ADDRESSABLE ROM LOCATIONS: The Eprom Programmer has three sockels on
front panel which are addressable to any location by dip swilCh. In addilion each ROM
location can be shut off or turned on by swilches located on the tront panel
MONITOR: A monitor is supplied within the firmware for performing several functions.
Move memory. debug. verity, program from memory, program from TTY input, eic
EASY CONNECTION: The Eprom Programmer Is atiached with ease. For the TRS-80
users. the unit plugs into the rear of the keyboard or beiween the keyboard and expansion
interface. Included wilh the unit are two addilional 40 pin edge connections for interfacing
of other Interfaces. For the S-100 users. a molded connection cable Is supplied and it Is
inserted into one of the conneclors on your mother board. Plug it in and it is ready to use.
. FULLY BUFFERED: add address and data lines are lully butfered
MOdeI E PR ‘80 K (k|t) $1 29.95 OTHER FEATURES: Other features include stalus lights for which ROM selecied. swilch

S enable for programming. pulse (burn) indicator firmware select-deselect switch, on and oft
MOdeI EPR 80A (assem') $1 5995 and dip swilches for the addressing of each ROM location

SERIAL PARALLEL /O MODULE

THIS POWERFUL INERFACE MODULE ALLOWS THE TRS-80 COMPUTER OWNER TO
COMMUNICATE OVER 8 SEPARATE RS-232 OR PARALLEL CHANNELS. ALL
SELECTABLE FROM A SIMPLE COMMAN IN LEVEL:Il OR DISK BASIC OR MACHINE
CODE. NOW YOU CAN INTERFACE PRINTERS, TAPE READERS. OTHER RS-232 OR
CURRENT LOOP SERIAL DEVICES OR ANY PARALLEL DEVICE.

8-SERIAL INPUT/OUTPUT PORTS: Fully buttered
8:PARALLEL INPUT/OUTPUT PORTS: Fully buttered

EASY CONNECTION: Connects 10 the expansion por! edge card connector between
keyboard and expansion interface or direc! o rear ot the TRS-80 keyboard

DIP SWITCH: All ports. baud rate. parity, etc all set by dip swilches

ON BOARD FIRMWARE: No soltware driver routine needed lor.operation of the module
Simple OUT and IN statements operate the module.

RS-232, CURRENT LOOP: All 8 channels can be selected lor RS-232 or cusrent Ioop

BAUD RATE SELECTION: All channels dip switch selectable for individual baud rates
from 110 to 9600 baud

COMPLETE DOCUMENTATION: Complete instruction manual. Just plug in and selthe
Model MS10-K $1 29.95 swilches and you are able lo cormmunicate with the outside world. This modute also

Model MS10-A (assem ) $1 49.95 inctudes 2 additional 40 pin edge connectors for conneciion of other interfaces.

TERMS
CASH WITH ORDER, VISA, MASTER CHARGE. NO C.0.D.'S! PERSONAL CHECKS REQUIRE 3-WEEKS TO CLEAR.

ORDER FROM

WORLD POWER SYSTEMS, INC.

1161 North El Dorado Place, Tucson, Arizona 85715
24 Hours Order Phone No: 602-886-2537
(Dealers: Write or phone for information)
STOCKING DISTRIBUTOR FOR SOUTHERN CALIFORNIA CONTACT: CALIFORNIA DIGITAL 213-679-9001
*Trademark: Radio Shack WATCH FOR MODULE “s50”
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3 POWERFUL INTERFACES
FOR THE TRS-80* AND

TRS-80TO S-100BUS
CABLE ADAPTER

* FULL INTERFACE: Contained within the cable assembly. is a small enclosure. This
enciosure contains all the logic to convert your TRS-80 to be compatible with.the
S$-100 bus system.

FULL BUFFERING: All address. data and signal lines are fully buffered

EASY CONNECTION: Itis easy to connect. Just plug the one end of the cable into
one slot on your S-100 system and plug the other end into the rear of the TRS-80
keyboard or between the expansion interface. Turn on and go

TWO EDGE CONNECTORS: Two addition 40 pin port edge connectors are provided
for other connection of expansion interfaces.

POWER: All power 1s derived from the S-100 bus structure. Since the TRS-80 will not
support other devices hooked 10 its power supply. It is a must that your S-100 supply

8-10 volts D.C Logic card contained within the cable has on board 5 volt regulator.
Currentrequirementsis 375 ma. Unit has separate terminal for exterior connection of
DC power requirement if it 1s to be supplied outside the S-100 bus system

FULL OPERATION MANUAL: Not much need for a manual. but we have prepared MOdEI CAB-BOK (k“) $99'95
one with full principal of operation. etc Model CAB-80A (assem.) $119.95

TRS-80TO S-100 BUS

FULLY SELF CONTAINED POWER SUPPLY. (10 AMP) R ———r

BUS TERMINATION: Bus termination and conditioning for no L $-100 BUS INTERFACE
cross talk or noise etc.

S-100 SIGNALS: All required S-100 signals are generated by
on board logic and is fully compatible with the TRS-80.

COMPLETE: Comes complete with cabinet, card guides,
on off switch and sockets. Nothing else to buy.

STAND ALONE: This system can stand alone or can operate
with the TRS-80. All input, output, address and signal lines
fully buffered between TRS-80 and S-100 BUS system.

EASY CONNECTION: Just plug it into therear of the keyboard

or between the keyboard and expansion interface. Also A

includes two 40 pin edge connectors for connection to other Model RSB-K (kit) $249.95
interfaces. Model RSB-A (assem.) $289.95

S-100 EPROM PROGRAMMER +3

*All the same features of the TRS-80 model. Comes
complete with interface cable, S-100 plug-in card.
Totally self-contained power supply, plus many
other extras.

Model EPR-100K (kit) $129.95
Model EPR-100A (assem.) $159.95

TERMS
CASH WITH ORDER, VISA, MASTER CHARGE. NO C.0.D.'S! PERSONAL CHECKS REQUIRE 3 WEEKS TO CLEAR.

ORDER FROM

WORLD POWER SYSTEMS, INC.

1161 N. El Dorado Place, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537

STOCKING DISTRIBUTOR FOR SOUTHERN CALIFORNIA CONTACT: CALIFORNIA DIGITAL 213-679-9001
‘Trademark: Radio Shack

Circle 390 on inquiry card. BYTE April 1979 79



Photo 4: The local constellations from 2937 light years against the back-
ground of the Milky Way.

Photo 5: Another side view of the Milky Way galaxy from 1 million light
years. The two small objects just below and to the right of the galaxy are the
large and small Magellanic Clouds.

80  April 1979 © BYTE Publications Inc

Text continued from page 74.
Other Possibilities

Computer enthusiasts who are also inter-
ested in astronomy or physics might want to
experiment with the Doppler shift effect
mentioned earlier—requiring a color graphics
display. Also, giving the stars colors related
to their surface temperatures might be in-
teresting. Another possibility would be the
addition of magnitude (brightness). The
IBM-1130 version calculated magnitudes and
used different printer characters to indicate
stars, but the 2250 does not have a pro-
grammable intensity control.

Another interesting possibility lies in the
three-dimensional nature of the model. If
two images were plotted side by side on the
screen at slightly different viewing angles, a
pair of stercoscopic viewing glasses would
permit a truly three-dimensional view. | have
experimented with the stereo three-dimen-
sional effect by placing similar Gould hard
copy plots side by side. The sense of depth
produced gives one a feeling of vertigo.

Since the model is animated, navigation
experiments are possible. Perhaps the algo-
rithms presented here could be written into
a game program producing the ultimate
celestial exploration game.®

GLOSSARY

Buffer: Temporary storage area in main mem-
ory, usually used to prepare or receive data
from input or to output devices.

Declination: The angle from the celestial
equator to the star. Equivalent to latitude
(—90 to 90 degrees).

Doppler shift: Apparent changes in frequency
due to direction of travel and speed. For
example, if you are moving towards an object
that is emitting light, the frequency of the
observed light is higher. The reverse is true
for the opposite direction of travel.

Extragalactic objects: Objects outside the
domain of a galaxy.

Light year: The distance light will travel in one
year at 186,284 miles per second (300,000 kilo-
meters per second) — about 5,870,000,000,000
miles.

Magnitude: The brightness of a star. Each unit
of magnitude signifies a difference in bright-
ness factor of 2.512,

Right ascension: The arc measured along the
equator, from O hours to the base of the star’s
vertical declination circle.




_FOR PERSONAL COMPUTER USERS

onComputin

A newquarterly by
the staffof BYTE

This totally new publication is entertaining, informative, and uncomplicated. It is edited for
the attomney, accountant, writer and other professional or business person aware of the
personal computer as a tool for business, education, home entertainment, laboratory work
and other applications.

Compiled and edited by the staff of BYTE, latest developmeénts covered in onComputing
will include creative uses of the small computer, books for the computer user, howand
- where to buy your nal computer and numerous features concerning the fascinating

onComputino "

GUIDE TO PERSONAL COMPUTING

SUBSCRIBE NOW! COMPLETE AND MAIL ATTACHED POSTAGE PAID REPLY CARD
onComputing, Inc. @ 70 Main Street B Peterborough, N.H. 03301 B Tel. 603/924-7217
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DIGITAL RESEARCH Martn [ Manu:

CP/M FDOS — Diskette Operatmg System complete with
Text Editor, Assembler, Debugger, File Manager and system
utilities. Available for wide variel cy of disk systems including
North Star, Helios Il, Micropolis. iCOM (all systems) and Altair.
Supports computers such as Sorcerer, Horizon, Sol System IlI,
Versatile, Altair 8800, COMPAL-80. i{COM Attache and TRS-
80. Specify desired configuration ............... $145/$25

MAC — 8080 Macro Assembler. Full Intel macro definitions.
Pseudo Ops include RPC, IRP, REPT, TITLE, PAGE, and
MACLIB. Z-80 library included. Produces Intel absolute hex
output plus symbols fite for use by SID (see below) $100/$15

SID — 8080 symbolic debugger. Full trace, pass count and
break-point program testing system with back-trace and histo-
gram utilities. When used with MAC, provides full symbolic
display of memory labels and equated values ...... $85/815

TEX — Text formatter to create paginated, page-numbered
and justified copy from source text files, directable to disk or
printer $85/$15

DESPOOL — Program to permit simultaneous printing of
data from disk while user executes another program from the
console $50/$1

MICROSOFT

Disk Extended BASIC* — New version, ANSI compatible
with long variable names, WHILE/WEND, chaining, variable
length file records 300/$25

FORTRAN-80" — ANSI '66 {except for COMPLEX) plus
many extensions. includes relocatable object complier, linking
loader, library with manager. Also includes MACRO-80 (see
BeIOW) .. e $400/$25

COBOL-80* — ANSI '74 Pseudo-compiler with relocatable
otﬁect runtime package. Format same as FORTRAN-80 and

0-80 modules. Complete 1SAM, interactive ACCEPT/
DISPLAY, COPY, EXTEND $625/$25

MACRO-80 — 8080/280 Macro Assembler. Intel and Zilog
mnemonics supported. Relocatable linkable output. Loader,
Library Manager and Cross Reference List utitities included

............................................. $149/$15

MACRO-80 plus FORTRAN subroutine library available. Li-
brary includes ABS, SIGN, EXP, DLOG, SQRT, DSQRT,
ATAN, DATAN etc.etCc. ............cuvuiiiiinas $219/$15

EDIT-80 — Very fast random access text editor for text with or
without line numbers. Global and intra-line commands sup-
ported. File compare utility included $89/$15

*See MICROPRO for Microsoft languages with sort capabilities.

XITAN (software requires Z-80 CPU)

Disk BASIC — Fast powerful interactive interpreter. PRI-

VACY password security. Can dynamically open a large

number of files simultaneously for random or sequential IO
............................................. $159/$20

Z-TEL — Text editing language. Expression evaluation itera-
tion and conditional branching ability. Registers available for
text and commands. Macro command strings can be saved on
diskforre-use ..............iiiiiiiiiiiiiiia $69/$20

ASM Macro Assembler — Mnemonics per intel with Z-80
extensions. Macro capabilities with absolute intel hex or re-
locatable linkable output modules 69/$20

LINKER — Link-edits and loads ASM modules ...$69/$20

Z-BUG debugger — Trace, break-point tester. Supports
decimal, octal and hex modes. Dissassembler 1o ASM
mnemonic set. Emulation technique permits full tracing and
break-point support through ROM 9/$20

Sottware -
with [ Manual O
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Softtware
with / Manual
Manual/ Alone
TOP Text Output Processor — Creates page-numbered,

justified documents from source text files. Available only as
part of A3 or A3+ package.

SUPER BASIC — Sub-set of Xitan Disk BASIC with exten-
sive arithmetic and string features but without random access
data file support. Available optionally with features to support
VDB Xitan video output board $99/$20

A3 package includes Z-TEL, TOP, ASM and Super BASIC
............................................. $249/$40

A3+ package includes Disk BASIC, Z-TEL. TOP, ASM,
Z-BUG and LINKER $409/$40

MICROPRO

Super Sort | — Sort, merge, extract ulility as absolute
executable program or linkable module in Microsoft format.
Sorts fixed or variable records with data in binary, BCD,
Packed Decimal, EBCDIC, ASCII, fioating, fixed point, expo-
nential, field justified, etc. etc. Even variable number of fields

perrecord! ... ... $250/$25
Super Sort || — Above available as absolute program only
............................................. $200/$25

ggper Sort lll — As 1l without SELECT/EXCLUDE . .$150/
5

ISAM — Callabie system with triple level index full ANSI level
Il COBOL capability. Utility included to convert existing se-
quential filesto ISAM ... .. .. L oLl 145/$25

Word Master Text Editor — in one mode has super-set of
CP/M's ED commands including global searching and replac-
ing, forward and backwards in file. In video mode, provides full
screen editor for users with serial addressable-cursor terminal

$150/$25

Corresponder — Mail list system, supporting form letter
generation with personalized greetings. Reference fields per-
mit sorting and extraction by name, address fields or reference
data using Super Sort. Requires CBASIC ......... $95/$25

BASIC/S — Mircrosoft BASIC with Super Sort Capability
$400/$25

FORTRAN/S — Microsoft FORTRAN-80 with Super Sort
capability $550/$25

COBOL/S — Microsoft COBOL-80 with Super-Sort capability
$800/$25

SOFTWARE SYSTEMS

CBASIC Disk Extended BASIC — Non-interactive
BASIC with ,Jseudo -code compiler and runtime interpreter.
Supports futl file control, chaining, integer and extended preci-
sion variables etc. Version 1 users can receive Version 2 and
new manual for $45 with return of originat diskette. Standard
CP/M and TRS-80 CP/M versions avaitable ....... $95/8$15

STRUCTURED SYSTEMS GROUP

General Ledger — interactive and flexible system providing
proof and report outputs. Customization of COA created inter-
actively. Multiple branch accounting centers. Extensive check-
ing performed at data entry for proof, COA correciness etc.
Journal entries may be batched prior to posting. Closing pro-
cedure automatically backs up input files. All reports can be
tailored as necessary. Requires CBASIC ........ $995/$20

Accounts Receivable — Open item system with output for
internal aged reports and customer-oriented statement and bill-
ing purposes. On-Line Enquiry permits information for Cus-
tomer Service and Credit departments. Interface to General
Ledger provided if both systems used. Requires CBASIC

............................................. $750/$20

Accounts Payable — Provides aged statements of ac-
counts by vendor with check writing for selected invoices. Can
be used alone or with General Ledger and/or with NAD. Re-
quires CBASIC ... .. ... ... ... $900/$20



Software for most popular 8080/Z80 computer disk
systems, including NORTH STAR, MICROPOLIS, iCOM, SD SYSTEMS,
HELIOS, ALTAIR, TRS-80 and 8" SOFT SECTORED formats.

Sottware
with / Manual
Manual/ Alone

O NAD Name and Address selection system — Interac-
tive mail list creation and maintenance program with output as

full reports with reference data or restricted information for mail
labels. Transfer system for extraction and transfer of selected
records to create new files. Requires CBASIC .. ... $79/$20

O QSORT — Fast sort/merge program for files with fixed record
length, variable field length information. Up to five ascending or
descending keys. Full back-up of input files created. Parameter
file created, optionally with interactive program which requires
CBASIC. Parameter file may be generated with CP/M assem-
bler utifity . ... .. $95/$20

OTHER

O Z80 Development Package — Consists of: (1) disk file
line editor, with global inler and intra-line facilities; (2_) 280
relocating assembler, Zilog/Mostek mnemonics, conditional
assembly and cross reference table capabilities; sa linking
loader producing absolute Intel hex disk file for CP/M LOAD,
DDT or SID facilities. Standard CP/M and TRS-80 CP/M ver-
sions available .............. ..ol $95/$15

O WHATSIT — Interactive data-base system using associative
tags to retrieve information by subject. Hashmg and random
access used for fast response. Requires CBASIC .$125/$25

O DISINTEL — Disk based disassembler to Intel 8080 or TDL/
Xitan Z80 source code, lising and cross reference files. Intel or
TDL/Xitan pseudo ops optional. Runs on 8080. Standard CP/M
and TRS-80 CP/M versions available ............. $65/$10

O DISZILOG — As DISINTEL to Zilog/Mostek mnemonic files.
Runs on Z80 only. Standard CP/M and TRS-80 CP/M versions
available ... $65/$10

[0 ZASM Assembler — Disk-based assembler for Zilog/
Mostek mnemonic Z-80 code. Creates output in absolute Intel
hex. Requires Z-80tooperate ................... $45/$10

O

|

Fill it In.

Lifeboat Associates, 164 West 83rd Street, New York, N.Y. 10024 {212) 580-0082

Please send me:

Software
with / Manual
Manual/ Alone

XYBASIC Interactive Process Control BASIC — Fuil
disk BASIC features plus unique commands to handle bytes,
rotate and shift, and to test and set bits. Available in Integer.
Extended and ROMable versions ......... From $295/$25

SMAL/80 Structured Macro Assembled Language
— Package of powerful general purpose text macro processor
and SMAL structured language compiler. SMAL is an assem-
bler language with IF-THEN-ELSE, LOOP-REPEAT-WHILE,
DO-END, BEGIN-END constructs ................ $75/8$15

Selector Il — Data Base Processor to create and maintain
single Key data bases. Prints formatied, sorted reports with
numerical summaries. Available for Microsoft and CBASIC
(state which). Supplied in sourcecode ........... $195/$20

Selector Il — Multi (i.e., up to 24) Key version of Selector II.
Comes with applications programs including Sales Activity. In-
ventory, Payables, Receivables, Check Register, Expenses,
Appointments, and Client/Patient. Requires (Q,BASIC Supplied
insourcecode ............ .. i, $295/$20

BASIC Comparison — A comprehensive teatures and per-
formance analysis of five 8080 disk BASIC languages —
CBASIC, BASIC-E, XYBASIC, Microsoft Disk Extended
BASIC, and Xitan's Disk BASIC. Itemizes results of 21 different
benchmark tests for speed and accuracy and lists instructions
and features of each BASIC ... ... (send 20¢ S.A.S.E.) FREE

TRS-80
FORTRAN PACKAGE
Professional Disk-Based
Language and Utility Package
Written by Microsoft, creators of Level Il BASIC. the
package runs on a TRS-80 system with 32K RAM. one
or more drives and TRSDOS. The software is supplied
on diskettes and consists of a relocatable machine
code FORTRAN Compiler. Macro Assembler. a Link-
ing Loader, Subroutine Library. Text Editor ..... 8325

l

Software Price
O manual alone
O manual alone
Sub total
O Check enclosed 3 U.P.S. COD "1 B
O visa [ Master Charge Shipping
Account # Exp. Date $1.00 for C.0.D.
. Total
Signature Disk systems and formats. North Star
s:Bgzh‘a;sor double den/s/i% 1BM slin%e o’l
i i ifvi i . 20:256. Altan. Hehos Ii. Micropol's Mod
My computer configuration (specifying disk system): o 11, %" Sof sector (Miere \COM SD
Sates/Dynabyte). etc
Add $1'itemn shipping ($2 min.) Add §1
Name adcitonai for URS C.0.D.
Manual cost apphcable agamnst price of
Address (No. P.O. Box) subsequent software purchase.
The sale of each proprietary soltware
City State Zip package conveys a hcense lor use on

one sy only.

EFFECTIVE MARCH 1, 1979

"™ The Software Supermarket is a trademark Ol Lifeboat Associates
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Marsport, Here | Come

Delmer D Hinrichs

2116 S E 377th Av The Threé-DimenSional Celestial

Washougal WA 98671

SPACESHIP
-90° 90°
—_— e ————— .
y / y
/
/
4
ORBIT—/
I\’/
TARGET LANDING SITE
Figure 1: Mars, with the
orbiting spaceship and the
target landing site. Both Introduction
rectangular and spherical
coordinate systems are The motion of a freely falling body in a
shown. gravity field has many interesting character-

istics. One of the better methods of showing
this is with a simulation, in this case written
for the Hewlett-Packard HP-67 or HP-97
programmable calculator.

Lunar lander simulation programs, in
which the application of thrust is used to
counteract gravity, have become quite popu-
lar. Extending the lunar lander concept to
two dimensions allows study of the motion
of bodies in orbit. Further extension to
three dimensions, as in this program, makes
it possible to investigate orbital plane
changes. Since Mars has a much stronger
gravity field than the moon, the effect of
gravity is accentuated.

84  April 1979 © BYTE Publications Inc

Running the Program

This program is designed as a three-
dimensional Mars lander so you can exercise
your three-dimensional visualization of
space. With a limited fuel supply you can
pilot a spaceship from its initial orbit around
a spherical simulation of Mars to a soft
landing at a designated target site on Mars’
surface. The initial orbit does not pass over
the target site. The three-dimensional tra-
jectory of the spaceship is calculated as a
series of segments under your control.

Realistic features of the program include:

e True inverse square law gravity acts
upon the estimated midpoint of each
trajectory segment.

® The thrust of the spaceship’s rocket
engine simulates the use of ahydrogen-
oxygen fuel, with an exhaust velocity
of 4 km/s.

® The spaceship loses mass as fuel is
used; with less total mass, the space-
ship accelerates more rapidly for the
same fuel usage rate.

® If the limited fuel supply is exhausted,
the spaceship automatically free-falls
to impact on the surface of Mars.

® After impact with or landing on Mars’
surface, the actual landing position,
velocity, and remaining fuel are inter-
polated from the segment-end condi-
tions immediately before and after
impact. Also, the distance along the
spherical surface of Mars from the
impact site to the target site is
calculated.

To avoid some pilot errors, there are
data entry checks: the maximum fuel
usage rate is limited to 100 kg/s. The maxi-
mum segment duration is limited to 60
seconds. If an attempt is made to burn
more fuel than actually remains, only the
actual remaining fuel is burned.



Mechanics Simulation for the HP 67/97

One difficult part of landing the space-
ship with this program is to correctly
interpret exactly where the spaceship is and
where it is going at all times; that is, to
visualize its movement in three dimensions.
To make this as easy as possible, the position
is displayed as the spaceship’s altitude from
Mars’ spherical surface, plus two position
angles, ¢ and 0, as shown in figure 1. The
coordinate system is fixed with the origin at
the center of Mars, and both position angles
equal Oatthedesignated targetlandingsite. If
Mars is considered as a globe like the Earth,
then angle ¢ is degrees of longitude and
angle @ is degrees of latitude. The X,Y plane
intersects Mars’ surface along its equator.
Therefore, angle ¢ is /n the X,Y plane, and
angle 0 is from the X,Y plane. Then Z and
—Z are the north and south poles, respec-
tively. The maximum range of angle ¢ is
+(0° to 180°), while the maximum range of
angle 6 is £(0° to 90°). Note that when angle
8 is exactly £90°, angle ¢ is indeterminate.

Similarly, the spaceship’s velocity is dis-
played as a magnitude and two velocity
angles, ¢ and 8. The velocity vector is paral-
lel to the vector from the origin to a position
with the same angles. Thus if velocity angles
¢ and 6 are both 0, the spaceship’s velocity
is paralle! to the X axis, and toward more
positive X values, regardless of the space-
ship’s position.

Now that we know where we are and
where we're going, let us check out the space-
ship’s operation, summarized in table 1. We
must first decide on the initialization
method we want to use. To start with a
relatively easy landing problem, use the
fixed initialization on the Three-Dimensional
Mars Lander program card (program listing
1); this always puts the spaceship in the
same position and at the same velocity in
a nearly circular orbit. When landing from
this fixed initialization becomes too easy,
use one of the random initialization routines
of program listing 2; these put the spaceship
at a random altitude (107 to 3,607 km), in a

Step

Instructions

Prepare for Three-Dimensional Mars landing—
Use either:

{a) Fixed initialization:
(1) Load Three-Dimensional Mars Lander
program;
(2) Initialize;
{3) Go to step 2.

(b) Random initialization:

(1) Load Random l[nitialization Program;

(2) Optionally, enter a random seed;

(3) Optionally, spin for a random seed,
wait for a few seconds, then stop;

{4) Initialize for a random circular orbit,
or for a random elliptical orbit;

(5) Load Three-Dimensional Mars Lander

Optionally, reset segment duration, t seconds.
Enter either a free-fall or a rocket burn:
{a) Free-fall n segments of t seconds each;

{b) Rocket burn for one segment of t seconds;
(1) Angle of thrust @, degrees;
(2) Angle of thrust 0, degrees;
(3) Fuel usage rate, kg/s; (0 thru 100)

To calculate next trajectory segment, go to Step 2.

Notes

Input Keys
E
LXXXXXX B
A
R/S
C
E
t C
n A
®  ENTER
[V] ENTER
kgls B

Output

0.000
Status

0.000
0.xxx

1.000

Status
Status

t/2

Status

Status

When fuel is gone, there is a print/pause of 10000, then the spaceship free-falls

to impact.

After Mars impact, there is a print/pause of 3393, then the landing status is

displayed.

Status is a double stack review of:

(a) Segment time, seconds (after landing, impact-to-target distance, km);

(b) Position angle ¢, degrees;

{c) Position angle 8, degrees;

(d) Ship’s altitude, km (after landing, vertical error of estimated position);

(e) Remaining fuel supply, kg;
(f) Velocity angle @, degrees;
{g) Velocity angle 0, degrees;
(h) Ship’s velocity, km/s.

Any status display may be repeated by pressing D.

Stack

Register

T

r4
Y
X
T
r4
Y
X

Table 1: Operating instructions for the optional random initialization pro-
gram and for the Three-Dimensional Mars Lander program.
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random three-dimensional direction from
Mars, and going in a random direction. The
circular initialization puts the horizontal
spaceship in a circular orbit. The elliptical
initialization puts the spaceship at a random
location on an orbit of random ellipticity.
Some of these elliptical orbits may even-
tually terminate on Mars if not modified.

To repeat the same initial conditions with
the random orbits, enter the same random
seed prior to initialization. For an unpredict-
able initial status, use the SPIN routine,
which increments the random seced until it
is manually stopped. Repeated pressing of
the C or E keys gives a different initial status
each time.

After initialization, the user may change
the segment duration (segment time stays
as set until reset), then decide whether to
free-fall or to make a rocket burn for each
segment. Any number of segments of free-
fall may be calculated automatically, with-
out intermediate status displays. It is best
not to free-fall too many segments at a time
initially. Rocket burns are made onc scg-
ment at a time by specifying the three-
dimensional thrust angles and the fuel usage
rate for each segment. At a fuel usage rate
of 100 kg/s, the initial acceleration rate is
about 0.45 gs, gradually increasing to about

4 gs as fuel is used up (gs are units of
acccleration: at the Earth’s surface, the
acceleration of gravity is 1g, or 9.81 m/s2).
Of course, lower fuel usage rates will give
lower acceleration rates. To reverse the
direction of a vector in three dimensions
(to reduce velocity), add £180° to velocity
angle ¢ and change the sign of velocity angle
6 to get the required thrust angles. (See
figure 1 to help visualize this.) Segment du-
ration, thrust angles, and fuel usage rate may
be decimal numbers; the number of seg-
ments of free-fall must be an integer.

With the fixed initialization, the space-
ship starts at position angles of ¢ = 45° and
8 = 35.264° (see figure 1). If the spaceship
were over the Earth instead of over Mars,
this would correspond to a position about
175 km north of Baghdad, in lrag. The
designated landing site is at position angles
of = 0" and 6 = 07, or (on the Earth)
on the equator and on the Greenwich
meridian, due south of Ghana off the
Atlantic coast of Africa. [nitially, the orbit
of the spaceship is horizontal and it is
heading due west. If it were over the Earth,
the orbit would not cross the equator
until just off the east coast of South

Text continued on page 100.

PERFORMANCE.

PASCAL

The new Pascal Computer System Is driven by 8 unigue 16-
bit Pascal MICROEN{GIME™ — the first microprocessor hard-
ware designed exclusively for direct high-level language
execution. @ The processor is incorporated into a single
board computer system, the WD/90, which directly executes
Pascal intermediate code generated by the University of
California at San Diego (UCSD) Pascal compiler, Release
111.0. ® Since P-code output by the Pascal compiler repres-
ents an ideal architecture for a computer executing Pascal
programs and since the WD/90 directly executes P-code (no
interpreter), these programs execute up to five or more
times faster than equivalent systems.

Tha WD/B0 Pascal MICROENGINE™ Computer
includes: B Pascal
Rrocessor B 64K bytes of RAM Memory B Two
S$-232 asynchronous/synchronous ports {110-19.2K

baud-full duplex) ® Two 8-bit parallel ports (500 kHz

maximum data rate) B Floppy disk controller with direct memory access
(DMA), switch selectable for: single or double density (IBM format); mini or
standard floppy; 1 to 4 drives (same type) B Floating point hardware
|IEEE standard) ® Memory Mapped
Complete UCSD Pascal Operating System (Release 111.0)

{proposed
supply

WESTERN DIGITAL

3128 Redhill Avenue, Box 2180 e Newport Beach, CA 92663
(714) 557-3550, TWX 910-595-1139

FOR FURTHER INFORMATION CONTACT
DISTRIBUTOR: CIT (714) 979-9920

RETAIL: Your LOCAL COMPUTER Store

OEM: Your WESTERN DIGITAL Sales Representative

MICROENGINE™

170 ® Enclosed power
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510.00

For the first time:
Hard-to-obtain
computer music
material has been
collected into one
convenient, easy-to-
read book.

CHRISTDHIBR%m:%
: The BYTE Book of
\ Computer Music com-
bines the best from
past issues of BYTE
magazine with exciting new material
of vital interest to computer experimenters.

The articles range from flights of fancy about the reproductive
systems of pianos to Fast Fourier transform programs

written in BASIC and 6800 machine language. Included in

this fascinating book, edited by Christopher P. Morgan,

are articles discussing four-part melodies, a practical music
interface tutorial, electronic organ chips, and a remarkable
program that creates random music based on land terrain maps!

ISBN 0-931718-11-2 $10.00
™
Buy this book at your favorite computer book B U"
store or order direct from BYTE BOOKS :
Add 50¢ per book for postage and handling Eﬂ [—] NE

"BOOKS OF INTEREST TO COMPUTER PEOPLE"

70 Main Street Peterborough, New Hampshire 03458
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SET SEGMENT TIME

LABELC

NO

STARY

ROCKET BURN
LABEL B

STARTY

NO

CALCULATE FUEL USAGE,
SHIP'S NEW MASS

AF2F YES

3

NO

ST
St

Figure 2: Simplified flow
diagram for the Three-
Dimensional Mars Lander
program.
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ORE NEW
GMENT TIME

UPDATE VELOCITY
FOR ROCKEY BURN
FREE -FALL
LABEL A
STORE FREE-FALL
LOOP COUNT
ESTIMATE SHIP'S POSITION
FOR GRAVITY CALCULATION r

FIXED INITIALIZATION:
LABEL E

STYARY
CLEAR FLAG AND
REGISTERS

STORE CONSTANTS

STORE SHIP'S
POSITION

STORE SHIP'S
VELOCITY

SHIFT DATA TO
SECONDARY REGISTERS

CALCULATE A VELOGITY
FOR ROCKET BURN

|

CALCULATE GRAVITY, UPDATE
VELOCITY FOR GRAVITY

]

[ UPDATE SHIP'S POSITION FOR ‘

AVERAGE SEGMENT VELOCITY

1

I SET "NO FUEL" FLAG —I

SHOW "10000"

! BURN ONLY
REMAINING FUEL

(A o]

YES
NO
CALCULATE THE
INTERPOLATION RATIO

l

SHIFY DATA TO
SECONDARY REGISTERS

CALCULATYE SHIP'S POSITION,
VELOCITY, AND FUEL

CALCULATE MISS DISTANCE,
IMPACT SITE TO TARGET

YES

DISPLAY

l ALTERNATE CALCULATION ]

;

LABEL D

RECALL SEGMENT TIME
AND SHIP'S PDSITION

DISPL AY STACK

RECALL REMAINING FUEL
AND SHIP'S VELOCITY

DISPLAY STACK




OFFERS A NEW CONCEPT IN
SOFTWARE PRESENTATION FOR
IT°S EXCITING LINE OF PROGRAMS

PRS MAKES A BREAK-
THROUGH IN
DOCUMENTATION

Every PRS program comes with a com-
plete and instructive handbook. This
unique documentation is written in clear
and easy-to-understand English. PRS
offers you a true fluency in computer-
user dialogue.

MICROFILE: A NEW DATAFILE
MANAGEMENT PROGRAM

With PRS MICROFILE you can: Man-
age any list of items. Edit files. Sort
items alphanumerically. Search by keys.
Total columns. Justify columns. Save
and retrieve data with mass storage
media.

PRS MICROFILE documentation also
solves one of the major concerns of be-
ginners. A special chapter explains how
you can interface newly acquired soft-
ware with you specific configuration.

CORE: AN INDISPENSABLE
“BRAIN-SURGEON"’

This PRS program is essential for the
TRS-80 level II.

Here’s a partial list of commands: Ex-
amine and modify memory. Display
memory in Hex, ASCII, or CPU
registers. Enter ASCII in memory. Fill

VRO T

Circle 309 on inquiry card.

memory. Move block of memory. Verify
memory. Locate string. Branch to
routine. Go to and execute (two break-
points available). Hex arithmetic. Ques-
tion input ports and command output
ports. Tape Cue, on/off. Read file in
memory (bias available). Write file from
memory. Memory test. Etc. Disk version
soon available.

A2FP: A PLOTTING PROGRAM
FOR APPLE 1l

This PRS program is a ““‘modern age” tool
for students, engineers and researchers.
A2FP plots 2-dimensional functions in
HIRES graphics. Uses the full screen
(280 x 192 points.) Plots on Cartesian
coordinates. Gives complete parameters
of plotted curves. Superimposes plots.
Offers many plotting modes.

DDS II: THE FAMOUS
DYNAMIC DEBUGGING
SYSTEM

DDS Il is incredibly powerful. Although
designed for microcomputers, it is even
more sophisticated than the built-in de-
bugging environments supported by
most large main frames.

DDS 11 assembles and disassembles all
8080 code. Performs ‘‘software open-
heart surgery’’, artfully displaying on

-

the screen all registers, program instruc-
tions and memory. Simulates dual
screen capability. You can switch on
command from the DDS Il display to
the program output. It’s like having two
video monitors for the price of one. Up-
dates the display while monitoring the
program. Includes a full array of
monitoring tools. TRS-80 version soon
available.

PRS PROGRAMS ARE
PROTECTED IN A BEAUTIFUL
CASSETTE OR DISK FOLDER
The PRS cassette or floppy disk and
manual for your PRS programs are pro-
tectively nestled in an efficient and
durable gold-imprinted folder.

PRS SUPPORTS YOUR MAJOR
BRANDS

Over 20 packages are currently avail-
able. Use the coupon below for a com-
plete description of each PRS program
and listing of versions produced for each
program.

VISIT YOUR NEAREST DEALER
TODAY

Let your dealer demonstrate the ex-
cellence of PRS programs.
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Listing 1: Mars Lander program for the HP 67/97 programmable calculator. Clear flags, set for DEG, and set display to FIX 3
before recording program. User entry points are capitalized in comments.

Location Program Steps Commentary
001 (L ) (CEex ) (2 ) (x<v2 ) (X2 ) (_RI ) ROCKET BURN: Check fuel usage rate,
007 (Reea) (x ) (ree7) C - calculate mass loss.
o1 (Ccus D) (Crero ) (Cxry ) (Y2 ) Fuel gone?
015 (GSBQ ) C R{ j ( sSTO7 ) Update ship's mass and velocity for burn.

018 (ssix Y (C = ) (Cw H C4a
022 (Gsea ) (1 )

024 (LeL Aj (st1 ) FREE-FALL: Store number of segments.
026 (CweLo ) (@Gsed ) (cro ) Free-fall loop: Calculate position for
029 m CX_z—) ( RCL A) ( XY ) gravity update, update velocity for

033 C + ) ( RCL D) ( GSB a ) CPZS j gravity, update ship’s position.

037 (CreLd Y C + ) C Rt ) (CRCLE)
041 C + DY (CRrt ) (Crees)y C + O (Cmrt D
046 (pes ) (sFo ) (GsBb)

049 (RcLe ) (x#ry?2 ) (x>v?2) (gr07) Impact?

053 (C - ) (sto8 ) (GsBa ) Shift data.

056 (CrFrr1 ) (Cevoo) (ReLo) No fuel?

059 ( X! j (obsz2 ) (G100) More free-fall segments?

062 (wBLD ) (GsB2 ) (RCLE) DISPLAY: Current segment time, position,
065 C = ) (Creea) C R ) (Cstk ) fuel, and velocity status.

069 (reL7 ) (CreLs) C =)
072 (csed ) (GsBe ) (. stk ) C RIN )

076 (CLeLa ) C x ) CpP>R ) (C Rt ) (x2y ) Subroutine; Spherical to rectangular, then
081 (PR ) (st0-4) (Rl ) (s1t0-5) update velocity.

085 C Rt ) (st0-%6)

087 CeLd ) CRcLs ) (RCLS) Subroutine; Recall velocity.

090 (RcL4 ) (CRIN )

092 C teLb ) (RrReee ) (. x ) Subroutine; Calculate new position, then
095 C RCL 1 ) C + ) ( F?0 j store new position only if |

098 (sto1 ) C Rt ) (Rees) C x ) flag O is set.

102 CreL3 ) C + ) (CFro)

105 (st03 ) C Rt ) (rees) C x )

109 CreL2 ) C + ) (F0)

112 (s102 ) (. Rt )

114 (CiBLe ) (CRreP ) (R ) (X2y ) (Rt ) ((RTIN )  Subroutine; Rectangular to spherical.
120 Crap ) (CBLa) (7 D) (x& ) (st00) Subroutine; Shift final segment data into

Listing 1 continued on next page.
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BEYOND TRS-¢

When Microsoft put Level [l BASIC on

TRS-80, you got a glimpse of its full
potential.

Now Microsoft introduces:

TRS-80 Fortran

and TRS-80 will never be the same!l

TRS-80 FORTRAN includes the finest
Z-80 development software available:

Z-80 Macro Assembler, versatile Text Editor,
and Linking Loader.

Circle 228 on inquiry card. TOtal price: Only $350.00

TO: Microsoft. 10800 NE Eighth, Suite 819. Bellevue, WA 98004 [ @{lleRisl-Xeloli]elelgi-1a[c HOI3IB] 5
NOW, or send for free
[0 send me free TRS-80 FORTRAN overview. overview for more details

[J send me TRS-80 FORTRAN and Z-80 development soft- about TRS-80 FORTRAN.
ware for $350.00.

TRS-80 FORTRAN Is supplied on
two minidiskettes and requires a
32K system with one disk drive.

O check enclosed [ master charge [ visa
Card Number Exp. Date Dealer inquiries invited.

Cardholder's Signature

Name MICROSOFT

ABEIEES 10800 NE Elighth, Suite 819
City State Zip Bellevue, WA 98004

M IS SR ARNNE RN R N SR RSN e




Listing 1, continued:

125

129

133

136

138

142

144

147

151

155

158

162

166

172

175

178

180

185

188

193

197

201

205

208

211

214

215

220

(e ) (RCLIi))

(Ce2s ) (st00))

Cree2s ) (bpszz )

Caero8 ) ( RTN )

(L2 ) (RrRcL3 ) (RCL2)

(RcL1 ) (GT0c)

CweL7 ) C—x-) C - D Xx=0?

(cTo6 ) (s10-8)

(sto+8) C 7

) (st )

CeLs ) Cpzs ) (reediy) (C p=s

(reL ) C - ) (Creee) (

(sto-(i)) (bszz ) (GT05)

(CweLs ) (aesB2 ) (C Rt ) ( cos

D

Cxzy ) Ccos ) C x ) (Ccosh)

s ) (o

) C ) (2

D (2

) (C«x

D)

( x#02 ) (Gro3) (RCL2)

(Cree3) (Cror ) (BL3)

(stoA ) (GT10D)

CeLe) (Csfr1 ) C x ) (x2v ) (rRIN)

(L ) (CcF1 ) (CLREG)

Cs3 ) Cs ) (Coe ) (3 ) (smoe)
C O O & 3D
(stob ) Ceex ) C a4 ) (s109)

C 9 ) ( x ) (smo7) (Gssc)

C =+ ) (Cs01) (s102)

(st03 ) (2 ) (st04)

(cHs ) (st05 ) (GsB4 )

CeLC ) 6 ) C o ) (Cxvr) ( x2v)

C
(stoA) (2 )

D o) (R

secondary registers.

Subroutine; Recall position.

(i)
Impact; Exactly on surface?
Calculate interpolation ratio,
then interpolate position,
velocity, and fuel

data for instant of impact.

Calculate miss distance;

if zero, alternate calculation:

Display impact status.

Subroutine; Out of fuel.

INITIALIZE: Store constants, the fixed

initial position and velocity,

then display the initial status,

SEGMENT TIME: Check and store.

Listing 2: Optional random initialization for Mars Lander. Clear flags, set for DEG, and set display to FIX 3 before recording
program. User entry points are capitalized in comments.

Location Program Steps

001 (CeLc) (sF2 )

003 (weLe ) C 6 Y C o ) (Cstoa) C 2 )

008 (s D)(Cstos) (4 (3 H(Ceex)y (3
014 (stop) C 3 )Y (C 3 ) Cs9 HC 3

019 (st0e ) C_ 9 ) ( EEX ) Ca D

92 April 1979 © BY TE Publications Inc

Commentary

CIRCULAR: Set for random circular orbit.
ELLIPTICAL: Setsegment time, gravity
constant, Mars radius,

ship’s mass, ship’s random radius

¢andg.

Listing 2 continued on page 98.
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THE BYTE BOOK OF COMPUTER MUSIC combines
the best computer music articles from past issues of
BYTE Magazine with exciting new material—all written
for the computer experimenter interested in this
fascinating field.

You will enjoy Hal Chamberlin's “A Sampling of
Techniques for Computer Performance of Music’,
which shows how you can create four-part melodies
on your computer. Forthe budget minded, “A$19 Music
Interface” contains practical tutorial information—and
organ fans will enjoy reading “Electronic Organ Chips
For Use in Computer Music Synthesis”.

New material includes “Polyphony Made Easy” and
“A Terrain Reader”. The first describes a handy circuit
that allows you to enter more than one note at a time
into your computer from a musical keyboard. The
“Terrain Reader” is a remarkable program that creates
random music based on land terrain maps.

Other articles range from flights of fancy about the
reproductive systems of pianos to Fast Fourier trans-
form programs written in BASIC and 6800 machine
language, multi-computer music systems, Walsh
Functions, and much more.

For the first time, material difficult to obtain has been
collected into one convenient, easy to read book. An
ardent do-it-yourselfer or armchair musicologist will
find this book to be a useful addition to the library.

ISBN 0-931718-11-2

Editor: Christopher P. Morgan
Pages: approx. 128

Price: $10.00

SUPERWUMPAS is an excit-

ing computer game incorpo-
rating the original structure of
the WUMPUS game along
with added features to make
it even more fascinating. The
original game was described
in the book What To Do After
You Hit Return, published by
the People’s Computer Com-
pany. Programmed in both
6800 assembly language and

4 FHFEHELTE et

BASIC, SUPERWUMPUS is not only addictively fun,
but also provides a splendid tutorial on setting up
unusual data structures (the tunnel and cave system
of SUPERWUMPUS forms a dodecahedron). This is a
PAPERBYTE™ book.

ISBN 0-931718-03-1
Author: Jack Emmerichs
Pages: 56
Price: $6.00

TINY ASSEMBLER 6800,
Version 3.1isanenhancement

of Jack Emmerichs’ success- @u Y
‘ _,l:;'i'

- 008

» PRPEFEVIE vk

ful Tiny Assembler. The origi-
nal version (3.0) was described
first in the April and May 1977
issues of BYTE magazine,
andlaterinthe PAPERBYTE™
book TINY ASSEMBLER
6800 Version 3.0.

In September 1977, BYTE ™
magazine published an article

entitled, “Expanding The Tiny Assembler”. This pro-
vided a detailed description of the enhancements
incorporated into Version 3.1, such as the addition of a
“begin” statement, a “virtual symbol table”, and a
larger subset of the Motorola 6800 assembly language.

All the above articles, plus an updated version of the
user's guide, the source, object and PAPERBYTE™
bar code formats of both Version 3.0 and 3.1 make this
book the most complete documentation possible for
Jack Emmerichs’ Tiny Assembler.

ISBN 0-931718-08-2
Author: Jack Emmerichs
Pages: 80

Price: $9.00

A walk through this book brings you into Ciarcia’s
Circuit Cellar for a detailed look at the marvelous
projects which let you do useful things with your micro-
computer. A collection of more than a year's worth of
the popular series in BYTE magazine, Ciarcia’s Circuit
Cellar includes the six winners of BYTE's On-going
Monitor Box (BOMB) award, voted by the readers
themselves as the best articles of the month: Control
the World (September 1977), Memory Mapped 10
(November1977), Program Your Next EROMinBASIC
(March 1978), Tune In and Turn On (April 1978), Talk
To Me (June 1978), and Let Your Fingers Do the Talking
(August 1978).

Each article is a complete tutorial giving all the details
needed to construct each project. Using amusing
anecdotes to introduce the articles and an easy-going
style, Steve presents each project so that even a
neophyte need not be afraid to try it.

ISBN 0-931718-074
Author: Steve Ciarcia
Pages: approx. 128
Price: $8.00




is right now!

BASEX, a new compact, compiled language for micro-
computers, has many of the best features of BASIC
and the 8080 assembly language—and it can be run
on any of the 8080 style microprocessors: 8080, Z-80,
or 8085. This is a PAPERBYTE™ book.

Subroutines in the BASEX operating system typically
execute programs up to five times faster than equiva-
lent programs in a BASIC interpreter—while requiring
about half the memory space. In addition, BASEX has
most of the powerful features of good BASIC inter-
preters including array variables. text strings, arithme-
tic operations on signed 16 bit integers, and versatile
IO communication functions. And since the two lan-
guages, BASEX and BASIC, are so similar, itis possible
to easily translate programs using integer arithmetic
data from BASIC into BASEX.

The author, Paul Warme, has also included a BASEX
Loader program which is capable of relocating pro-
grams anywhere in memory.

ISBN 0-931718-05-8
Author: Paul Warme
Pages: 88

Price: $8.00

PROGRAMMING TECH-
NIQUES is a series of BYTE
BOOKS concerned with the
art and science of computer
programming. ltis a collection
of the best articles fromBYTE
magazine and new material
collected just for this series.
Each volume of the series
provides the personal com-
puter user with background
informationto write and main-
tain programs effectively.

The first volume in the Programming Techniques
series is entitted PROGRAM DESIGN. It discusses
in detail the theory of program design. The purpose
of the book is to provide the personal computer user
with the techniques needed to design efficient, effec-
tive, maintainable programs. Included is information
concerning structured program design, modular pro-
gramming techniques, program logic design, and
examples of some of the more common traps the
casual as well as the experienced programmer may
fall into. In addition, details on various aspects of the
actual program functions, such as hashed tables and
binary tree processing, are included.

adlvivaldn

ISBN 0-931718-12-0
Editor: Blaise W. Liffick
Pages: 96

Price: $6.00

SIMULATION is the second volume in the Program-
ming Techniques series. The chapters deal with
various aspects of specific types of simulation. Both
theoretical and practical applications are included.
Particularly stressed is simulation of motion, including
wave motion and flying objects. The realm of artificial
intelligence is explored, along with simulating robot
motion with the microcomputer. Finally, tips on how
to simulate electronic circuits on the computer are

detailed.
ISBN 0-931718-139
Editor: Blaise W. Liffick
Pages: approx. 80
Price: $6.00
Publication: Winter 1979

to order books see next page.....

RA6800ML: AN M6800 RELOCATABLE MACRO
ASSEMBLER is a two pass assembler forthe Motorola
6800 microprocessor. It is designed to run on a mini-
mum system of 16 K bytes of memory, a system
console (such as a Teletype terminal), a system monitor
(such as Motorola MIKBUG read only memory pro-
gram or the I[COM Floppy Disk Operating System),
and some form of mass file storage (dual cassette
recorders or a floppy disk).

The Assembler can produce a program listing, a sorted
Symbol Table listing and relocatable object code. The
object code is loaded and linked with other assembled
modules using the Linking Loader LINK68. (Refer to
PAPERBYTE™ publication LINK68: AN M6800
LINKING LOADER for details.)

There is a complete description of the 6800 Assembly
language and its components, including outlines of
the instruction and address formats, pseudo instruc-
tions and macro facilities. Each major routine of the
Assembiler is described in detail, complete with flow
charts and a cross reference showing all calling and
called-by routines, pointers, flags, and temporary
variables.

In addition, details on interfacing and using the
Assembiler, error messages generated by the Assem-
bler, the Assembler and sample [O driver source code
listings, and PAPERBYTE™ bar code representation
of the Assembiler's relocatable object file are all included.

This book provides the necessary background for
coding programs in the 6800 assembly language, and
for understanding the innermost operations of the
Assembler.

ISBN 0-931718-104
Author: Jack E. Hemenway
Pages: 184

Price: $25.00
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LINK68: AN M6800 LINKING LOADER is a one
pass linking loader which allows separately translated
relocatable object modules to be loaded and linked
together to form a single executable load module, and
to relocate modulesinmemory. It produces aload map

andaload module in Motorola MIKBUG loader format.
The Linking Loader requires 2 K bytes of memory, a

system console (such as a Teletype terminal), a sys-
tem monitor (for instance, Motorola MIKBUG read
only memory program or the ICOM Floppy Disk
Operating System), and some form of mass file stor-
age (dual cassette recorders or a floppy disk).

It was the express purpose of the authors of this
book to provide everything necessary for the user
to easily learn about the system. In addition to the
source code and PAPERBYTE™ bar code listings,
there is a detailed description of the major routines of
the Linking Loader, including flow charts. While imple-
menting the system, the user has an opportunity to
learn about the nature of linking loader design as well
as simply acquiring a useful software tool.
ISBN 0-931718-09-0

Authors: Robert D. Grappel
& Jack E. Hemenway

Pages: 72

Price: $8.00

Winter 1979

TRACER: A 6800 DEBUGGING PROGRAM is for
the programmerlookingfor gooddebugging software.
TRACER features single step executionusing dynamic
break points, register examination and modification,
and memory examinationand modification. This book
includes a reprint of “Jack and the Machine Debug”
(from the December 1977 issue of BYTE magazine),

TRACER program notes, complete assembly and
source listing in 6800 assembly language, object
program listing, and machine readable PAPERBYTE™
bar codes of the object code.

ISBN 0-931718-02-3

Authors: Robert D. Grappel
& Jack E. Hemenway

Pages: 24

Price: $6.00

MONDEB: AN ADVANCED M6800 MONITOR-
DEBUGGER has all the general features of Motorola'’s
MIKBUG monitor as well as numerous other capabili-
ties. Ease of use was a prime design consideration.
The other goal was to achieve minimum memory
requirements while retaining maximum versatility.
The result is an extremely versatile program. The size
of the entire MONDEB is less than 3 K.

Some of the command capabilities of MONDEB in-
clude displaying and setting the contents of registers,

setting interrupts for debugging, testing a program- |

mable memory range for bad memory locations,
changing the display and input base of numbers,
displaying the contents of memory, searching for a
specified string, copying a range of bytes from one
location in memory to another, and defining the loca-
tion to which control will transfer upon receipt of an
interrupt. This is a PAPERBYTE™ book.

ISBN 0-931718-06-6
Author: Don Peters
Pages: 88

Price: $5.00

BAR CODE LOADER. The purpose of this pamphlet
is to present the decoding algorithm which was de-
signed by Ken Budnick of Micro-Scan Associates at
the request of BYTE Publications, Inc, for the PAPER-
BYTE™ bar code representation of executable code.
The text of this pamphlet was written by Ken, and
contains the general algorithm description in flow
chart form plus detailed assemblies of program code
for 6800, 6502 and 8080 processors. Individuals with
computers based on these processors can use the
software directly. Individuals with other processors can
use the provided functional specifications and detail
examples to create equivalent programs.

ISBN 0-931718-01-5
Author: Ken Budnick
Pages: 32

Price: $2.00

D S S S S S S S S S S S S S S S s S S S S S S S S S S S o
BYTE BOOKS Division e 70 Main Street ® Peterborough, New Hampshire 03458 :

Name Title

Stieel City
Check enclosed in the amount of $

Company

Staie/Province Code

L1Bill Visa [ Bill Master Charge Card No. Exp. Date
Please send the books | have checked.

Computer Music $10.00 Simulation $6.00

SUPERWUMPUS $6.00 RA6800ML $25.00

Tiny Assembler (3.1) $9.00 Link68 $8.00

Circuit Cellar $8.00 [0 TRACER $6.00

BASEX $8.00 Mondeb $5.00

Program Design $6.00 Bar Code Loader $2.00

BYTE BOOKS. BYTE BOOKS logo. and PAPHRBYTE
are trademarks of BYTE Publications. Inc

BYTE April 1979

Add 50€ per book to cover postage
and handling

Pleasc allow 6 -8 weeks lor processing your order.

E
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TSC
ASIC
tor 6800

The fastest floating point BASIC for any micro.

Move over 6502! Out of the way 8080! The
fastest floating point BASIC for any micro now runs
on the 6800. And with the TSC name, you know it's

top quality.

100

TSC BASIC is not only fast, but complete with
over 50 commands and functions. Features
include six digit floating point math, full
transcendental functions, unlimited string
length, if/then/else construct, logical
operators,and two-dimensional
arrays (including string arrays).

40

Available now on KCS
cassette for $39.95.
Requires 9K minimum,
no source listing
included. Soon to

3
Average Benchmark Time (Seconds)

% . TSC Microsot ~ Microsoft North CSs SWTPc
come is a version for the 6800 6502 8080 Star “Super” 6800
FLEX™ disk operating
system. BASIC Version

Graph based on benchmarks
listed in October 1977 issue of

Technical Systems Kilobaud - magzzine
Consultants, Inc.
Box 2574 W. Lafayette, IN 47306

Speclalists In Software & Hardware for Industry & the Hobbyist

e o e N N
walalaliis e
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Listing 2, continued from page 92:

023 o7 ) C3 O C- O s O Ceex ) (3 )

029 (st08 ) (Gseo ) (sto+8) (GSB1 ) Convert position to X, Y, Z, and store.
033 C 3. )Y (Cse D)(Co ) (x )(CesBr1)

038 Ca HO(Cs ) (Co ) Cx

042 (rees ) Cp+R ) (C R ) (x2y ) (Rt

047 CeeRr ) (st01 ) C Rl ) (st02 )

051 C Ry ) (s103)

053 (retd ) (reLs) (= ) Cvx Calculate circular orbit velocity,
057 (sto9 ) (GsB1 ) (s104) random X, Y, Z velocity for an orbit
060 (reL1 ) ( x ) (Gse1) horizontal at the ship's

063 (stos ) (Crer2) (C x ) C+

067 Ccns ) (reed) = ) (st06 ) position,

071 (CrcLs ) (CRrRcLa ) (GsB2 )

074 (RreLo ) (= ) (stox4) adjust X, Y, Z velocity.

077 (sto+5) (st0*6) (Fr2 ) Circular orbit?

080 (Ggros) (G681 ) C 2 ) C + ) If elliptical orbit,

084 (sto+4) (GsB1 ) (2 ) (= ) make random

088 (sto+s5) (es81) (C_ 2 Y (= ) X, Y, Z velocity adjustment.
092 (sto+6) CLeLs ) C 7 )

095 (st ) (B3 ) (RCLY) Shift data from primary to

098 (pes ) (stodiy) (Cees ) (oszz ) secondary registers.

102

103 (eLd ) (rcL3 ) (RCL2) DISPLAY: Show segment time,
106 (CRcL1 ) (GsB2 ) (RCLE) ship’s position,

109 C - (retA) (C RV (Csik ) fuel,

113 (rec7) (Ceex ) (& ) (s09) and velocity.

17 ( - ) (RcLe) (CRCLS)
120 (RrecLa ) (aGsB2 ) ( stk ) (RIN )

124 (w1 ) C v Y(Cseseo) (C - HC 5 ) Subroutine; Randomize position and velocity.
120 (= ) CRN)

131 (Lo ) (reLo) C 7 ) C + ) Subroutine; Random number generator.

135 ( x2 ) (CFfrac) (Csto0) (C x ) (CRIN)

140 m R-P CRr D) (x2y ) (Rt D) Subroutine; Rectangular to spherical.

145 ( R+P ) RTN

147 (LA ) (cLReG) (v ) (cHs ) SPIN: A random seed randomizer.

151 (st ) Ccns ) (st0+0)

154

158 m GTm RTN SEED: To store user’s random seed.
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SYNCHRO-SOUND

SOFTWARE

Here are nine packa
ges that
enable you to make full use of
the potential in your small
computer system:

ACCOUNTS RECEIVABLE
INVENTORY
ORDER ENTRY
WORD PROCESSING
PAYROLL
REAL ESTATE MGT.
MEDICAL-DENTAL
MAILING PROGRAM
SHIPPING & RECEIVING
and MORE!

Microsoft Basic, Fortran, Cobol
available

CALL* for prices

CALL

for price

CROMEMCO
gystem 3 -+

MORE SPECIALS

, BAW Decwriter(l . .. ... .$1395.00 :
. -\ Qume Sprint 5/45 44 Column Printer . . .. $295.00
AL * e RO.... E st 2795.00 | | jvermore Accoustic
R : Pestc' 2,177 Dble ag5.00 | . Coupler... ... 249.00
7792 % for - ; M ims PEA B0/ 15 s --1599-00 Javelin9” Monitor . . . . 159.95
700-2- -+~ prices Wi P Anadex DP 8000 " | Pertec 4511-R
703_()_ o N——— Printer. o aant 995.00 10M Hard Disk . . . .. CALL*

We have a full staff of Programmers and Computer
Consuitants to design, configure and deliver a Turnkey
Computer System to meet your specific requirements.

% Our prices are too low to advertise.
Please call or write.

Hours 9-4 Daily
SYNCHRO'SOUND ENTERPRISES, INC. and Saturday

The Computer People Visit our new showroom

Working units on displa
193-25 Jamaica Avenue, Jamaica, New York 11423 g HpIts play
212/468-7067 TWX 710-582-5886 BankAmericard  Master Charge
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100

program

Operation

Initialize (fixed orbit) E

Rocket burn for 60 seconds,

$=135",6=0",100 kg/s

Free-fall 66, 60 second segments

Free-fall one, 35 second segment

Keys Display

Load Three-Dimensional Mars Lander

= 0.000

60.000
45,000
35.264
1803.152
80000.000
—45.000
0.000
2.828

135, ENTER,
0, ENTER, 100, 8

60.000
42.820
35.245
1802.794
74000.000
—46.751
-1.238
2.553

60.000
—115.974
—33.762
5.694
74000.000
145.618
—7.423
3.907

3393.000
6706.884
-118.488
—34.135
—0.206
74000.000
144.164
—6.425
3.913

66, A

35,C,1, A

XL<N=AX<LN—T X<NAX<NTd X<N-EHX<NA

X<N—AX <N

Explanation

Default segment time, seconds
Position angle @, degrees
Position angle 0, degrees
Ship’s altitude, km

Initial fuel supply, kg
Velocity angle g, degrees
Velocity angle' U, degrees
Ship's velocity, km/s

Segment time, seconds
Position angle ¢, degrees
Position angle 8, degrees
Ship’s altitude, km
Remaining fuel supply, kg
Velocity angle @, degrees
Velocity angle 8, degrees
Ship’s veiocity, km/s

Segment time, seconds
Position angle ¢, degrees
Position angle §, degrees
Ship's altitude, km
Remaining fuel supply, kg
Velocitv angle ¢, degrees
Velocity angle. 8, degrees
Ship’s velocity, km/s

Impact signal

Impact-to-target distance, km
Impact position angle ¢, degrees
Impact position angle §, degrees
Impact position vertical error, km
Remaining fuel supply, kg
Impact velocity angle ¢, degrees
Impact velocity angle 8, degrees
Ship's impact velocity, km/s

Table 2: Demonstration of the Three-Dimensional Mars Lander program’s operation. Note that the
thrust from the rocket burn is directly opposite to the initial velocity.

April 1979 © BYTE Publications inc

Text continued from page 86:

America. Follow the demonstration example
in table 2 to help to understand the space-
ship control, and the status displays. The
HP-97 prints status displays.

A good landing is within 100 m (0.100
km) of the target site, with a near-vertical
descent (¢ = £180°, and 6 = 0°, for velocity
angles), and at an impact velocity of less
than 1T m/s (0.001 km/s). There is plenty of
fuel on board to make a good landing at
the target site from even a ‘“‘worst case’
random orbit. The initial mass ratio is 9
to 1.

Note that the display reads in kilometers
and in km/s; in the normal FIX 3 display
format, you can read down to the nearest
meter and m/s. When near to landing, it is
helpful to change the display to FIX 6, so
that you can read down to the nearest
millimeter and mm/s. Also note that during
descent, the spaceship’s position is given in
degrees, and on Mars’ surface, one degree
is about 60 km.

Celestial Mechanics

Celestial orbits of a relatively light body
around a massive primary may be repre-
sented by the conic sections: circle, ellipse,
parabola, and hyperbola, all formed by the
intersection of a plane with a cone at various
angles. In this program we are concerned
only with circular and elliptical orbits, since
parabolas and hyperbolas represent non-
repeating, or one pass orbits.

In a circular orbit, the orbiting body
always has the same velocity and the same
distance from the primary. The attraction
of gravity is exactly balanced by the centrif-
ugal force at all times. Both the body’s
potential energy (a result of altitude) and
its kinetic energy (a result of velocity) are
constant.

An elliptical orbit is far more common;
a circular orbit is really just a special case
of an elliptical orbit. In an elliptical orbit,
the body’s velocity and its distance from the
primary are continually varying. While the
body’s potential energy varies with its alti-
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tude, and its kinetic energy varies with its
velocity, its total energy remains constant.
Its energy is merely oscillating between
kinetic and potential forms.

If we are in a spaceship, how do we
change altitude with a minimum energy
usage (ie: minimum fuel usage)? Under some
special circumstances, this is fairly straight-
forward. For example, to go from one
circular orbit to another circular orbit in the
same plane — but at a different altitude —
the minimum-fuel-usage maneuver is known
as a Hohmann transfer. 1t is simply an
ellipse tangent to both circular orbits. A
Hohmann transfer is made in three stages:

(1) Thrust along the current direction of
motion (or against it) until the vel-
ocity has increased (or decreased)
enough to form an elliptical orbit
that reaches just up (or down) to the
desired new circular orbit altitude;

(2) Wait in elliptical transfer orbit until
the new altitude has been reached
on the opposite side of the primary
from the start;

(3) Thrust along the current direction
of motion (or against it) until the
orbit has been circularized at the
new altitude. Note that the direction
of this second thrust must be oppo-
site to the initial direction of thrust
(since we are now on the opposite
side of the primary), though both
increase (or decrease) the spaceship’s
velocity.

But how can we use this method to land on
the surface of the primary? Just perform a
Hohmann transfer to zero altitude, then
stop! Of course, this assumes that the land-
ing trajectory is tangent to the surface, and
that we stop instantly. While this is theoret-
ically the most efficient way to land from
orbit, we can’t quite actually do it this way;
we have to leave some room to slow down
and stop and a little extra for maneuvering
room. However, the closer we can approach
this theoretical minimum-fuel-usage landing,
the lower the actual fuel usage will be.

To repeat: for a minimum-fuel-usage
landing from orbit, an initial rocket burn
is made when the spaceship is on the oppo-
site side of the primary from the landing
site to slow down enough to pass over the
landing site at a low altitude; then free-fall
until near to the target site. At the last
possible moment, again make a rocket burn
{or series of rocket burns) to stop orbital
velocity, and to land vertically on the sur-
face at the target site. Note that Mars’ very
thin atmosphere is ignored.

But what do we do when the landing site

is not in the plane of the orbit? Just change
the plane of the orbit so that the landing site
/s in the plane of the orbit. This can create
two complications:

(1) Since orbital velocity around Mars
is fairly high, it takes a lot of fuel
to change the plane of the orbit;

(2) In general, the heading of the space-
ship in orbit is continually changing.
But what is the proper heading to
make the plane of the orbit pass
through the landing site?

The answer to (1) is, literally, roundabout.
If the plane change is very great, it will save
fuel to first do a Hohmann transfer to a
higher altitude so that the spaceship’s veloc-
ity will be lower, before changing the plane
of the orbit. Then come back down on
another elliptical orbit to a low altitude over
the target landing site. In answer to (2),
there are two planes that the spaceship’s
orbit can be in, that also pass through the
target site, where the heading does not
change: the equator, and the Greenwich
meridian. If we approach the target site
along the equator or along the Greenwich
meridian, there is no problem of constantly
changing headings.

Note that any free-fall orbit is planar
(that is, flat), and that the plane of the
orbit always passes through the center of
the primary. Therefore the orbit’s path on
the surface of the primary is always a great
circle. (A great circle is formed by the inter-
section of the primary’s surface with a plane
passing through the center of the primary.)
It passes over the equator twice for each
complete orbit, and over the Greenwich
meridian (or its extension, position angle ¢
= +180°) twice for each complete orbit.

Program Organization

To squeeze this rather complex program
into the 224 program steps available in the
Hewlett-Packard HP-67/97, considerable use
was made of subroutines, as shown in pro-
gram listing 1. Note that subroutines may
have two entry points. To translate this
program to other systems, remember that
the HP-67/97 uses RPN (reverse Polish nota-
tion) on a 4 register stack. Therefore func-
tion symbols follow data entry, the same as
though you were doing the calculation
manually. Flags and conditional tests skip
the following program step if the test is
false.

The more important equations used for
calculating the random initialization, the

Text continued on page 108.



A 32-page Coloring
Book about
Computers

written and illustrated
by Theodore Cohen
and Jacqueline Bray

dore J. Cohen and Jacqueline H. Bray

The Magic Machine is an introduction to computing for
young children. The drawings and text show how two children
find uses for a computer in their home.

The Magic Machine will help the child in your life to
understand some of the functions of computers in his
world, and to better understand the importance of computing

in your world.
The Magic Machine comes COMPLETE WITH CRAYONS,
and is lots of fun to color and read.

ISBN 0-931718-17-1 $2IOO

Buy this book at your favorite computer book-

store or order direct from BYTE BOOKS. ™
Add 75¢ per book for postage and handling ( ‘ B U'[‘ \

“BOOKS OF INTEREST TO COMPUTER PEOPLE"

70 Main Street, Peterborough, New Hampshire 03458
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Operation
Random Initialization:
Veo = VR

RV, =—(RV,P, + RV P )/P,

Spaceship’s Trajectory:
Vi = Vi = VexnIniM/M;)
Pg =P, +V /2

= 2
g Cg/R

Vg=V, —gt

Pe=P; + (V.! + Vt/2

After Impact with Mars’ Surface:

Vimp = Vg +c/dV; = V)

Pimp = Py + c/d(P; — Py)
Distance = 59.22(cos " ({cos @) (cos 6)))

or:

. = 2 2
Distance =\/PU ;) + P (imp)

Variabie Definition
Vco = Velocity for a circular orbit, km/s
Cg =Mars’ gravity constant, 43,000 km3/s2
R =Radius, Mars’ center to spaceship, km
RV, etc = Relative velocity in X,Y,Z directions
Px. etc =Spaceship’s position in X,Y,Z coordinates
Vr =Spaceship’s velocity after rocket burn, km/s

V' and V; =lInitial and final ship’s velocity, km/s

\ = Rocket exhaust velocity, 4 km/s

exh
MI and M; =Initial and final ship’s mass, kg
Pg = Position of spaceship for gravity calculation
Pi and Pf = |nitial and final ship's position
t =Segment duration time, seconds
g = Gravity acceleration, 3,74 m/s2 at surface
Vimp =|mpact velocity on Mars’ surface, km/s
c/d = Interpolation ratio
Pimp = Spaceship’s impact position on Mars’ surface
59.22 = Kilometers per degree along Mars’ surface
Distance =Impact-to-target distance along Mars’ surface, km
¢and 8 =Spaceship’s impact position angles, degrees
Py(imp) =Spaceship’s Y impact position, km

Pz(imp) = Spaceship’s Z impact position, km

Table 3: Random initialization, spaceship trajectory, and impact status cal-
culations. The trajectory and impact equations do not give exact velocity
and impact data, but do give good approximations. The calculated values
increase in accuracy as segment duration and velocity decrease and as radius
increases. While the equations are shown in their simplest linear form, cal-
culations are actually carried out in three dimensions, using rectangular or
spherical coordinates. Note that the initial conditions for one segment were
the final conditions for the previous segment.

Polar to Rectangular:
X=Rcos A
Y =Rsin A
Rectangular to Polar:
R=vXx2+Y2
A =tan—1 (Y/X)

where: X,Y =Rectangular coordinates

R,A =Radius and angle of polar coordinates

For calculation of the angle A:
a) If X =0, substitute a very small number for X, ie: perhaps 1010
b) 1f X <0,add 180° to A
¢) If X <0and Y <0, subtract 180° from A

Table 4: Polar-to-rectan-
gular and rectangular-to-
polar coordinate conver-
sions.
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or direct from
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Add 50¢ per book for
postage and handling

The marvelous
computer projects that
Steve Ciarcia has constructed in his
| cellar are explained in detail so that you
i can make your microcomputer perform the same
'- useful functions. Each article is a complete tutorial,
presented in such an easy-going style that even
beginners can understand and enjoy.
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(3a)

TARGET LANDING SlTE\

0°

[<—DISTAaNCE

/

/9~ TRAJECTORY

/

4/ INITIAL POSITION

——/—IMPACT SITE

Figure 3: Interpolation of
the spaceship’s landing sta-
tus. Figure 3a is a cross-
section showing the space-
ship's last trajectory seg-
ment. Figure 3b is a view
from above showing im-
pact position and miss
distance.

FINAL POSITION

106

Table 5: Register, label,
and flag usage for the

(3b)

-y

IMPACT SITE
/

¢
(\2

ot &,

s

TARGET LANDING sne/

-2

Three-Dimensional ~ Mars
Lander program.
Registers Labels
Primary Secondary A Free-Fall 0 Free-Fall Loop
0 Temporary Loop Count SO - B8 Rocket Burn 1 -
1 x S1 x l C Segment Time 2 Recall Position
2 vy ) New Position S2 vy Initial D Display Status 3 Skip Alternate Calculation
3z s3 2 ’ et E Fixed Initialization 4 Shift Data, Second Register Set
4 x S4 x a Update Velocity 5 Interpolation Loop
5 y , New Velocity S5 Initial b Update Position 6 Skip Interpolation
Velocity
6 z S6 2z ¢ Rectangular to Spherical 7 Mars Surface Impact
7 Ship’s Mass S7 Ship’s Mass d Recall Velocity 8 Data Shift Loop
8 Last Altitude s8 — e — 9 Out of Fuel
9 10,000 s9 -
A Segment Time, t Flags
B t/2 0 On, Store New Position
cC - 1  On, Out of Fuel
D Gravity Constant 2 -
E Mars’ Radius 3 -
I Loop Count
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COMPUTER SOFTWARE

For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women

We have been in business for over nine years buiiding a reputa- e Virtually Machine Independent — these programs are writ-

tion for providing a quality product at nominai prices — NOT ten in a subset of Dartmouth Basic but are not oriented for any
what the traffic wiil bear. Our soflware is: one particular system. Just in case your Basic might not use
one of our functions we have included an appendix in Vol-

e Versatiie — as most programs ailow for multiple modes of ume V which gives conversion algorithms for 19 different
operation. Basic's; that's ng%t just look It up and make the substitution for

e Tutorial — as each program Is self prompting and ieads you your porﬂculcr version. If you would iike to convert your
through the program (most have very detailed instructions favorite program Info Fortran or APL or any other language,
contained right In thelr source code). the appendix in Volume Il will define the statements and thelr

parameters as used in our programs.

Comprehensive — as an example our PSD programnotonly  oyer 85% of our programs in the first five volumes wiil execute In
computes Power Spectral Densities but aiso includes FFTs, g gk asic’s with 16K of free user RAM. If you only have 4K

inverse-transforms, Windowing, Sliding windows, simuita- B
d J asic, because of its lack of string functions only about 60% of
neous FFTI'-’{ variable data sizes, efc. and as a iastword our o, rograms In Volumes | through V would be useable, how-
sofiware Is: ever they should execute in only 8K of user RAM.
¢ Readable — as ali of our programs are reproduced full size For those that have specific needs, we can tallor any of our
for ease in reading. programs for you or we can write one fo fit your specific needs.
Vol. | Vol. i vol. il Vol. IV Vol. V Voi. Vi
Business & Games & Binomlat Beam Bllling Bingo Andy Cap ledger Maintains Company accounis and generates
Personal Pictures Chi-Sq. Conv Invertory Bonds Baseball financlal reports. includes routines for: Pyr. Ing
Bookkeeping Coeft Fiter Payroll Bull Compare Dept A/R, A/R
Programs Animais Four  Confidence 1 Fit Risk Enterprise Confid 10 Vol. Vil
Asfronaut Confidence 2 Integration 1 Schedule 2 Football Descrip ol.
Bond Bagel Corelations Integration 2 Shlpgng Funds i Differ Chess Designed fo challenge the average playet
Bullding Bio Cycle Curve intensity Stoc! Funds 2 Engine fally comprehensive. Great fun for all, offers a
Compound Cannons Differences Lola Switch Go-Moku Fourter unique opportunity for beginners In need of an
Cyelic Checkers Dual Piot Macro Jack Horse opponent.
Declslon? Craps Exp-Disti Max. Min. Life integers
Declslon 2 g?ﬁgm Least Squares Navald Loans Logic Medbil For Doctors and Dentists allke, a compiete
Depreciation t Paired Opftical Mases Playboy patient biiling system which also pen'nns the
E{gclem i.ljun(;yu Plot Planet Poker Primes maintalning of a patiert history rec
w P Plofpts
:nstallmem m&;ﬂe Polynomial Fit ;sa?\di m m:uc Wdproc etwg'd mprocmeulnga!:rd Im::é Wmu"mmohv:’n":"ﬂ‘
invesiments Sk Diver i o eruc Fosisarsols 1o final copy In a varlety of formats.
Morgage Tank Siat 2 S| Tan Retire Road Runner Utiity  Disk utlilty program with memory testing.
Optimize Yeach Me TDisiibulion ars Savings Roulette
ot oo Pictures Uﬂmmsd1 Track SBA Santa Voi. Vili
Rate JAHr(Jewman gggx: 3 “v‘:" Tic-Tac-Toe gg:? 1040-Tax 1:xpovrz's retum, Nermized deductions or
Retum 1 A2 Steel anda
Retum 2 Linus
Scheduie 1 mosgf*ﬂ APPENDIX A Tv%‘:y Balance Reconclies bank siatements
N o Sl = s R
n 7
Peqace APPENDIX B cars, boats, etc.
Policeman
santa's Sleigh Deprec 2 peﬂcomodm depreckation, 4 methods, any fime
Snoopy
Virgin APPENDIX C — FAVORITE PROGRAM CONVERSIONS
Vol. lif ~ $39.95
Vol. | - $24.95 Vol. It — $24.95 Advanced pusiness | Yok IV = $9.95 Vol. V — $9.95 Vol VI — $49.95 Vol VIl - $39.95 Vol. Vil - $19.95
Bookkeeping Math/E lneoﬂno Billing., Inventon General Purpose Experimenter's Program Minl-Ledger Professionai Homeowner's
Games Plotiing/ I ments Programs Programs
Pictures Basic cnemem Det. Payroll
AVAILABLE AT MOST COMPUTER STORES Add $1.50 per volume hondling. oll domestic shipments sent UPS. except APO
Master Ch:rtge and Bank Americard accepted. and PO. Box which go parcel post. Foreign orders add $8.00/volume for air

shipment ond moke payable in U.S. dollars only
Our Software Is copyrighted and may not be reproduced or sold.

& SCIENTIFIC RESEARCH

PO. Box 490099-B Key Biscayne, FL 33149
Phone orders call 800-327-6543 Information — (305) 3-1153
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Circle 53 on inquiry card.

COMPUTER AGE, INC.

Business Systems Division

is offering OSBORNE'S quality software
packages, written in CBASIC, for immediate
delivery

PAYROLL WITH COST ACCOUNTING

ACCOUNTS RECEIVABLE AND
ACCOUNTS PAYABLE

GENERAL LEDGER

8" CPM diskette $85.00
5" North Star CPM diskette $85.00
also:

cPM $145.00
CBASIC5" or 8" $ 95.00

Other systems software also available

Complete turn-key Business Systems available in-

cluding:
Auto-Scribe Word Processing
System $7595.00
Bookkeeper Client Write-up
System $6895.00
Integrated Business System of
G/L, A/P, A/R, Payroll, Inventory $5995.00

Other systems to be available soon

Custom programming services.

Computer Age, Inc.
1308 N. Federal Hwy.
Pompano Beach, FL 33062
(305] 946-4999
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computer mart of new jersey

computer mart of pennsylvania

the
microcomputer
people®

Computers don’t make a
computer store, PEOPLE do. Our
people have been involved with
microcomputers since day one.
We offer experience and
expertise unparalleled in the
microcomputer industry. Whether
you are in the market for a
complete system, peripherals,
custom software, service, or just
some friendly advice; there simply
is no other place to go.

Compuinr Morn af Mew Jeriey Compurer Mart of Fennayivanio
304 Rowts 37 50 Dakain Fie

fislin. Ml DBSJ0 Wing of Frunla, PA 10404
L2301 283-0400 1313 263-7580

April 1979 © BYTE Publications Inc Circle 66 on inquiry card.

Text continued from page 102:

spaceship’s trajectory, and for interpolating
landing conditions are given in table 3. The
second equation on table 3 uses the method
of direction cosines to set a horizontal orbit
for any spaceship position. Many systems do
not have rectangular-to-polar and polar-to-
rectangular functions; these may be per-
formed using software functions or sub-
routines, with the equations given in table 4.
The use of storage registers, labels, and flags
in the program is shown in table 5.

The program operation is shown most
clearly in figure 2. At the beginning of cal-
culations for each segment, the same posi-
tion, velocity, and fuel data are in both
the primary and the secondary registers.
During the rocket burn and free-fall cal-
culations, only the data in the primary
registers is progressively updated. After
all trajectory calculations for the segment
have been made, the secondary registers
still contain the initial segment data, while
the primary registers now contain the final
segment data. Then there is a test for Mars
impact during the segment; if impact has
occurred, initial and final segment data
are used to interpolate impact status; if
impact has not occurred, primary register
data is copied into the secondary registers
in preparation for calculation of the next
segment. If the program is still in a loop
of free-fall segment calculations, the next
segment is calculated; otherwise, the current
status data is displayed and the program
halts.

The impact interpolation method is
shown in figure 3. The calculated impact-
to-target distance is correct only for the
hemisphere of Mars that is centered upon
the designated target site. If the landing is
within a square about 240 meters on a side
centered upon the designated target site,
roundoff in the cosine function causes a
calculated miss distance of 0. If you are
this close, Mars’ surface may be considered
as flat, and a simpler alternate miss dis-
tance calculation is used.

Conclusions

This program may be considered as
primarily a game program, or as primarily
a celestial mechanics simulation program.
In either case, as you learn how to control
the spaceship for better landings using less
fuel, you will also be learning more about
the intuitive ‘‘feel” of celestial mechanics,
and will gain a greater appreciation of some
of the problems of space flight.

Watch that fuel gauge, and happy
landings!m



At last...get the power of the

APL language on Z80-based
microcomputers

Write finished applications software in a fraction of the time you'd need
to write similar programs in BASIC, FORTRAN, or COBOL

APL is one of the most concise, powerful prog-
ramming languages, but until now its use was limited
to large mainframe computers because the language
occupied so much memory. APL has been used by
some companies with very large computers since 1966,
to save countless costly hours of program preparation.
Now Vanguard Systems Corporation has implemented
this potent computer language to run on Z80 micro-
Processors.

APL/Z80™ is useful, not only for mathematics
and engineering applications, but also for text pro-
cessing and other business applications. It's easy
to learn, quick to write. APL/Z80 helps you develop
functional software, and debug it, in about one-fifth
the time it takes you to program equivalent functions
in BASIC, FORTRAN, or COBOL. APL/Z80 lets you
focus on the probiem you want to solve, rather than
on the programming language you're using.

Your choice: one or many

In one line of code, APL often does what other
languages require many lines to do. We haven't room
here to show side-by-side comparisons of equivalent
programs in APL, BASIC, FORTRAN, and COBOL. The
other languages take too much space. But we can
show you some sample APL programs. Test your
current language yourself by writing an eguivalent
program for each example here. You'll quickly see
the time advantages APL/Z80 offers.

Example

This APL/Z80 expression inputs a list of values
(list B), computes the average of all items in the
list, then prints the average:

O« (+/B):pB+0
In other languages, this expression may require at
least one loop and perhaps 10 statements.
Example

This APL/Z80 expression inputs a list of values
(list A), sorts the list from lowest to highest values,
and prints out all values in the list A in ascending

order:
O+«ALAA+O]

In other languages, this expression usually takes two
loops and 15 to 20 statements.
Example

This APL/Z80 function computes the mean, vari-
ancr, and standard deviation for a list called X:

v R-S5TA
11 Ren,v,
v

In other languages, a program equivalent to this can
be quite cumbersome. When you try writing one,
you'll find yourself wishing you had APL/Z80 already.

Don't let the unusual symbols in APL/Z80 worry
you. APL has so many complete functions built into
the language itself, there aren't enough letters in
the English alphabet to give every function a unique
single-character name. Of course, APL/Z80 could
name each function with four or five letters, as BASIC
does, but that rapidly eats up memory. Besides,
once you learn a lar}§uage, you start using abbrevia-
tions anyway. APL/Z80 lets you use abbreviations
from the very beginning, Saving memory space both
in your head and in your machine.

It has taken more than 2 years of concentrated
work to produce APL/280, but it gives you much
of the power of APL on a large mainframe, for a
fraction of the cost. APL/Z80 can handle not only
shared variables, but also arrays of up to 8 dimensions.

Whether you're an engineer, an educator, or a
businessman, Vanguard Systems Corporation brings
you the full power of APL at a price you can afford.
Now you can enjoy the privacy and convenience of

INIVAR:SD
(VARS (o /{X-He{ s /XIIN} 2} 4{N=pX)-1)e0.5
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Check these APL/Z80 features:

® up to 27k byte active workspace on
systems using CP/M*, or Digital Group
systems using DISKMON

@ system variables, execute, & format
are implemented

® disk workspace and copy object library

@ shared variables

@ arrays up to 8 dimensions

® dynamic execution of system commands

@ auxiliary processor for interfacing 1/0 ports
@ auxifiary processor for indexed file systems
@ canonical representation, fix

@ latent expression

@ can boot directly into application program
from system power-on.

your own low-cost APL microcomputer, right on your
desktop.
Software only, or hardware/software together

if you need both hardware and software, order
our APL/DTC™ for only $6495. This is a complete
APL/Z80 hardware/software configuration with 26k

Lz r r r 1 1 rJrrJr 71 71 °r trr 7 7 7 7 1 ¢ 1 3 7 7 T° 1 T 1 7 T 1T T J§ 1./ ]

| understand the software license for APL/Z80™ covers one1
machine for one end-user and includes a non-disclosure agreement to protect Vanguard Systems
Corporation’s proprietary rights. Prices and specifications subject to change without notice.

Please rush the items ordered below.

Complete APL/280™Software Packages
mclude end-user hmited license. object code
disk. and documentation manual.
I ™ for CP/M’ disk operating system. $350
] specify version {check one)
O for senal ASCII APL terminal
O for 64-char. video display
(Vect. Graph.. Proc. Tech, or

compatible)
1 O for 80-char. video display
] (compatible w/Vect. Graph. &

similar boards)

O for Digital Group DISKMON operating
system, $350
Please describe your disk to be sure you
get the correct object code disk for your machine
(check one box in each column)

usable active APL workspace, dual quad-density mini-
disk drives, and video console. Because each APL/DTC
is custom-assembled, your unit will be shipped 30
to 60 days after we receive your order. Local main-
tenance on the hardware is available in major metro-
politan areas. Write or call us for more details on
machine specifications.

If you already own any Z80-based computer with
CP/M* disk operating system, or a Digital Group
system with DISKMON, you can get APL/Zg80 on your
machine for only $350. This includes the end-user
softwarelicense, object code floppy disk, and complete
documentation. If you want to read the documen-
tation before ordering the complete set, our user's
manual is available separately at $25 per copy.

We can ship your order now!

At Vanguard Systems, we're ready to ship your
APL/Z80™  license/disk/documentation package or
user's manual today. We have them in stock for
immediate delivery. Act now to begin saving hours
and headaches by developing powerful, precise appli-
cations programs in APL/Z80. Mark the items you
need and mail the coupon today with your check,
money order, or VISA/MasterChargeinformation. You'll
be glad you did.

“Trademark of Digital Research

Accessories
O APL Video Character Generator ROM, $25
(directly replaces MCM-6571-A to givetrue §
APL characters) ]
O APL/ASCII Character Generator Board. i
$89.95, for Vector Graphic. Processor Te:
chnology, & similar boards

APL/280™ User's Manual alone
O $25

APL/DTC™Hardware/Software Unit !
O A complete machine/software configura-
tion. Includes CPU, dual quad-density
mini-disk drives, video terminal, APL char-
acter generator, end-user limited license
for software, object code disk, and docu-
mentation. $6495, shipped freight collect

FOB San Antonio.

i
1(512) 828-0554

Co

SIZE DENSITY FORMAT NOTE. T -  add 55% sal
= : = . Texas residents must add 5.5% sales
g g ”gppy ;I(;]ugllfe B Bosflt-sectored8 tax to all prices. We ship UPS, so P.0. box
PPy quadruple O Micropolis address must give phone number. International
O North Star customers should write for details on shipping
] compatible rates & requirements before ordering. =
]
Enclosed is my check for § . Card - exp. date
OR Charge to MasterCharge O Visa Signature .
Ship to. Name —
Address — Phone
g City State __Zip
]

Vanguard SysTems

6812 San Pedro
® San Antonio, TX 78216
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The Standard

Data Encryption Algorithm

Part 2: Implementing the Algorithm

Robert V Meushaw
4188 Brittany Dr
Ellicott City MD 21043
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Part 1 of this article described the five
basic functions which must be performed to
implement the Standard Data Encryption
Algorithm:

permutation operations,
table lookup,

circular rotation,

byte exchange, and
modulo 2 addition.

Of course, there are many iterations of
these functions in the encryption and de-
cryption process.

Design Approach

When | began the design, | knew that
there were many possible approaches. How-
ever, | also knew that the one hard con-
straint | faced was the amount of memory
available on the basic KIM-1 computer.
This constraint was the determining factor
in the design, and, as a consequence, in the
efficiency and speed of the implementation.
In order to determine how much memory
| would have for the program, | began to
estimate the amount of storage | would need
to hold all of the tables | needed. My pre-
liminary estimate was that for each entry in
each permutation table | would need one
byte (I actually needed slightly more, as you
will see). This assumption meant that |
would need 312 bytes — almost one third
of the memory available to me. | next
looked at the Select S1 thru S8 function.
There are eight separate tables with 64
entries each. However, since each table
entry required only four bits instead of eight
(the entries range from hexadecimal 0 to
F), | knew that if | was clever | could get
away with half a byte per entry. | would

still need 256 bytes for these tables, of
course. So before | even started on the pro-
gram, one half my available memory was
committed.

The impact of the above results became
clear when | looked at the memory require-
ments for subkeys K1 thru K16. Each sub-
key would require 6 to 8 bytes (depending
on how data was represented), giving a pos-
sible total storage requirement of 128 bytes.
Since | would be left with only about 128
bytes for the program (and | didn’t think
that was enough) | made the decision to
generate each subkey as | needed it.

Module Design Difficulties

The actual design of the individual mod-
ules went through several iterations. My
primary problem was that the optimization
of the overall program meant that the de-
sign of each module was intimately involved
with the design of other modules—not usually
a good design approach. A revision of any
module usually resulted in several iterations
of changes to other modules. An example of
this coupling is the following:

® efficient design of the Select S1 thru
S8 module requires inputs to be avail-
able as 8 bytes of 6 bits each.

® in order to generate the input as
required above, the subkey and the
results of the Select E permutation
must be represented as 8 bytes of 6
bits each.

® the design of the module which per-
formed the permutation function had
to be modified and reoptimized to
allow for less than 8 bits per byte in
the result.



I am sure that many readers have en-
countered the same type of difficulty in
developing relatively complex software

which must be optimized for speed, space, f——
or both. It 'was a frustrating experience be- - . I
.. . Initial permutation
cause of the many revisions required. 1 PT - PT
Permuted Choice 1
Data Movement 2 Key - cD
Permuted Choice 2
One of the first tasks in designing this 3 co - Subkey
program, or any program, was the definition 4 = Select E
of the data structures and the data transfers At = Temp
:Jvhich v_villlotccdur. The basic data elements to I § Temp (®) Subkey i Subkey
€ manipufated are: Select S1 thru S8
6 Subkey — Temp
® 3 bytes of plaintext input (PT) Permute P
7 Temp - Temp
® 8 bytes of key (KEY)
8 PTieft & Temp - PTleft
® 3 bytes of subkey (SUBKEY) Inverse initial permutation
9 BT L PT
® 38 bytes for Ci and Di (CD)
Table 8: Data transformations and movement used in software imple-
® B8 bytes of storage for mentation of the Standard Data Encryption Algorithm. This table
intermediate results (TEMP). does not include the exchange of PTleft and PTright used in block
transformation.
Text continued on page 114. e
PERMUTED K‘EY [ 11 11 ] 1 ] 1L 11 ] 1 ]
CHOICE
ONE co ( 11 1 Al 1l I | LW
A _/ | N J
€O (28 BITS) DO (28 BITS)
¢i (28 BITS) Di (28 BITS)
r N7 D)
i Ly m— | i1 7777 o | s o
CHOICE
Two SIETCSN / S— I/ | E—] / S— | S— / — 7 _—
N J
Ki (8 GROUPS OF 6 BITS EACH)
Ri
' N
PT RIGHT | JLC J1 Il ]
SELECT E |
Teme [ 17 1V 1 1A 1 17/ | U |
(8 GROUPS OF 6 BITS EACH)
(B GROUPS OF 6 BITS EACH)
sz%_zcr SiJBKEY 4/ |3/ IR/ 7 JHU JHU 1d | Y ]
S| THRU $8
TEMP { [ JL 1L ]
TEMP LIl J 1 J 1 ]
PERMUTE P ( |
TEMP | 1L J [ J1 ]
. J
(R, K} Table 9: Data format and
data movement used in the
INITIAL AND [pT [ 11 11 11 11 11 ] [ ] software implementation
INVERSE | of the Standard Data En-
PERMUTATION | PT [ Ji 1 I 11 |1 11 ] I cryption Algorithm.
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Solve Pmblems By slmulatlm\ St

E{yﬂlﬁ_\é_ |

with simulations
of many con-
cepts, including |
ewavemotion || [Qimulation
e flying objects : |
» artificial
intelligence
» electronic
circuits
e and robot
motion!

SIMULATION is a collection of

the best articles from BYTE Magazine on this useful computer technique,
plus exciting new material on the subject.

SIMULATION is the second volume in the Programming Techniques series
on the art and science of computer programming from BYTE BOOKS.
Editor Blaise W.Liffick's selection of material furnishes not only background
information from which the personal computer user is able to write

and maintain simulation programs, but also actual programs for
simulating many situations. Theoretical and practical applications of

this technique are explored in articles dealing with specific aspects

of simulation.

Learn how to find solutions to your problems through SIMULATION.

ISBN 0-931718-13-9 s Gooo

Buy this book at your favorite computer book-
store or order direct from BYTE BOOKS.

Add 50¢ per book for postage and handling B UI[
LL4 IBRANSLANN

BOOKS OF INTEREST TO COMPUTER PEOPLE"
70 Main Street, Peterborough, New Hampshire 03458

Blaise W. Liffick, Editor
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"Efficiency
iIsin.
Extravagance
ISout.

— Vector Graphic

That’s why when you look for top-quality, low-cost, add-on-
memory you should always look for Vector Graphic on your
memory boards. It means they stand behind every product
through over 200 Vector Graphic dealers.

Vector Graphic is the only one who designs in so much
quality for so little cost.

The 48K Dynamic RAM memory board is used in the Vector
MZ microcomputer, although any Z-80/S-100 computer system
can take advantage of the problem-free transparent refresh
offered in this high-quality, low-cost add-on-memory.

It’s no secret, Vector Graphic is 4 carefully assembling
state-of-the-art 16K-bit dynamic _ &9\ RAMs into
boards. And each board is ” 7
thermally cycled, aged and
continuously read-write
tested over 400 million
error-free cycles.

The new 48K
board consumes less
than 4 watts total
power and provides the
same superior design and
reliability found in all
products from Vector
Graphic. Remember, it’s
memory that works.

" 48K RAM
Dynamic Memory
5695 (suggested U.S. retail price)

O Send me the name of the
. nearest dealer
O Send more information

Name

¥ Company
Address
City/State/Zip

VECtoR GRAPHC iNC.
I 31364 Via Colinas, Westlake Village, CA 91361, (213) 991-2302
— Dealer inquiriesinvited — In e e eeseeseseescscscscscsseee s s s === =
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Text continued from page 111:

Table 8 depicts the data transformations and
data transfers that occur. The first item
shows that the plaintext data is permuted by
the initial permutation and stored in the
bytes originally occupied by the plaintext

data.
Figure 7: Flowchart MOVE
i PARAMETERS

of module which eI
performs the per- PERMUTATION

. . INTO ZERO
mutation  function R AL
TFORM.

\

STORE CORRECT
NUMBER OF
BITS /BYTE
FOR RESULT
IN BITCNT

FETCH
PERMUTATION
ARRAY ELEMENT
PUT SOURCE
BYTE NUMBER
IN Y

PUT MASK
NUMBER IN X

l

FETCH PROPER
SOURCE BYTE
ISOLATE
PROPER BIT
USING MASK

l

SHIFT
ISOLATED BIT
INTO HOLD
DECREMENT
INDEX TO
PERMUTATION
ARRAY ELEMENT

IANY MORE BITS |
REQUIRED TO
|FILL CURRENT

I:OLD

MHave acL |

| ELEMENTS OF L

PERMUTATION
ARRAY BEEN
[oonve
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YES

PUSH HOLD
CONTENTS
ON STACK

YES

PULL WORDS
FROM STACK
AND STORE
AT PROPER
DESTINATION
LOCATION

RETURN

For each of the transformations which
occur, table 9 shows the format of both the
data input and the resuits of the operation.
Each rectangular box represents one byte.
As an example, consider the transformation
Permuted Choice 2 (PC-2). The input is Ci
(28 bits) and Di (28 bits) and the output is
stored as 8 blocks of 6 bits each. The label
CD (to the left) shows the source data, and
subkey shows the destination of the results
of the permutation.

Permutation Module: TFORM

At this point | can begin the detailed ex-
planation of the major modules. The module
where most of the work is done (and where
most of the time is spent) is TFORM. Steps
1, 2,3, 4,7 and 9 of table 8 depict the per-
mutation functions performed. The opera-
tion of this module is similar in each case;
only the input parameters are different. The
primary input parameters to TFORM are:
source data address, destinarion address tor
results, and permutation table address. For
example, to perform the permutation shown
in step 4 of table 8, TFORM would get the
source address of PT (right), the destination
address of TEMP, and the table address of
the Select E permutation.

A general flowchart of TFORM is shown
in figure 7. It provides a top level description
of the operation for those readers who want
to program the function on different
machines.

The first task is to update the input pa-
rameters used by the routine. In addition to
the parameters described above, the routine
also needs the number of elements in the
permutation table (PCOUNT), the number
of bytes in the result of the permutation
(WCOUNT), and the number of bits in each
result byte (BCOUNT).

Here's how the permutation is done. The
first element of the permutation table is
obtained. This element tells which bit of the
input is the first bit of the result, as follows:
referring to figure 8, bits 0, 1 and 2 refer to
the byte of the source data to be used; bits
3, 4, 5 and 6 refer to a mask number to be
used to isolate the proper bit. At this point,
an example might help. Figure 9 shows how
the first bit of Permute P is obtained. The
first bit of the result is bit 16 of the input —
this corresponds to byte 1 of the input

A& I\ J
MASK NUMBER BYTE NUMBER

Figure 8: Format of elements of permuta-
tion table.



WHY CUT?
WHY STRIP ?
WHY SLIT?

WHY NOT...

h !

U.S.A \
FOREIGN
PATENTS

e AWG 30 Wire PENDING /
¢ .025” Square Posts
¢ Daisy Chain or Point To Point
¢ No Stripping or Slitting Required
«..JUST WRAP m....
¢ Built In Cut Off

*
¢ Easy Loading of Wire $ 95
* Available Wire Colors:

Blue, White, Red & Yellow

= JUST WRAP TOOL WITH
- 4 L p—— “ONE 50 FT. ROLL OF WIRE
COLOR PART NO. U.S. LIST PRICE
BLUE IWAB 1495
WHITE IWAW 1495
YELLOW Way 1495
RED IWAR 14.95
— REPLACEMENT ROLL OF
- WIRE 50 FT
BLUE R-JW-B 2.98
WHITE R-JW-W 2.98
YELLOW R-JW.Y 2.98
RED RJW-R 2.98

DAISY CHAIN POINT TO POINT

OK MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

*MINIMUM BILLING $25.00/ ADD SHIPPING CHARGE $2.007 NEW YORK CITY / STATE RESIDENTS ADD APPLICABLE TAX.
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24 25 32

SOURCE DATA FOR
PERMUTE P

FIRST ELEMENT OF PERMUTE P

X

]

0O 0 0o 0o o i

-

L

INDEX TO BYTE |

BYTE @ BYTE )

INDEX TO MASK 8

BIT 16 ISOLATED

+ } ADD FF

BIT 16 MOVED TO CARRY

CARRY

@ X X X X X X X
CARRY

X X X X X X X @

SHIFT BIT 16 INTO
RESULT BYTE

Figure 9: Example of per-
mutation operation being
used to obtain first bit
of Permute P result.

Figure 10: Table organiza-
tion for Select S1 through
S8 data.

116

April 1979 © BYTE Publications Inc

ANDed with mask 8. Once the bit is iso-
lated, it is forced into the carry bit by first
clearing the carry bit and then adding hexa-
decimal FF. The value of the carry bit is
then shifted into the resuit byte.

The process described above is continued
for all the elements of the permutation
table. The number of bits in each result byte
is controlled by BCOUNT. Each result byte
is temporarily stored on the program stack.

S1, S2 INDEX 0O 0 X X X X X
$3, S4 INDEX s} | X X X X X
§5, S6 INDEX | 0 X X X X X
S7, S8 INDEX | I X X X X X

BYTE 2

BYTE 3

After completion of all bit permutation op-
erations using all table elements, the result
bytes are taken from the stack and placed at
the proper destination address.

This routine, as well as others, makes ex-
tensive use of the 6502 indirect, indexed
mode of addressing. It is a particularly
powerful technique for sequencing through
many tables, as this program does.

Before leaving the description of this
routine, | should explain one problem | had
with the permutation table for Permuted
Choice 1. For the results of each permuta-
tion except Permuted Choice 1, there are
either 6 or 8 bits in each byte. Table 9 shows
that two bytes of the result have only 4 bits.
To achieve consistency in the code for
TFORM, | added eight elements to the per-
mutation table of Permuted Choice 1. They
force these extra bits to 0, using mask 0, and
allow all bytes of the result to have eight
bits.

Select S1 thru S8 Module

As described before, the Select S1 thru
S8 function transforms groups of six bits in-
to groups of four bits according to tables S1
thru S8. Table 9 shows that each group of
six bits is contained in one byte of source
data. Figure 10 shows the organization of
the data for the tables S1 thru S8.

In order to transform each 6 bit source
group into the proper 4 bit result group, you
must generate an index into the segment
containing the S1 thru S8 data. As seen in

SI s2 64 BYTES
DATA DATA (SEGMENT 0)
s3 sS4 64 BYTES
DATA DATA (SEGMENT 1}
S5 S6 64 BYTES
DATA DATA (SEGMENT 2)
S7 se 64 BYTES
DATA DATA (SEGMENT 3)
R—H—/
HIGH LOwW
NYBBLE NYBBLE



Some plain words

about Word
Processing

Microtronix introduces the “Turnkey” Word Processing Package for $2150

Simply put, Word Processing is a system that treats
text as a steady stream of characters. Think of it as
a form of paperless typing that enables you to com-
pose, edit, and store large amounts of text. Just
punch in the copy, edit and print. It's really that
simple.

e —— e — e S |
Word Processing: The Keyword
is Flexibility.

Paperwork: It's expensive not only in time and
money, but in space as well. Cutting through the
wads of paperwork is what Word Processing is all
about.

e Correspondence Direct mail, questionnaires,
press releases, sales pro-
posals, and announcements.
Graduate theses, literary
manuscripts, and research
notes.

¢ Legal Documents Leases, wills, and briefs.

s Accounting Ledger and journal entries,
billings and invoices, collec-
tion letters, and monthly state-
ments.

¢ Academic

Type that standard form and save for future
use on audio cassette {included) or optional disc
drive. Add varable information and with the
press of a button your final copy is printed.

The $8000.00 word Processing
Package at a fraction of the cost.

You've read about Lanier Word Processing, and

IBM's Mag Card Unit. Now think practical. Here's a
system that performs on a par with the “biggies” that
is tailored to your budget.

|

The System

Radio Shack TRS-80 Level I with 16K memory.
Serviceable at any local Radio Shack Store. . . $799

Anderson-Jacobson 841 Serial Printer. The
“State of the Art” bidirectional terminal containing
a heavy duty IBM 745 Selectric. An excellent “off-
line” typewriteraswell . .. .......... $1195.00

“The Electric Pencil” - Software. Designed for the
TRS-80. Features include correction, insertion and
deletion of letters, words, lines, and paragraphs.
Contains user defined output format. Add $50. for
disk base version. ... ............... $99.95

TRS-232 Interface - To connect your TRS-80 to the
Anderson-Jacobson 841. No expansion interface
needed . ... ... .. $

Pick up the phone and call our toll-free number.
Talk to us about options. We can adapt a Word Pro-
cessing Package to your present system.

W

Special Sale on Printers: SJave =50 to G100
Integral Data IP/125. ... .............. $749
IP/I225 Tractor. . . . ..o cvineennnnn. $899
Anadex DP 8000 Bi-directional Tractor. . . $995
Texas Inst. 15" Bi-directional Tractor. . . .$1895
Micropolis Disk Drive for the TRS-80
1027-1 Expands storage capacity to 89K or ap-
proximately 15,000 words per diskette. . . . . $499

1037-I1 Double density dual unit. 77 tracks
400K. ... e $1195
Modems

Novation (Radio Shack) “Cat” send/receive with

lroe scltware $199.95
D e ——— _— & o o e
Discounts on TRS-80 Hardware

Extegﬁive &itﬁgrg ﬁﬁﬁilﬁhlﬁ

———— e — e ——
Write for our free catalog. Major credit cards ac-
cepted.

Toll Free Microline
800-532-4550
In Penna. and Can{215)665-1112

Microtronix
P.O. Box

Phila. Pa. 19105

mMicrotronix

Microtronix Price Match Policy: We will match any currently advertised price providing the item is in stock.Shipping/handling: Soltware - $2.50 initial chg. $ .50 each additional item. Add $2.00 for Air

Service in the lollowing states: AL,
subject to ilability and d by the fact:

Circle 226 on inquiry card,

K, AR, CA, FL, GA, HI, ID, IL, IN, IA, KS, KY, MI, MN, MT, NE, NV, NM, ND, OR, TN, TX, UT, WA, WI, WY. Hardware-call for details. Pa. res. add 6%. All products
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INPUT TO
SI1-S8

118

Figure 11: Example of the
process which performs
the mapping function S8.
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r

1 | by bz b3

bg

dq d3 dp d| €q €3 ¢ ¢

AND

figure 10, the index into each individual
table is controlled by bits 6 and 7 of the
index byte.

Let’s examine how to map the last byte
of the source data using S8. Figure 11 shows
that the low order 6 bits from the source
byte are used to select a byte from the 64
bytes in the S7, S8 segment. To access the
correct 64 byte segment (S7, S8) we force
the two high order bits to 11. The resulting
byte is used as an index into the table. If
you mask the high 4 bit word of the ac-
cessed byte (which also contains S7 data),
the proper S8 data is selected. Of course, the
table data must be properly ordered within
S8, but that’s fairly easy.

In order to carry out the other transfor-
mations, you proceed in a similar fashion.
The only changes would be the two high
order bits used to index the proper segment
of the table, and whether you mask the low
or high nybble.

A general flowchart of this module is pro-
vided in figure 12.

ROTATE Module

As | said before, | decided to generate
each subkey as | needed it. To generate sub-
keys K1 thru K., it is necessary to perform
left rotations of Ci and Di and then perform
Permuted Choice 2 as shown in part 1.
The number of left shifts is determined by
using the iteration count, LOOPCT, as an in-
dex into the table SHIFTM. This module is

—
bs bg s s2
DATA DATA
INDEX INTO
si-s8
TABLE L
P
e s7 s8
DATA DATA
DATA

MASK HIGH NYBBLE

DATA TRANSFORMED BY S8

relatively straightforward except for the
problem caused by the half byte boundary
shown in figure 13,

A second problem arises in the case of de-
cryption. In this case, the subkeys must be
generated in reverse order (ie: K16 thru K1).
In order to generate them properly, the rota-
tion of Ci and Di is done by right shifting
and by using the SHIFTM table in reverse
sequence and by performing Permuted
Choice 2 before the right rotation is done.
This may seem strange, but | gave it a great
deal of thought to make sure it was right. It
is the simplest way that | could devise to do
the decryption correctly, and it works!

What'’s Left?

The only remaining module is the one
which swaps two groups of four bytes each.
This module is called SWAP, and it performs
the swap function and block transform
function discussed in Part 1.

Put Them All Together

The main module, DES is really a master
controller for the other modules. It initial-
izes the parameters used by TFORM, per-
forms the appropriate modulo 2 additions
shown in table 8, makes sure that subkeys
are properly generated during encryption
and decryption, and maintains the iteration
count. Figure 14 is a general flowchart for
this module.



WHEN THE FUN AND GAMES ARE OVER, you shoutdn't

have to gamble on your microcomputer’s ability to get down to business. You won't
with Outpost 11. It’s a serious unit with quality components: Cherry, full ASCIH key-
board; Setchell-Carison CRT, 24 x 80 characters, 7 x 9 dot matrix; inverse, grey, blink;
form generation characters; Shugart floppy disk drives; M6800 CPU; 32 k bytes RAM;
glass-epoxy PC boards, manufactured and tested to Mil Q 9858-A; entire unit 100-hour
burn in tested; IC’s tested to Mil P 883; 1/0 interrupt prioritizing structure; soft-
sectored disk format; business BASIC; self diagnostics; software development pack-
ages; etc; etc; etc. All this and more at only $2,595,

suggested retail price. See Outpost 11 at a dealer listed
or write us for the name of a dealer near you.
%INIO Corporation, 4301 Poche Court West,
New Orleans, La. 70129

THE SERIOUS MICROCOMPUTER

Dealers: DALLAS, Eclectic Corp. — 214-358-1307 * GREENVILLE SC, Plus, Inc. — 803-
242-9090= HOUSTON, Eclectic Corp. — 713-228-7798 « IDAHO FALLS ID, Great Plains
Computer Co. — 208-526-9051 « NEWORLEANS, TANO — 504-254-3500 * SALT LAKE
CITY UT, Home Computer Store — 801-484-6502 « SEATTLE, Empire Electronics —
206-244-5200. Dealer inquiries invited — 504-254-3500. TWX 810-591-5229.
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Figure 12: Flowchart
of module which per-
forms the select S1
through S8 mapping
function SELECT.

START

SET BITS 6
AND 7 OF
SEGMNT TO
POINT TO

S7 AND S8
DATA SEGMENT

:

SET X
REGISTER TO
FETCH

B BYTES

FETCH BYTE
TO BE
MAPPED.
CREATE INDEX
INTO SELDAT
TABLE USING
SEGMNT

[

FETCH
SELDAT DATA
MASK HIGH
NYBBLE AND
RETAIN

|

FETCH NEXT
BYTE TO BE
MAPPED.

CREATE INDEX|
INTO SELDAT
TABLE USING
SEGMNT

FETCH
SELDAT DATA
MASK LOW
NYBBLE
COMBINE WITH
PREVIOUS
NYBBLE

TO FORM
RESULT BYTE
PUSH ON

STACK

PULL 4 BYTES
FROM STACK
AND STORE IN
TEMP (0) -

ADJUST
SEGMNT

TO POINT
TO NEXT
SEGMENT OF
SELDAT

DECREMENT X

TO POINT TO
NEXT BYTE

TO BE MAPPED.

TEMP (3)

RETURN

16 17

24 25

28

28 BITS

Figure 13: Rotation of the bits in Ci,Di requires special attention to bit 28
because it is in the middle of a byte.
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The only particular point worth noting
is that the parameters used by TFORM to
perform the proper permutation are stored
sequentially in the order used. The order of
the information in the table DATA is:

Initial Permutation data
Permuted Choice 1 data

Permuted Choice 2 data 16

Select E data l .
Permute P data Jeiauens
Inverse Initial Permutation data

Once the Initial Permutation and Per-
muted Choice 1 are performed, the DES
routine sequences TFORM thru Permuted
Choice 2, Select E, and Permute P, for 16
iterations. Then TFORM performs the
inverse Initial Permutation to complete the
encrypt or decrypt operation.

Using the Program

The Standard Data Encryption Algorithm
program is written as a subroutine which can
be called at hexadecimal address 0176. In
order to use the routine, three things must
be supplied: mode, plaintext, and key. The
mode byte (location 0000) is set to 00 for
encryption or FF for decryption. The plain-
text is 8 bytes of data (locations 0001 thru
0008) which is to be encrypted or decrypted.
The key is eight random bytes provided by
you (locations 0009 thru 0010) to control
the algorithm. The encrypted (or decrypted)
result is returned to locations 0001 thru
0008.

A call to DES uses 12 bytes of stack stor-
age. If your other programs use the stack,
you should take care to avoid overwriting,
the main routine. Many of the page zero lo-
cations used by DES may be used for other
purposes between calls. These hexadecimal
locations are 0011 thru 002C and 0038 thru
0040. A memory map of the entire program
is shown in figure 15.

When the encryption key is loaded, you
should make sure that the bits are nearly as
random as possible, since it is the random-
ness of the key which makes it difficult for
an outsider to decrypt the cipher. If you
attempt to load ASCII characters as key, it
is likely that the most significant bit of each
byte will be zero. This will substantially re-
duce the strength of the algorithm. An alter-
nate way to handle the key is as 16 ASCII
characters, with random contents in the four
low order bits. The four low order bits of
these characters can be compacted to form
the eight bytes of key which the algorithm
requires.

Text continued on page 124,



64K bytes of
fast, low
power dyna-
mic RAM.

$69500

32K bytes of
faster static

RAM.
$59500

Both Our UNCommon Dynamic and our UNCommon Static RAMS have the following
features and specifications:
® Compatible with: IMSAI, VECTOR, SOL, TDL, MITS, IA, CROMEMCQO, NORTH STAR,
and most other S-100 systems.
® Inputs buffered with 1 LS TTL load.
@ Outputs are all three state.
® Memory selectable and deselectable in 4K increments.
® DIP switch selectable addressing.
® Phantom selectable on pin 67.
® Disc compatible. DMA compatible to IMHz.
® Reliability — all boards are fully tested
a. Bus address and control line timing skew.
b. Word pattern sensitivity.
c. All boards are burned-in.
® Full documentation.
® Industrial quality design and components. Glass epoxy boards. Silik screened
legends. Gold plated edge connecrtors. All IC's on sockets.
® Delivery — Stock to 30 days.
® Guaranteed performance for one year on parts and labor. Full refund if returned
undamaged within 14 days.

Our UNCommon Dynamic RAM Features: Our UNCommon Static RAM Features:

©® 64K bytes of dynamic RAM with ® 32K bytes of static RAM using
on board transparent refresh. 300n Sec low power static

® S-100 interface compatible with RAMS.
crystal controlled timing IN- @ No wait states or cycle stealing
DEPENDENT of bus or processor with 8080, 8085, or Z80 pro-
timing. cessors up to 5MHz.

©® No wait states or cycle stealing ® Organized in 8 independently
with 8080 or Z80 to 4MHz. Up addressable 4K byte increments
to 5MHz with 1 wait state. at 4K boundaries.

| would like 1o order the following fully assembied and Name

testidt UNCommon memory il m BA. VISA r MASTERCHAR:
UNCommon Dynamic RAMS Ele;se b'!l Y O O . 0 D Eratnmmt Address
O OM0400  GAK RAM - $005 an No — —  Expiration date: -
0 DM3B00 48K RAM — $505 Four digits above name on Mastercharge card: City State Zip
O DM3200 32K RAM — $495 P

UNCommon Static RAM All ordlers shipped postparc. All orclers in ULS. hunths

D S\M3200 32K RAM - $505 MEASUREMENT 867 North Maln Street Elesse 401 10% ol orces ousice US A Canacanc
N— Systems & controls Orange. California 92668

nclased s & " MO reler lor

iCa ws.(len(u:(lc.:e.\2(1‘;:0&\!0\:’.\1 Please aliow 18 incorporated Telephone: (714)633-4460
Clays 101 Cnecks to clear bank Thank yout )
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START

INITIALIZE
TFORM DATA
POINTER AND
LOOPCOUNT

l

PERFORM
INITIAL
PERMUTATION

|

PERFORM
PERMUTED
CHOICE ONE

PERFORM
PERMUTED
CHOICE TwO

l

ROTATE
Ci, Di

ROTATE
Cy, DI

l

PERFORM
PERMUTED
CHOICE TWO

]

T

PERFORM
SELECT E

|

MODULUS 2
ADDITION OF
SUBKEY

AND PERMUTED
PT RIGHT

PERFORM
SELECT
S1-58

PERFORM
PERMUTE P

|

MODULO 2
ADDITION
t(R,Ki)

TO PT LEFT

|

SWAP PT
LEFT AND
PT RIGHT

16
ITERATIONS

RESET
TFORM DATA
POINTER

PERFORM
BLOCK
TRANSFORMATION

PERFORM
INVERSE
INITIAL
PERMUTATION
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Figure 14: Flowchart of the main routine for the Standard Data Encryption Algorithm.




**CIS cosoL (v2.0) STOCKLSRC PAGE* 00001

LR

000010 xosuwxpxcawxon pIVISION. 0000

000020 PROGRAH-ID. swocx-vxns-ssw-uv. 0000

000030 AUTHOR: MICRO pocus LTD: 0000

000040 £V RONMENT pIViSION. 0000

000050 CONFIGURATION SECTION. 0000

000060 souacs—convuwsa. ups-800- 0000

000070 OBJECT—COMPUTBR. wps-800- 0000

000080 xuvuw-ouwpuw SECTION: 0000

000090 FILE-CONTROL. 0000

000100 SELECT orock-F 1LE ASSIGN egTOCK. IT° 0000

900110 oacauxzawxou JNDERED 0000
00} ACCE yNAMIC 0000
000130 RECORD KEY TOCK-CODE " 0000
000140 DATA pIVISION: 0020
000150 FILE GECTION. 0020
000160 FD grOCK-FILE RECORD 32¢ 0020
000170 0} STOCK-TTEM. 0020
000180 02 s rOCK-COPE pIC Ri4): -
000199 02 vaooucw-ossc 21C ®A28) .

000200 02 uniT-S128 STICILLE

000210 HORKING—STORAGE SECTION.

000220 O} scassu—usaoxuss.

000230 02 ASK-CODE pic ®(21) VALUE egrOCK CO

000240 02 FILLER pIC X459 -

000250 02 ASK-DESC p1c *116) VALUE »pESCRIP’

000260 02 51-DESC p1c %123 yALUE °

000270 02 FILLER piC %(39)-

000280 02 Ask-S12E pic ¥(21) VALUE agNIT S?

000290 0l BNTBR—IT REDEFINES SCRBBN—HEP\DINGS.

000300 02 FI‘J‘.JER piC ®(16) -

000310 02 CR’T—STOCK—CODE pi1C xi4) .

000320 02 FILLER piC %{76) -

000330 02 CRT-PROD—DESC piC ®i24) -

000340 02 FILLER piC %{56) -

000350 02 CRT—UNIT—SIZB piC 9(4)-

000360 02 FILLER pIC X

000370 PROCBDURE DIVISION.

000380 SR1l.

000390 DISPLAY 5pACE-

000400 OPEN 1-0 STOCK-FILE. 0017
000410 DISPLAY SCREEN—HEADINGS. 0018
000420 NORMAL—INPUT. 002F
000430 MOVE SPACE TO BNTER-IT. 0030
000440 DIS?LAY ENTBR—IT. 0036
000450 CORRECT—ERROR. 004D
000460 cCEPT 12 TER-IT - 004E
000470 iF CRT-STOCK-C 1] PACE Go TO gnp-1T- 0065
000480 1F CRT-UNIT-SIZE NOT NUMERIC Go TO CORRBCT-ERROR. 006F
000490 MOVE CRT-PROD-DESC TO PRODUCT-DBSC. 00177
000500 MOVE CRT-UNIT-SIZE TO UNIT-SIZB. 007D
000510 MOVE CRT-STOCK-CODE TO STOCK-CODB. 0083
000520 WRITE STOCK-ITBM: 1NVALID Go TO CORRBCT-ERROR. 0089
000530 Go T0 NORHAL—INPUT. 0097
000540 gnp-17- 009R
000550 C 1] STOCK-FILE. 0098
000560 DISPLAY sPACE: 009F
000570 DISPLAY =gND OF PROGRAM'. 00A3
000580 STOP RUN. 0084
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2 bytes 3 cycles
2 bytes 2 cycles
2 bytes 2 cycles
2 bytes 5 cycles
8 bytes 12 cycles
total total

CLC

LDA  $00
STA  WORD 1
STA WORD 2
STA WORD3

STA WORDS

LDA  SOURCE 1
AND  $XX

ADC  $FF

ROL WORD 1

LDA  SOURCE 2
AND  $XX

ADC  $FF

ROL WORD 1

Initialization

Basic in line coding to
permute one bit

Table 10: 6502 instructions which could be used to in line code the per-
mutation function. Fastest time to permute one bit requires 12 cycles and

8 bytes of memory.

Key Plain Cipher
7CA110454A1A6ES7 01A1D6D039776742 690F5BOD9A26939B
0131D9619DC1376E S5CD54CA83DEF57DA 7A389D10354BD271
07A1133E4A0B2686 0248D43806F67172 868EBB51CAB4599A
3849674C2602319E 51454B582DDF440A 7178876E01F19B2A
04B915BA43FEBSB6 42FD443059577FA2 AF37FB421F8C4095
0113B970FD34F2CE 059B5EQ851CF143A 86AB560F 10EC6D858B
0170F 175468FB5SE6 0756D8E0774761D2 0CD3DA020021DC09
43297FAD3BE373FE 762514B829BF486A EA676B2CB7DB2B7A
07A7137045DA2A16 3BDD119049372802 DFDB4A815CAF 1A0F
04689104C2FD3B2F 26955F6835AF609A 5C513C9C4886C088
37D06BB516CB7546 164D5E404F275232 OA2AEEAE3FF4AB77
1F08260D 1AC2465E 6BOS6E18759FSCCA EF1BFO3ESDFAG75A
584023641ABA6176 004BD6EF09176062 88BFODB6D70DEES6
025816164629B007 480D 39006EE762F2 A1F9915541020B56
49793EBC79B3258F 437540C8698F3CFA 6FBF1CAFCFFDO0556
4FBOSE1515AB73A7 072D43A077075292 2F22E49BAB7CA1AC
49E95D6D4CA229BF 02FES5778117F12A 5A6B612CC26CCE4A
018310DC409B26D6 1D9D5C5018F728C2 S5F4CO38ED 12B2E41
1C587F1C13924FEF 305532286D6F295A 63FACOD034D9F 793

Table 11: Sample test words for the Standard Data Encryption Algorithm.

Text continued from page 120:
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Data encrypted using the Standard Data
Encryption Algorithm will be decrypted
properly as long as the correct 8 byte bound-
aries are maintained. This allows you to in-
dependently decrypt 8 byte blocks of data
in memory. There are other ways of using
the encryption algorithm which require data
to be decrypted in the same sequence as it
was encrypted. If you are interested in adapt-
ing DES to these other techniques, you
should refer to textbooks dealing with
cryptography.

As a final note in using the encryption

0000
PAGE O
DATA/TABLES
oos8se
oo8?
ROTATE C AND D
ROUTINE
o008
0009
SWAP
ROUTINE
00E6
/] (OOEF - OOFF )
0010
SELECT S1-58
ROUTINE
0132
0133
TFORM
PERMUTATION
ROUTINE
0175
0176
MAIN
ROUTINE
oice
PROGRAM
STACK
0200
PERMUTATION
TABLES FOR:
INITIAL
PERMUTATION
INVERSE INITIAL
PERMUTATION
PERMUTED
CHOICE TwoO
PERMUTE P
O2FF
0300
MAPPING TABLES
FOR SELECT
Si - s8
O3FF
1780
PERMUTATION
TABLE FOR
PERMUTED
CHOICE ONE
I7BF

Figure 15: Memory map for the Standard
Data Encryption Algorithm program.

program, all of the routines, permutation
and selection tables, and TFORM input
parameter tables (array DATA) may be
relocated by altering a small number of
address references.

Timing Analysis

One of my primary objectives in pro-
gramming the Standard Data Encryption
Algorithm was to determine the efficiency
of the 6502 processor in handling a task
which requires lots of bit manipulation.
In order to determine the efficiency of the
implementation, | calculated the approx-



At last.
A controller

oWl

never have to throw

2 e
% “ l If you've got a floppy disk
controller on your S-100 bus, you've

got a big problem. Because when you
want to upgrade your system from single to double
density, or from single-sided to double-sized, or from
5" to 8" floppy, you'll have to throw that old controller
off the bus.

But not any more you don’'t. Because at
DATASPEED, we've developed one controller that
works with all four kinds of floppy disk drives.

And doubles the density, too.

Works with all
floppy disk drives.

Single-sided minifloppys™ Double-sided minis.
Single-sided maxis. Even the new double-sided maxis
with up to 8 megabytes. This is the only controller
in the world that works with all four.

Handles any upgrade.

When you want to go from single-sided to
double-sided drives, this great new controller reads
each side automatlcally And you can upgrade from
5" to 8" disks just by changing a simple Header socket.

Packsin
twice the data.

Now you can pack double density data on every side
of every disk. Because we've designed in a bootstrap
PROM that automatically controls any Shlft from single
to double density. And, of course, when you're running
double density, you can transfer data in half the time.

Circle 88 on inquiry card.

So when you buy this controller, and a compatible
CP/MM™ we're including a free software package that
lets you transfer all your files to double density.

We call it

The Conductor.

The DATASPEED Floppy Disk Controller.
It handles all your upgrades. It packs in twice as much.
And at only $295, it’s even the cheapest way to go.
That's why this is one controller you'll never have to
throw off the bus. And that’s why we had to call
it The Conductor. Ask for it at your local computer shop
or send $295 for immediate delivery. By the way, we
have Double-Density CP/M™ for only $100. Complete
disk drive systems are available.

Write us for more information. Dealer inquiries
welcome. And watch our future ads for trade-in
offers. DATASPEED, INC,, 1302 Noe Street,
San Francisco, CA 94131.

THE CONDUCTOR“"

Minifloppy is a TM of Shugart Associates.
CP/Mis a TM of Digital Research.
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imate number of machine cycles spent in
each module during one encryption cycle.
The cycle times which | used for each
instruction were taken from the data pro-
vided by MOS for the 6502. My calcula-
tions revealed the following times:

DES (Main) Routine— 4300 cycles
Rotate — 1900 cycles
Select S1-S8 — 7500 cycles
TFORM — 146000 cycles

This indicates that over 90 percent of
the time is spent in the module TFORM.
These calculations also indicate that the to-
tal encryption timeis approximately 160ms;
assuming the 1 us cycle time of the KIM-1.
In order to verify these calculations, | timed
a loop which performed 256 encryption
operations. The observed execution time was
164 ms. Not bad for a rough estimate. Max-
imum throughput would be about 390 bps.

| next wondered what maximum through-
put could be achieved, given unlimited mem-
ory. The two most obvious changes to make
were to perform subkey generation only
once, and to optimize TFORM. Table 10
shows the basic instructions which could be
used to code the basic permutation func-
tions, such as Permute P in line. It also
shows the number of machine cycles re-
quired and the number of bytes of memory
required. These changes would reduce the

Listing 1: The DES program implemented on the basic KIM-1 module.

09z

DOET?
00E?
DOED
LY
ouB?
["DT-3
0OR?
OuE7
OuB?
N7y
0087
0057
V057
[JOT-
0NNzl
our’?
ouB7
OOR?Y

126

LAEREALERS AL RS I E SRS RI RS ERE R RS R R RS ]

*
* HICFD - DATH EHCRVFTIOH STANDARD FROGRaM =*
* BY *
* EOEERT ¥. MEUSHAWY hd
& ¥
¥ CENTEY ot?é2 *
LR R R LSRR RIS SR AL R R R SRR SRR R RS

ORG

$0087

SR ERERE A YR
HEMORY LOCTATIONS

AL IR R R EEEE RS

HODE * £0000 EHCRYPT/DECRYPT MODE
PTL * 10001 PTCLEFTY START

PTR * £0005 PTC(RIGHT > START

KE" * $0009 KEY START

TEWF . 10011 TEHPORARY STORAGE
SUBKEY + £0019 SUBKEY START

LDt * foolt START OF C(I1)

£o2 * fo022

DY ] * 10023

LD4 * V024

D] * 10025 START OF 0CI)

DI T * 10026

so? * fo027?7

i) * fo0e3

LOOFET » f0029 ITERARTION COUNT
BITLHT =« £0024 # BITS PER WORD
SEGHNT » fo024 DATA POINTER FOR S§1-58
HOLC * fo028 TEMPORARY STORAGE

Listing 1 continued on next page.
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number of cycles spent in TFORM to about
16900. The time for one encryption cycle
would be reduced to about 31 ms, and maxi-
mum throughput would increase to 2000
bps. Memory requirements would increase to
about 3500 bytes.

It is clear that although the 6502 can per-
form at a reasonable rate, its instruction set
is not well suited to high speed implemen-
tation of the Standard Data Encryption
Algorithm. If bit test instructions were avail-
able, similar to those of the Zilog Z-80, it
would theoretically be possible to reduce the
time spent in TFORM by 50 percent. It
would then make sense to speed up the other
routines. | would not be surprised if through-
puts of 8,000 to 10,000 bps were possible.

Conclusions

I have demonstrated that the Standard
Data Encryption Algorithm can be imple-
mented on the basic KIM-1 with reasonable
performance. However, it is clear that the
instruction sets available for most processors
are not well suited to an efficient implemen-
tation of the algorithm. It is also clear that
the basic functions necessary to perform the
algorithm (ie: bit permutations) are not
well suited to implementation in software.
I have shown that an increase in memory
to about 3500 bytes will allow the through-
put to be increased from 390 bps to about
2000 bps.

I have attempted to present a coherent
description of the Standard Data Encryption
Algorithm for those readers who may be
interested in reprogramming it. Table 11
provides a set of test words to verify your
implementation. These test words are part
of those available from National Bureau of
Standards Special Publication 500-20.

The coding of my encryption program
is provided in listing 1. For anyone inter-
ested in obtaining a KIM compatible cassette
with the Standard Data Encryption Algor-
ithm program, several driver routines for
Teletype and keypad, a shortened version
of the program, and complete documenta-
tion, send $6 to R Meushaw, 4188 Brittany
Dr, Ellicott City MD 21043.
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Katzan, H, The Standard Data Encryption Algo-
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16K BYTES OF MEMORY, SPEECH,

ACTION SOUNDS, MUSIC
AND COLOR

FCC, CSA
AND UL APPROVED

Two years ago we wrote a piece on the
most startling product of the decade. The
first personal computer. It actually brought
the miracle of computing power within
reach of small businesses. At less than
$1000, it was even affordable for home use.

That was two years ago. Today, that same
unit. and other second and third genera-
tion models are still being sold. Enter now
Interact's fourth generation American-
made personal computer with total sound.
color, 16,000 bytes or words of usable
memory, and superb ease of handling at
hundreds of dollars less than any compar-
ably equipped computer.

GIANT COMPUTER HARDWARE
Beneath its cover is the Intel 8080 micro-
processor brain—a powerful logic com-
ponent used in computers costing tens of
thousands of dollars. Interact loads data
up to 5 times faster than most other com-
pacts. Its 8080 brain does all of the complex
data saving. processing and retrieval
chores. All that's left is typing in the data
through the 9 inch, 53-key standard type-
writer keyboard.

WHY IT COSTS LESS

Since the unit performs in color, it is de-
signed to hook up to any TV antenna ter-
minal. If we included a color screen (CRT),
we'd have to charge more. Witness the 16K
Radio Shack Model. it's only black and
white, and with its screen that isn’'t even a
TV, it costs $899.00. Ours, with full sound
and color is several hundred dollars less.
Interact full sound is generated three ways:
There are game action sounds from the
microprocessor. tunes within the programs
and actual speech and music from any
cassette software. In fact, it is the only com-
puter able to transmit full sound through a
TV.Image resolution is superb.

THE MOST EFFICIENT BUSINESS
TOOL EVER

Interact* comes ready to handle a wide
range of business applications. Its Level ||
Basic. and 16K byte system capacity give
you the instruction set and the room to
write your own programs for payroll, inven-
tory, client records. etc. For accountants,
attorneys, doctors, salespeople. and small
businesses. it's a lot of computer for very
little money.

For the enlightened computer expert, our Level
Il Basic is Interact's version of the Microsoft™
and is equivalent to all Level Il programs cur-
rently available. The program includes: a super-
set of operations in floating point with integer
and string arrays, direct memory access, direct
statement execution, two character variable
names, user definable functions, muiti-state-
ment lines, editing, scrolling, file management,
and more.

AN INCOMPARABLE SCHOOL TEACHER
Since it can talk, play music and perform in
color, Interact is a phenomenal teacher.

Circle 42 on inquiry card.

$300. WORTH OF

14 PROGRAMS ——INCLUDING
EDU-BASIC AND LEVEL 2 BASIC.

That's why High/Scope. an educational
research foundation, was commissioned to
develop an exclusive Language Arts pro-
gram for it. The 8-unit program ranges from
Letter Recognition for preschoolers
through Word Root, Grammar, Critical
Reading and Writing exercises for the 8 to
15 year old. Students listen, take notes and
prepare assignments through the com-
puter. Similar math and foreign language
programs are also being prepared. By com-
parison, any one of these courses given by
a tutor or commercial school could easily
cost as much as the computer itself.

IT’S A BRILLIANT MUSIC TEACHER
A comprehensive music program and a
piano keyboard overlay turn the computer
into a perfect pitch maestro. You can prac-
tice, write a tune or record. To create a
melody, you can select both key and tempo.
A staff is displayed on which to write your
song. note by note, complete with rests and
values. Play the composition back; correct
any note; instantly transpose it to another
key; or store it on a blank cassette for later
revision. A student can listen to his lesson
and transpose it into another key for use
with F, B*, E* horns, etc. The youngster
then plays along in the right key, in the cor-
rect meter. /t's a fantastic application.

OF COURSE, IT PLAYS GAMES
Interact is a total entertainment center
with color, sound, and music. There are
Chess. Backgammon, Hangman, Regatta
Races, Concentration, Trailblazers, Black-
jack, Star Track—games that would cost
any arcade owner $2000 or more. Challenge
the computer or another opponent. Each
game will bring family and friends together
for hours of quality fun.

FCC AND CSA APPROVED FOR YOUR TV
The Interact computer, with built-in stor-
age and programmability, is§ FCC and CSA
approved for attachment to any TV. it is UL
listed and operates onstandard 110V house-
hold current. It's portable, too: weighs 12
pounds andis only 19" L x 12" W x 8" D.

If you're

thinking about a
Home Computer,
make sureit's
not just agame

SPECIAL OFFER—OVER $300 WORTH OF
FREE PROGRAMS— INCLUDING LEVEL II
Interact is exceptional. But, there is just no
way to prove it, unless you are enjoying it
in your own home and business. You have
to try it. That's why we are giving you 14
different full color and sound programs
FREE —including Edu-Basic and the Basic
Leve! Il program for advanced applica-
tions. It's our way of backing up everything
we've said and making it worth your while
to check it out for yourself. Your $300
FREE value includes:

Edu-Basic™ ¢ Level ll Basic ¢ Blackjack o
Compute-A-Color™ « Hangman™ « Knockdown™
e Trailblazers™ e« Dogfight™ ¢ Showdown™ -«
Regatta™ < Concentration ¢ Add-Em-Up™ o
Computer Maze™ e« Biorhythm™ and 1 Blank
Data Tape.

Fourteen programs are actually more than
other computers have to offer. They're
yours FREE with your purchase of the
Interact. If, after 15 days you are not satis-
fied with your Interact, you may return it
for a prompt refund of the purchase price.
Sorry, but you'll have to return the 14 pro-
grams and the data cassette aiso. The unit
IS backed by a ninety-day parts and labor
limited factory warranty.

CREDIT CARD ORDERS CALL TOLL FREE

800-621-5809

ILLINOIS RES: 800-972-5858
24 HOURS -7 DAYS/WEEK

I |

I [ Please send me the Interact Computer. with 2
Hand Controls, connecting RF adapter and the 14 |
l Free Program Library—Including Basic Level {l and
1 Blank Data Tape. If not satisfied, | can return same l
I for a prompt refund within 15 days.
Ij | enclose $588.00 plus $17.95 shipping and '
Insurance. Allow 2-3 week delivery.
(Ill. residents add 5% tax.)

O 1 also want the following programs:
[ StarTrack..................
O MicroChess (vs. computer)
O videoChess (vs. opponent)

Backgammon..............

|

|

|

I $
| REVEISI . ..\ vvvnsniinsniinieninianns

|

|

|

0 MusicMaestro..............o.ceeun..
[ Total amount enclosed $

O Check 0O Money Order

[ Charge My Credit Card:

[ American Express [J Master Charge [J Carte
[ Diners Ciub

[ BankAmer/Visa Blanche

' Credit Card No.
| Master Charge #
l Name
Addr
' City
l State
Signature
B4 © Camelot 79

Exp. Oate

Zip

e e e e e e o o —

WHLY 801 Green Bay Rd., Lake Bluff, IL 60044

Camelot oirecr

A DIVISION OF UNITED EDUCATORS. INC.
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Listing 1, continued: 02F0 11 3B 12 28 13 3R 39 08
02F8 OR 23 21 2B 2R 22 3% 41
0072 4¢ 02 1780 0¢ 00 00 00 20 21 22 23 PC-1 TABLE
0074 3F 1788 28 29 2R 2B 2C 20 2E 2F
0075 0% 1799 3¢ 31 32 33 34 35 36 37
00?8 OF 1798 38 39 3a 38 3C 3D 3E 3F
0027 01 62 vZ 2 02 02 vz vt SHIFTH DATH FOR 1740 00 00 €0 00 24 25 26 27
007F 02 02 02 02 02 02 01 ¢l C.D SHIFT 1748 1% 19 14 1B 1C 1D 1E 1F
1780 1o 11 12 13 14 15 16 17
0200 38 32 3R 3B 3C 30 3E 3F IP TABLE 1783 05 03 0A ¢B 0C oD OE oF
0208 28 29 2R 2B 2C ab 2E 2F
0210 18 1% 1A 1B 1C 1D LE IF 0309 EF 63 41 FD DB 74 1E 47 SELDAT (SELECT S1-58 DATA)
0218 08 09 OR ¢B 0OC oD 9E ¢F 0308 26 EF FB 22 B3 D8 34 1E
0220 40 41 42 43 44 45 46 47 0310 32 AC A? 60 62 &1 CD BA
0228 30 31 32 33 34 35 3¢ 37 0318 SC 96 9¢ 39 05 38 ?A 85
0230 2¢ 21 22 23 24 25 26 &7 0320 4¢ FO 1E L3 E? 58 8B 21
0238 1¢ 11 12 13 14 15 18 17 0328 O~ 43 64 9F 20 14 BI 72
0339 FS SB C8 Bé 9C 37 76 EC
0240 0B OF OA CE 09 0D 9% oC IPCINVERSE ) TABLE 0338 32 A0 A3 05 52 SE OF D9
0248 13 1? 12 16 11 15 16 14 0340 A? DD OD 78 9E OB E3 95
0250 1B IF 1R 1E 19 1D 15 1L 0348 60 36 36 4F F9 20 SA A3
0258 23 2?7 22 26 21 25 2n 4 0350 11 24 p2 87 £8 52 ?5 EC
0260 26 2F 2A 2E 29 20 28 ZC 0358 BE €1 4C BA 24 FE BF 19
0268 33 37 32 35 31 35 30 24 0360 DA 13 66 AF 49 Do 90 06
0270 36 3F 3R 3E 39 30 38 2C 0368 8. 6A FB 91 37 B0 o0 78
0278 43 47 42 46 41 45 46 44 0370 BF 49 11 F4 23 ES CE 38
0378 55 BL W2 57 EB8 22 74 CE
0250 24 OC 44 36 35 16 OF 34 PC-2 TABLE 0330 20 EA C1 BF 48 24 IF C2
0288 27 10 2E 45 26 2C OFE 3E 0338 79 47 a2 ?C B6 D9 63 15
029%0 25 14 IF 1E &0 (T 45 2D 0390 80 56 5D o1 33 FDp F4 wE
0298 1¢ 29 22 1B 38 41 4uv 13 0398 DE 30 0?7 9B ES5 83 9%E e8
02a0 20 21 1a 34 11 24 3¢ 39 03A0 49 B4 2E €3 {F C2Z BS 7C
0ZA8 23 1% 2% 08 42 1% oA 3t 03B A2 19 P33 ES ?C 2F 83 D4
03B0 F? 6B 90 FE C4 01 SA 97
02B0 08 43 3B 33 2B 23 26 23 SELECT-E TABLE 0388 61 A 3D 40 0B 538 Ee 3D
0268 1B 13 0B 42 0B 42 3n 32 03C0 40 D1 B2 OF 28 BD E4 78
0200 2R 22 24 22 1A 12 9A 4 03C8 F&6 4R OF 93 8B 17 D1 A4
0208 OR 41 39 31 29 21 2% 2t 03D0 3n EC €9 35 93 S¢ 7E CB
0200 19 11 09 40 09 40 3% 30 0308 S5 20 RO FE BC 29 17 ¢2
0208 28 20 28 20 18 16 0% 43 03E0 1?7 62 4B €1 B4 DE D1 &7
03E8 €9 14 3C 4@ TE WS E2 70
02E0 OB 20 19 32 30 33 2% 1w PERHUTE-P TABLE 03F0 A0 9F Fa S sR w% S0 Fo
02E8 0% 1% 1B 43 31 42 4¢ 10 0O3FF of EZ 9% 25 95 34 2% Cce@
] -
The CP/M Operating System now available
-
J
for Radio Shack’s TRS-80
CP/M OPERATING SYSTEM SID™® SYMBOLIC INSTRUCTION DEBUGGER
e Editor, Assembler, Debugger, and Utilities e Symbolic memory reference
e For 8080 and Z-80 Systems e Built-in assembler/disassembler
e Up to four floppy disks SID Diskette and Manual for $125.
¢ Documentation includes. I
CP/M Features and Facilities TEX® TEXT FORMATTER -
CP/M Editor Manual e Powerful text formatting capabilities
CP/M Assembler Manual e Text prepared using CP/M Editor
CP/M Debugger Manual TEX Diskette and Manual for $125.
CP/M Interface Guide
CPIM Alteration Guide HISH-LEVEL LANGUAGES
CPIM System Diskette and Documentation (Set . Fasnc
of 6 manuals) for $150. : Cortt)raln
CPIM Documentation (Set of 6 manuals) only obo ) ) )
$25. e Call or write for information
MAC™ MACRO ASSEMBLER USER’'S GROUP
e Compatible with new Intel Macro standard ® 35 disks with utilities, games and
e Complete guide to Macro Applications applications ‘ .
MAC Diskette and Manual for $150. e Call or write for information
FMG CORPORATION
"P.O. Box 16020 e Fort Worth, TX 76133  (817) 738-0251
CP M s a registered trademark of Digitai Research Corp TRS-80 1s a registered trademark of Radwo Shack
130  April 1979 © BYTE Publications Inc

Circle 136 on inquiry card.




INTRODUCING
G2 LEVEL Il BASIC.

Now do more than ever before with the most powetful Basic you can buy for the TRS-80.

Open the manual and load the cassette. Then get ready to work with the most powerful Basic interpreter you've ever had your hands
on...Level lll Basic for Radio Shack Computers. It loads right on top of the Level Il ROM, and in just 5K of space, opens up
your capability to new dimensions. For starters, this new cassette-based interpreter gives you the whole catalog of disk programming
power Plus graphics commands. Plus powerful editing commands. Plus long error messages, hex and octal constants and con-
versions, user defined functions and a number of commands never before available on either cassette or disk interpreters!
Easier Loading, Fewer Keyboard Errors. G2 Level Ill Basic eliminates aggravations you've had, including keyboard “bounce” and
those super-sensitive tape deck settings. Programs will load easier,-and you'll have far less trouble with input errors.
Basic Access to RS-232. Until now, if you wanted to access your RS-232 interface, you had to work in assembly language. G2
Level IlI Basic does the work for you, letting you use your interface with Basic statements.
Have You Wished for More Power? This new interpreter gives you 10 machine language user calls for subroutines, long error
messages, a new TIME$ call for your real time accessory, plus measure or limit input timing that lets you put a time limit on
responses when you're playing games or giving exams. And the list doesn’t stop here.
Easier and More Powerful Graphics. This new Basic includes three simple commands that can eliminate dozens of program steps.
PUT transfers information from a designated array to your screen; GET reverses the process. LINE makes your computer do the
work when you input beginning and end points. Give it two diagonally opposite corner locations, and it'll outline the rectangle
you're looking for.
Only Microsoft Could Do It. G2 Level Ill Basic was created by Microsoft, the same company that wrote Level Il Basic for Radio
Shack. And it actually uses Level I as a foundation for this enhanced add-on. By the time you’ve mastered all it can do, calling
up the flexibility of the graphics commands, and even enjoying the convenience of renumbering, you’ll wonder how it was all
possible. It’s like getting a whole new computer for your computer.
Available Now for Only $49.95. You get the power that might otherwise cost you hundreds of dollars in additional equipment for
only $49.95. Price includes the User Manual, a Quick-Reference Card, and a preprogrammed cassette tape. Load the tape, open the
manual, and get ready to work with the most powerful Basic Interpreter you've ever had your hands on. G2 Level lll Basic for
the TRS-80. Another member of the growing G2 Personal Computer Program Library.

For the name of the G2 dealer nearest you, call us toll-free at 800/538-8540 or THE RE ASON

800/538-8541. In Califomnia, pl 11 800/672-8691.
i S (B
Eq ! ConsumerCompuler%c:oup YOUR COMHIITER.

T

1286 North Lawrence Station Road Sunnyvale. Calitornia 94086, 408/734-2910
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Queuing Theory,

the Science of Wait Control

Len Gorney
POB 96 RD 1
Clarks Summit PA 18411
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Part 1: Queue Representation

How many times have you waited in a
line? Do you always get to a supermarket
checkout counter without having to wait?
Is the pump at the gas station always open
and ready for you as you drive into the
service area? It’s difficult to imagine anyone
going anywhere and not having to wait in
aline.

Since we’re computer oriented, let’s
define a waiting line by its proper name —
that is, a queue.

A queue is a waiting line controlled by
some service mechanism. A customer enters
a queue at the tail of the queue, waits in line
until he or she arrives at the head of the
queue, is serviced at the head of the queue,
and, finally, leaves the queue. At the super-
market a customer pushes a cart to one of
the lines formed at the checkout area and
waits in a line unti! finally arriving at the
cash register at the head of that line. After
checking out the purchases, that customer
leaves the queue,

Queue Examples

Other examples of queues can be found
in many areas of our everyday lives. The
supermarket checkout queue is a commercial
type of queuing system. Other commercial
queues include the bank teller queue, the
barbershop queue, the gas station queue,
etc. The field of transportation is not with-
out its share of queues: traffic lights, turn-
pike toll booths, airport runways, loading
and unloading docks are but a few examples.

Of course, we have personal queues. How
about that shelf of books you're planning
to read some day?

Let’s Have Order

A queue is defined as a waiting line, and
since a waiting line has both a beginning
(tail) and an end (head), a queue must also
have both these properties.

The head and tail idea implies that cus-
tomers entering (being inserted) or leaving
{being deleted) must follow a definite order-
ing scheme as members of the queue. This
ordering scheme is defined as the dispatching
discipline of the queue.

The usual dispatching discipline of a
queue is known as first in first out or FIFO.
An orderly queue exhibits this scheme. The
first person entering the queue is the first
person to receive service, and the last person
entering the queue is the last person to
receive service., Any person entering after
the first but before the last must spend some
time waiting in the queue before service may
be rendered.

The first in first out discipline is but one
of many ordering schemes that queues
follow. Other servicing disciplines include
last in first out (eg: a stack of dishes), a
priority queue, and shortest line first or
longest line first (these are multiple queuing
systems and will be discussed later).

Queue Representation

How can we represent a queue as part of
a computer program? The following piece of
BASIC coding (a one-dimensional array)
could be used to represent a queue in a com-
puter program:

10 DIM Q(100).

A queue is nothing more than a special
purpose one-dimensional array. Just as the
ordinary one-dimensional array is repre-
sented as a single row or a single column
structure 77 locations long or deep, the queue
can be represented as a single row structure
n locations long.

Over and Under

When an array is dimensioned to 100
locations, the program cannot access the



Wondering which memory
is best for you?

base 2+ offers the following products
to the S-100 market at the industry’s
lowest prices:

8K Static Memory Board

This 8K board is available in two versions. The 8KS-B operates at 450ns for use with
8080 and 8080A microprocessor systems and Z-80 systems operating at 2MHz. The
8KS-Z operates at 250ns and is suitable for use with Z-80systems operating at 4MHz.
Both kits feature factory fresh 2102's (low power on 8KS-B) and includes sockets for
allIC’s. Support logicis low power Schottky to minimize power consumption. Address
and data lines are fully buffered and 4K bank addressing is DIP switch selectable.
Memory Protect/Unprotect, selectable wait states and battery backup are also
designed into the board. Circuit boards are solder masked and silk-screened for ease
of construction. These kits are the best memory value on the market! Available from
stock . . . 8KS-B $125 (assembled and tested add $25.00)

8KS-Z $145 (assembled and tested add $25.00)

16K Static Memory Board

Base 2 can now offerthe same price/performancein a 16K static RAM as inits popular
8K RAM. This kit includes 8K bank addressing with 4K boundary address setting on
DIP switches. This low power unit provides on-board bank selection for unlimited
expansion ... NoMUX boardrequired. Using highest quality boards and components
we expect this kit to be one of the most popular units on the market. Available in two
speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns.

16KS-B $285 (assembled and tested add $25.00)

16KS-Z $325 (assembled and tested add $25.00)

Z-80 CPU Board

Our Z-80 card is also offered in two speed ranges. The CPZ-1 operates at 2MHz and
the CPZ-2 operates at 4MHz. These cards offer the maximum in versatility at
unbelievably low cost. A socket is included on the board fora 2708 EPROM whichiis
addressable to any 4K boundary above 32K. The power-on jump feature can be
selected to address any 4K boundary above 32K or the on-board 2708. An On-board
run-stop flip-flop and optional generation of Memory Write allows the boardto runwith
or without a front panel. The board can be selected to runin either the 8080 mode, to
take advantage of existing software, orin the Z-80 mode for maximum efficiency. For
use in existing systems, a wait state may be added to the M1 cycle, Memory request
cycle, on-board ROM cycle, input cycle and output cycle. DMA grant tri-states all
signals from the processor board. All this and more on top quality PC boards, fully
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125

S-100 for Digital Group Systems

This kit offers, at long last, the ability to take advantage of S-100 products within your
existing Digital Group mainframe. Onceinstalled, upto four S-100boards can be used
in addition to the existing boards in the D.G. system. The system includes an

“intelligent" mother board, ribbon cables to link existing D.G. CPU to the DGS-100
board and a power wiring harness. The DGS-100 is designed to fitin the 5-3/4" x 12"
empty areain the standard D.G. cabinet. ltmay seem expensive butthere’salot here!
End your frustration! DGS-100 $295

Send for more details on these products. Get on our mailing list for
information on more soonto be announcedproducts atfactory-direct
prices from BASE 2. Why pay more when you can get the best at

i these prices???
,e i P.O. Box 3548 e Fullerton, Calif. 92634
[ ) : (714) 992-4344

CA residents add 6% tax
MC/BAC accepted ® FOB — U.S. destination
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Listing 1: Simple BASIC simulation of a row queue. Pseudorandom number
generation is done to ensure that the queue simulation works correctly as

described in the text. A sample run of the program is also shown.

104th or -36th location. These integer values
are not within the boundaries of the dimen-
sioning statement. |f the program attempts
to address out of range locations during

1000 DIM &(5) execution of the program, an overflow or
1001 REM underflow condition occurs. Overfiow
1002 REM INITIALIZE QUEUE TO EMPTY STATE occurs when a location greater than that
1003 REM given in the dimensioning statement is
:gég 2332;‘2-:_; 03 addressed. Likewise, underflow occurs when
1030 NEXT Jé a negative subscript is given as an addressing
1031 REM value. .
1032 REM INITIALIZE TAIL TO HEAD OF QUEUE Some BASIC interpreters allow for
1033 REM . addressing location O of an array. If an array
1040 =5 is dimensioned to 100 locations, the actual
1041 REM . -
1042 REN START OF WALV SIWLLATION Loo? i & iy D ek
}8;3 REw FOR J2 = 1 TO 15 able location). .
1051 REM The program listings in this article do not
1052 REM GENERATE A RANDOM NUMBER TO DETERMINE take advantage of this extra available array
1053 REM AN INSERTION WHEN N <= 5 location. The first available location is
}gg; ]};E: A DELETION WHEN N >= 6 always array location 1, and the fast avail-
1060 N=INT C RND C1) % 10 ) + 1 able location is equal to the integer value
1070 PRINT "NUMBER="3 N; given in the dimensioning statement.
1080 IF N<= 5 GOSUB 1170 Let's get back to overflow and underfiow
1050 IF N »>= 6 GOSUB 1240 as these conditions apply to queues. If we
}091 RE.qM D (UG GO assume that our queuing program will not
092 R P. locati b or below those
1093 REM PRINT TAIL POINTER VALUE ;idv(irrfsisn ath:c;ir:?:nsiaor?i\:g statement, over-
i?gg REM PRINT " QUEUE="3 flow and underflow take on a somewhat
1110 FOR J3 = 1 TO S different meaning.
1120 PRINT QCJ3); A queue overflow occurs when the pro-
1130 NEXT J3 gram attempts to insert an item into our
“2? - PRINT * TAIL="3 T queue and the queue is filled to its capacity.
Underflow in a queue structure occurs when
H:g :g‘m END OF MAIN SIMULATION LOOP the program attempts to delete an item from
1150 NEXT J2 the queue but there are no items in the
1160 STOP queue.
1161 REM .
1162 REM I NSERTION ROUTINE Queue Operations
1163 REM ) ) _ )
1164 REM WHEN T = 0 QUEUE IS FULL, I,E, OVERFLOW ftems in an ordinary one-dimensional
1165 REM ELSE, INSERT N AT TAIL AND DECREMENT TAIL array can have many operations performed

$95 MORSE TRANSCEIVER

SEND:

® | to 150 WPM [set from THI0 Vil oM
terminall / : w | w

® 32 character FIFD buffer LE kL
with editing

#® Auto Space on word boundries

COPY:

® 1 to 1560 WPM with
Aute-Byne

# Conlinoously camputes
and displays Copy WFM
® GridiCathode key oolput

® LED Readout [or WPM and
Buffer space remaining

@ Re-keyed Sidetone Owo.
with on-board iFu:m.ln:r
compenaating to

COpY ANy ‘fint styin

SERIAL INTERFACE:

& ARCII (110, 300, 600, 1200)
or Baodot (46, 50, 5 <

MR5-100 CONFIGURATIONS:

® 385 Partial Kit lincludes Microcomputer components
and elroult basrds: less box and analog companentsl

Bee your local denler or
contact XITEX® direct.

® Simplex Hi V Loop ar T?L
eleetrical intorface
® [nterfaces directly with the XITEX®
SCT-10 Video Termion] Beard;
&5® Models 15, 2B, 33, etés
fant Oversons Orders and dealer Inguires welcome

MCiVisa accapted

® 3225 Qomplete Elt lincludes box, power supply,
and all other tomponents)

® 3205 Assembled and testod unit ias shown)
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on them. A program can insert items any-
where within the array, and items can be
removed from any legal location within the
array. Items can be examined and left in
place or moved to any location within an
array.

A queue can have only two operations
performed upon its items. The first of these
allowable operations is the insertion of an
item into the queue. This insertion can be
done only at the tail of the queue. The
second operation allows for deletion. Dele-
tion is done only at the head of the queue.

The Simple Row Queue

The program shown in listing 1 is a simula-
tion of a row queue (see figure 1). The
mechanics of a row queue follow the defini-
tions we have seen so far.

The row queue has its tail at location 1 of
array Q, while its head is at location 5 of
array Q. The choice of these locations for
tail and head is arbitrary. | chose this scheme

TAIL
POINTER
END OF
HEAD QUEVE
4.5 5.0 1.2 3.8 5.1 7.2

Figure 1: Simple row queue. This type of
queue has a stationary “heqd’’ and a moving
“tail.” As data items are deleted from the
head, all of the data items in the queue
are moved toward the head, and the tail
pointer is decremented by 1. As more data
is entered into the queue at the tail, the
location of the tail pointer is incremented
by one location.

Listing 1, continued:

1166 REM
1170
1180
1150
1200
1210
1220
1230
1231
1232
1233
1234
1233
1236
1237
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370 END

RUN

NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=
NUMBER=

REM
REM
REM
REM
REM
REM
REM

IFT=

0 GOTO 1220

PRINT ™ INSERTION"j

T = N
T=T=1

RETURN
PRINT ® OVERFLOW "3
RETURN

DELETION

WHEN T =

ROUTINE

5 QUEUE IS EMPTY,

ELSE, DELETE N AT HEAD OF QUEUE

AND MOVE REMAINING ITEMS TOWARD HEAD
IFT=5 GOTO 1350

PRINT " DELETION "3

T=T+ 1

FOR JA = 5 TO T STEP -1

IF J4 = |1 GOTO 1330

J5 = J4 - |

QCJa) = QCJ5)

NEXT J4A

RETURN

1) = =9

RETURN

PRINT = UNDERFLOW™;

RETURN

7 UNDERFLOW QUEUE==9 =9 =9 =9 =9 TAIL= 5
3 INSERTION QUEUE==9 =9 =9 =9 3 TAIL:= 4
7 DELETION QUEUE==9 =9 =9 =9 =9 TAIL= 5
4 INSERTION QUEUE==9 =9 =9 =9 4 TAIL= 4
1 INSERTION QUEUE==9 =9 =9 1 4 TAIL= 3
3 INSERTION QUEUE==9 =9 3 1 4 TAIlL= 2
2 INSERTION QUEUE==9 2 3 1 4 TAIL:= 1
5 INSERTION QUEUE= 5 2 3 1 4 TAIL= O
2 OVERFLOW QUEUE= 5 2 3 1 4 TAIL= 0
8 DELETION QUEUE==9 5 2 3 1 TAIL= 1
7 DELETION QUEUE==9 =9 5 2 3 TAIL= 2
€ DELETION QUEUE==9 =9 =9 5 2 TAIL= 3
3 INSERTION QUEUE==9 =9 3 5 2 TAIL:= 2
4 INSERTION QUEUE==9 4 3 5 2 TAIl=1
9 DELETION QUEUE==9 =9 4 3 5 TAIL= 2

1.E., UNDERFLOW

Circle 401 on inguiry card.
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HEAD POINTER

TAIL POINTER

(o)

HEAD POINTER

) TAIL POINTER

(b

TAIL POINTER

HEAD POINTER

(c)

Figure 2: Circular queue in three states of use. Figure 2a is an empty queue, in which the head pointer and the tail pointer
point to the same location in the queue. Figure 2b shows a partially filled circular queue. The tail pointer moves ahead of the
head pointer as data ftems are added to the queue. As an item is deleted, the head pointer moves towards the tail pointer.
Figure 2c shows a full queue. In this state the tail pointer has caught up with the head pointer. Note that one location in the
queue will be left empty. If this were not done, the next item added to the queue would make the head and tail pointers point

to the same location, which would seem to indicate that the queue was empty.
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because it is easier to output the queue dur-
ing cxecution of the program in a normal
left-to-right reading fashion.

The head (service facility area) of the
queue of listing 1 is always at location Q(5).
The tail of the queue (the location in the
queue where items will be inserted) moves
from location 5 toward location 0 of array Q
as items are inserted into the queue. When
items are deleted, the tail of the queue
moves from its present value toward loca-
tion 5.

The tail of the row queue is indicated by
a tail pointer (variable T). When T is 5 the
queue is empty: that is, there are no items in
the queue. When T is O the queue is filled
to its capacity and no insertions can be made
without causing an overflow condition.

To simulate the action of a queue proper-
ly, listing 1 generates pseudorandom numbers
to determine queue insertion or deletion.
The importance of randomness in proper
queue operation is explained later.

Before you execute the program in list-
ing 1, run through its operations with pencil
and paper. This approach will show you how
the program will run before the actual
operation is simulated by the computer.
This method will also clarify the mechanics
of a simple row queue operation.

The Circular Queue

A major disadvantage of our simple row

queue is the fact that items must be moved
toward the head of the queue after each
deletion. [Editor’s Note: This is not true for
all implementations of a row queue. Often,
the pointers indicating the head and tail of
the row queue are moved instead of all the
data inside the queue. . . .RGAC/] The loop
in line numbers 1370 through 1400 of list-
ing 1 accomplishes this move. If we’re trying
to represent a queue simulation in a com-
puter program, why not use some program-
ming techniques to take advantage of
decreasing execution time and thereby elimi-
nate some of the unwieldy code?

The circular queue, figure 2, is also repre-
sented as a special purpose one-dimensional
array. The simple row queue has a pointer
to keep track of the location where the next
item insertion was to take place. The circular
queue also has this tail pointer.

The difference between the row and
circular queue lies in the addition of another
pointer to indicate the location of the head
of the queue. The simple row queue always
has its head at the last available location of
the array Q. The circular queue structure
can have its head anywhere within the queue.

Circular Queue Representation

The circular queue operates in the same
manner as the simple row queue. Items are
still inserted into the location given as the
tail point location of array Q.
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9600 BAUD CASSETTE RECORDER

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART — no clocking
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or
computer and gives back the same signals. No audio interface is used. Motor start/stop is
manual or through TTL or RS232 signals.

Tape speeds are 1.6" / 3.0" and 6.0" per second. 110 volt, 60 Hz, 5 watts. (220 Volts on
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes.

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800,
8080 or Z80 software for file or record searching available on request with order. Used by
major computer manufacturers, Bell Telephone and U.S. Government for program reloading

$200.00 (4800 Baud) and field servicing.
$220.00 (9600 Baud and 220V/50 Hz) AVAILABILITY — Off the shelf.

PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B).

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 1/0
(RS232, 20 mA or TTL) and the data cartridge I/O, plus the motor controlling parallel [/O
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal,
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has
the search routines to locate files and records by means of six, five, and four letter strings.
Just type in the file name and the recorder and software do the rest. Can be used in the
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces
and software.

This is Revision 8 of this controller. This version features 2708 type EPROM’s so that
you can write your own software or relocate it as desired. One 2708 preprogrammed is
supplied with the board. A socket is available for the second ROM allowing up to a full 2K
of monitor programs.

Fits all S100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock from bus.
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are

TTL or RS232 level. 2510 (R) CONTROLLER

AVAILABILITY — Off the shelf. $190.00, Tested & Assmb.
W\ = DOUBLE DENSITY FLOPPY DISK CONTROLLER
[ ]
ﬁe A new floppy controller for 5’’ and 8" drives utilizing the new 1791 chip to provide single or double density recording.
Flip the switch to use one or the other mode. Can load memory from single density and re-record it double density on the

same drive so you can transfer or re-record your programs and files. Comes with new format program for double density
on disk to replace your old single density format program. (Soft Sector IBM format). $320.00 assembled and tested.

CP/M® is now available, rewritten as necessary to utilize it with the double density disk controller card above. $100.00
with manuals, $70.00 without manuals. CBASIC and other software can be supplied by our dealers, in double density form.

SWTP Disk drive owners, you can now use your drive with CP/M®and our Z80 board below. All CP/M®compatible pro-
grams will run in your altered SWTP.

Tape Software—We can now supply XITAN Z80 software in KC Standard or CC-9 formats.

Z 80 BOARD for SWTP COMPUTER

Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re-
places your MPU board with a Z80 and ROM so that you are up and running with your
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG and enables
you to use XITAN Z80 software which we can supply.

$190.00, Tested & Assmb.

AVAILABILITY — Off the shelf.

For U.P.S. delivery, add $3.00. Overseas and air shipments charges collect, N.J. Residents add 5% Sales Tax. WRITE or CALL for further
information. Phone Orders on Master Charge and BankAmericard accepted.

National Masltiplex Coporation
{ e 3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 (wwe-
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Listing 2: BASIC listing for a circular queue simulation. Lines 1900 through
2100 are the insertion routine; lines 2110 through 2270 are the deletion

routine. A sample run of the program is shown at the end of the listing.
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1000
1001
1002
1003
1010
1020
1030
1031
1032
1033
1034
1040
1050
1051
1052
1053
1069
1061
1062
1063
1064
1065
1070
1080
1090
1091
1052
1093
1094
1100
1110
1120
1130
1131
1132
1133
1140
1150

1151
1152
1153
1154
1155
1500
1910
1920
1930
1931
1932
1933
1534
1940
1950
1960
1970
1971
1972
1973
1980
1990
1991
1992
1993
2000
2010
2020

REM
REM
REM

REM

REM
REM

REM
REM

REN
REM
REM
REM
REM

REM

REM
REM

REM
REM
REM

REM
REM
REM
REM
REM

REM
REM
REM
REM

REN
REM
REM
REM

REM

DIM Q(5)

INITIALIZE QUEUE TO EMPTY STATE
FOR J2 =1 T0S5

QJ2) = =9

NEXT J2

INITIALIZE HEAD AND TAIL POINTERS
TO HEAD OF QUEUE LOCATION

H=5

T=5

START OF MAIN SIMULATION LOOP
FOR J3 = 1 TO 10

GENERATE A RANDOM NUMBER TO DETERMINE
AN INSERTION WHEN N <= 5
A DELETION WHEN N »= 6

N = INT ¢ RND (1) * 10 ) + 1
IF N <= 5 GOSUB 1900
IF N »>= 6 GOSUB 2110

PRINT QUEUE CONTENTS
PRINT TAIL AND HEAD POINTER VALUES

FOR JA = 1 TO 5

PRINT QCJA)3

NEXT JA :
PRINT " TAIL AT"; T3 " HEAD AT"; H

END OF MAIN SIMULATION LOOP

NEXT J3
sTOP

INSERTION ROUTINE

CHECK TAIL AND HEAD POINTER VALUES

IF H= T GOTO 1970
IF H < T GOTO 2030
IF T »= 1 GOTO 2030
IF H=5 GOTO 2080

INSERT ITEM AT Q(H)
SINCE QUEUE IS EMPTY

Q(5) = N
= 4
GOTO 2050
IF T <> 0 GOTO 2000

RESET POINTERS TO HEAD OF QUEUE

5
5

H
T

CHECK IF a(T) EMPTY FOR POSSIBLE INSERT

IF () <> -9 G0T02080
H=35
T=93

Listing 2 continued on page 140.
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The major difference is in the way which
the program controls the head location of
the queue. A new variable called H (for head
pointer) points to the array location which
holds the item ready for deletion.

An item is inserted into the queue at the
location pointed to by the tail pointer. After
this insertion, the pointer is moved by one
location in readiness for another insertion.
When an item is deleted, the head pointer
comes into play. [n the simple row queue,
the head is always at the last available loca-
tion. In the circular queue, the head of the
queue is defined by the value of the head
pointer variable H. After an item is deleted,
the head pointer is moved one location
toward the value of the tail pointer. In this
structure, data items remain stationary; only
the pointersvary, indicating relative positions
of the tail and the head of the queue.

This queue structure is clearly advan-
tageous when we're dealing with long
queues. If a row queue is filled to its capac-
ity and an item is deleted, every remaining
item has to be moved one at a time toward
the stationary head of the row queue. The
circular queue moves the head pointer by
only one location, thereby cutting program
execution time.

The tradeoff is time versus space. The
circular queue program is longer than the
simple row queue; however, the time to
execute the circular queue routine is shorter
since the majority of code execution in the
simple row queue is during the moving of
the items after a delete operation.

In the circular queue, the tail pointer
chases the head pointer during insertions.
During deletions, the head pointer chases
the tail pointer.

When the circular queue is filled to
capacity, the head and tail pointers are at
adjacent locations. No more items may be
inserted simply because there is no more
available space to fit an item into the queue.
An overflow condition occurs if an insertion
is attempted on a filled queue.

An underflow occurs when the queue is
empty and a deletion is attempted. An
empty circular queue is one in which the tail
and the head pointers are at the same loca-
tion in the array Q.

The program given in listing 2 simulates
a circular queue. Again, a pencil and paper
method of initial execution may prove help-
ful. After the mechanics of this structure are
understood, then execute the program.

This completes our discussion of two
different types of queues and their repre-
sentation in a computer. In part 2 we will
consider queues in the world around us
and fit them into the structures already
developed.



** your BASIC soltware magazine''

IF YOU HAVEN'T SUBSCRIBED TO
SOFTSIDE, YOU MISSED:

OCTOBER Cribbage, State Capital Quiz, Death
Star, Pillbox, Calculator

NOVEMBER End Zone, Troll's Gold, Shopping
List, Level | to Level i1, Octal to Hex Conversion

DECEMBER Santa Paravia, Mortgage Calculation,
Six Million Doltar (/10K) Clock, Spelling Bee,
Biorhythms

JANUARY ‘Round the Horn, Kiddy Siot, Writing
Gpod Computer Games-Part |, Ten Pin Bowling,
Software products oriented to High Speed Graphics, Comput-A-Sketch

tour levels of TRS-80 supported systems — FEBRUARY Form 1040. Writin
; g Good Computer
ALL SYSTEMS UPWARD COMPATIBLE Games-Part Il, Concentration, Elements Quiz,

Cribbage Update 12 issues — $15.00

SYSTEM-S $99.95 Softside Subscripti
A stand-alone 16K Level || with one cassette tape HOW MUCH LONGER oftside Subscriptions
CAN THIS GO ON? Box 68 Milford, NH 03055
SYSTEM-| $249.95 603-673-5144
A 32K Level Il with DOS, optional printer

(CRT oriented) and one disk . ’ i m - | .
dolt> IQ€. Cassettes

SYSTEM-II $499.95
A 32K Level H with DOS, line printer and two disks
Each month brings you a new issue of SoftSide
SYSTEM -1l Write for full particulars PLUS the prerecorded cassette version of that
A 48K Level Il with DOS, line printer and two-plus disks month’s feature programs, ready to run. That's
all included in your six month membership for

einventory eMailing - names and addresses onalydi?%?gp[;re:g]ty prggranis toronty abouf

*Accounts Receivable eOrder Processing elInvoicing
*Accounts Payable eGeneral Ledger <Fixed Assets / A SEND IN YOUR ORDER TODAY. —
*Profit & Loss Statements eWord Processing [m LEAVE THE CODING TO US!
el abor Scheduling eSales Analysis/Statistics )
ePatient Billing <And MORE... VISA SoftSide Cassettes
ssmmms PO Box 68 Miltord, NH 03055

A PLAN — not a package . 603-673-5144
[ ] 17 Briar Cliff Dr. Milford, NH
603-673-5284 NEW

Level 2 Sampler

Adventure D 32K  $24.95 End Zone 16K* $7.95
Pork Barrel 16K $9.95 Inventoryl D 32K  $59.95
’Round the Horn 16K $9.95 Accts. Rec. D 16K  $59.95
Star Trek I11.3 16K $14.95 Payrolll D 32K $59.95
X-Wing Fighter 16K $7.95 Mail Listl D 16K $19.95 . :
Ten Pin 16K $7.95 MailListll D 32K  $99.95 Dedicated to the serious programmer, from
Slalom 16K $7.95 Appt. Log 16K $9.95 enthusiastic hobbyist to professional
Cribbage 16K* $7.95 Ham Radio 16K $9.95
Sargon 16K $19.95 'F;enumbler D 4-48K $§5.00 PREMIER EDITION FEATURES
Backgammon 16K $7.95 ersonal Finance 16K $9.95 Inkey Routines by Lance Micklus

W ‘
Inventory Il D 32K $150.00 Tarot 16K $9.95 Simple SIMON-monitor / disassembler

*Also available in Level | written in BASIC
Tn‘.oo D = Disk Variables in Level ll-how to determine
which variables have been used

[gj I, ‘°ftw“‘¢ Exch“ngc Subscriptions: 4 issues, $10.00
E—

SEND FOR OUR COMPLETE CATALOG TODAY! PO Box 68 Milford, NH 03055
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Listing 2, continued:

2021 REM
2022 REM NORMAL TAIL INSERTION
2023 REM
2030 QT = N
2040 ;Rill; -1
2050 .-
The PERKIN-ELMER BANTAM 2060 PRINT "ARRIVAL®
p _ 2070 RETURN
2080 PRINT = *
/Vé\ll 2090  PRINT "OVERFLOW"
w 2100 RETURN
2101 REM
; 2102 REM DELETION ROUTINE
L 2103 REM
$799.00 2104 REM CHECK POINTER VALUES FOR POSSIBLE DELETE
2105 REM
A|.| the Features of the 5110 IF H = T 6OTO 2150
Hazeltine 1400 & LS| ADM-3A 2120 IFH >0 G0TO 2190
Plus 2130 H=5
Upper/Lower Case Tab Function 2140 GOTO 2180
7 x 10 Char. Matrix Backspace Key 2150 IF H <> 0 GOTO 2180
White or Black Char. Shiftlock Key 2160 H=5
Transparent Mode Print Key ) 2170 T=35
Intgg;ated Numeric 2171 REM

2172 REM DELETE FROM QC(H) IF Q(H) HAS AN ITEM

Aea, 2173 REM ELSE, QUEUE IS EMPTY, I.E. UNDERFLOW
$4161 per month /7 l",‘ 2174 REM ’
Lease-Purchase 2180 IF QCH) = =9 GOTO 2240

2190 QCH) = =9
gzoo o H= H-1
201 R
$1095.00 2202 REM RESET POINTERS FOR NEXT DELETE
2203 REM
TELETYPE 2210 IF H <> 0 GOTO 2260
MODEL 43 2220 H=5
KSR with RS232 2230 RETURN
10 or 30 CHAR/SEC 2240 PRINT = *
132 COLUMNS 2250 PRINT " UNDERFLOW"
UPPER/LOWER CASE 2260 RETURN
2270 END
USR-310
Originate RUN
$ Acoustic ARRIVA
149.00 Coupler RRI VAL
0-300 Baud Stand Alone =9 =9 =9 =9 3 TAIL AT 4 HEAD AT 5
Crystal Controlled RS232
ARRIVAL
USR-330 -9 =9 =9 2 3 TAIL AT 3 HEAD AT 5
Originate
Auto-Answer
ARRISAL, o 3 TAIL AT 2 HEAD AT 5

$324.00 Modem

FCC Certified for Direct Connection =9 =9 4 2 =9 TAIL AT 2 HEAD AT 4
to Phone Lines

USR-320 Auto-Answer

ARRI VAL
Only Modem  $299.00 -9 5 4 2 =9 TAIL AT | HEAD AT 4
All Units include a 120 day warranty
Optionz’;l' M'a?rfl:n:nace packz!g‘g arv'aiTabIe. ARRIVAL

Any Product may be returned 3 5 4 2 -9 TAIL AT O HEAD AT 4
within 10 days for a full refund. ARRI VAL

A T AT
U.S. ROBOTICS, INC. 3 5 4 2 | TAIL AT 4 HEAD 4
1035 W. LAKE ST. OVERFLOW

CHICARD,; ILL. aOsO7T
3 5 4 -9 |1 TAIL AT 4 HEAD AT 3
Sales (312) 733-0497 ACRROTL
General Offices (312) 733-0498

Service (312) 733-0499 3 5 4 3 1 TAIL AT 3 HEAD AT 3 &
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\ _ -FULLFUNCTION
&% the e cianne $100 1/0 BOARD

$189 “unkit”, $249 assembled

Our new VO board gives you unparalleled flexibility and operating convenience . . . the specs speak for themselves:

2 ind dently addressable serial ports dip switch selectable addresses

Real LS| hardware UARTS for minimum CPU housekeeping

RS232C, current loop (20 mA), and TTL and signals on both ports

Precision, crystal-controlled baud rates up to 19.2 KBaud (individually dip switch selectable)
Transmit and receive interrupts on both channels, jumperable to any vectored interrupt line
Industry standard RS232 level converters with five R$232 handshaking lines per port

Optically isolated current loop with provisions for both on-board, and off-board, current sources
UART parameters, interrupt enables, and RS232 handshaking lines are software programmable,
withpower-on hardware default to customer-specified hard-wired settings for maximum flexibility
Port connectors mate directly to ribbon cable and DB25 connectors in standard pinouts

RS232 lines will conform to either master or slave configurations

Board gives full feature operation with both 2 and 4 MHz systems

Low power consumption: +8V @ 450 mA max (350 mA typ); +16V @ 150 mA max (70 mA typ);
—16V @ 70 mA max (55 mA typ) >
No software initialization required for board operation, although board parameters may be altered
by software

Amazingly enough, all these features won't cost you more than other types of I/O boards that do a whole lot less.
Visit your local computer store and see one in person, or order direct from us.

‘@‘%o'ﬁodbout's got S-100 Bank Select !

We're happy to announce a new family of S-100 Econoram™ boards, each with two independently selectable banks — perfect for Alpha
Micro Systems, Marinchip, and similarly structured machines. Low power, 4 MHz operation, and of course . . . completely static operation.

Name Storage Buss Addressable on Design Unkit Assm CsC

Econoram XII™-16 16K X 8  S-100 8K boundaries static $369 $419 $519
Econoram XIlI™-24 24K X 8 S-100 8K boundaries static $479 $539 $649
Econoram XII™ 32KX 8 S-100 16K boundaries static $629 $699 $849

lease note: CompuKit™ from Godbout boards are generally available in 3 forms: unkit (sockets, bypass caps pre-soldered
in place for easy assembly); assembled and tested; or qualified under the Certified System Component (CSC) program {200
hour burn-in, guaranteed 4 MHz operation over the full commercial temperature range, and immediate replacement in event ,

of failure within 1 year of invoice date).
SEEEEEEERUREEEEEEN IR RCERRERNAERERRUEEEPNENERERERENAES

... AND WE STILL LEAD THE MEMORY PACK IN PRICE, SELECTION, AND BUSS SUPPORT:

Name Storage Buss Design Speed Configuration Unkit Assm CsC
ECONORAM I™ 8K X8 $-100 static 2 MHz dual 4K $139  $159 N/A
ECONORAM IV™ 16K X 8 $-100 static 4 MHz single 16K $295 $329 $429
ECONORAM VI™ 12K X 8 H8 static 2 MHz 1-8K, 1-4K $200 $270 N/A
ECONORAM vII™ 24K X 8 $-100 static 4 MHz 2-4K, 2-8K $445  $485 $605
ECONORAM IX™ 32Kk X8 Dig Grp  static 4 MHz  2-4K, 1-8K, 1-16K $649 N/A N/A
ECONORAM X™ 32K X 8 $-100 static 4 MHz 2-8K, 1-16K $599 $649 $789
ECONORAM X1™ 32K X 8 SBC static 4 MHz 2-8K, 1-16K N/A N/A  $1050

TRS-80 CONVERSION I:,.f el e ey

select — the easy, efficient way, without heavy

KIT $109 (3/$320) L e e

management do the work, so you don’t have
Our kit is warranted for 1 year, comes complete with dip shunts, and uses to waste a bunch of IO space. . .just what
250 ns access time chips for operation at 4 MHz. Upgrades 4K TRS-80 to 16K, 47 you've needed for those BIG memory systems.
or populates Memory Expansion Module (our easy-to-follow instructions show ¥ Also, look for our new high-speed
you how); also expands memory in APPLE and Exidy Sorcerer computers. motherboard in the months ahead.

******
A dr kW W
% dr ok ok ok ok kK

TERMS: Allow 5% shipping, excess
refunded. Cal res add tax.

e _T™
VISA® /Mastercharge® call our 24 hour
order desk at at (415) 562-0636. COD OK om u l from
with street address for UPS (UPS COD

charge applies). Prices good through cover

month of magazine. BOX 2355, OAKLAND AIRPORT, CA 94614
HOT-OFF-THE-PRESSES-CATALOGUE: Our new catalogue is something you need if you're into electronics. Parts, kits, computers,
electronic music, specials . . . it’s really packed, and it’s free. Just send us your name and address, we'll take care of the rest.
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PROUDLY ANNOUNCES THE NEWEST
PET MICROCOMPUTERS BY COMMODORE!

The PET™ is now a truly sophisticated
Business System with the
announcement of these Peripherals.

T e ’

NEECO

PET 2001 — 32K

NS from loggng
' = .

1 pr
we dental

PRODUCT

PET 2001—8K*
PET 2001—16K
PET 2001 —32K'"
PET 2021 PRINTER
PET 2022 PRINTER
PET 2023

DESCRIPTION

8K RAM
16K RAM
32K RAM
ELECTROSTATIC
TRACTOR/ROLL
ROLL FEED
PET 2040 MINI-FLOPPY
PET C2N 2nd CASSEETTE $ 100 IMMEDIATE
NEW PET USER MANUAL $ 10 IMMEDIATE

* THESE UNITS INCLUDE THE C2N CASSETTE AND SMALL KEYBOARD. THE FULL SIZE
KEYBOARDS MAY NOT BE AVAILABLE UNTIL THIS SUMMER.

NEECO IS NOW ACCEPTING $25 DEPOSITS ON THE SYSTEM COMPO-
NENTS OF YOUR CHOICE! PURCHASE ORDERS ARE ACCEPTED IN
LIEUOF DEPOSITS. NEECO IS A FULL COSTOMER SERVICE ORIENTED

AVAILABILITY

IMMEDIATE

MAY-JUNE

IMMEDIATE
JULY-AUGUST
JULY-AUGUST
JULY-AUGUST
JULY-AUGUST

PRICE

$ 795
$ 995
$1195
$ 550
$ 995
$ 850
$1095

2040

Dual Drive Floppy Disk

The Dual Drive Floppy is Ihe latest in Disk technotogy
with extremely large storage Capability and excellent file
management. As the Commodore disk is an “Intelligent’
peripheral. it uses none of the RAM (user) memory of the
PET™. The Floppy Disk operating system used with the
PET"™ computer enables a program to read or wrile data
in Ihe background while simultaneously ransterring data
over the IEEE to the PET™ The Floppy Disk is a reliable
low cost unit, and is convenient for high speed data
transfer. Due tc the latest technological advances
incorporated in this disk. a total of 360K bytes are avail-
able in Ihe two standard 5% " disks. without the problems
of double tracking or double density. This is achieved by
the use of two microprocessors and fifteen memory 1.C.s
built into he disk unit. Only two connections are neces-
sary — an A/C cord and PET"™ interface cord

NEW ENGLAND AREA SUB-DEALERSHIP INQUIRIES INVITED!

COMPANY. PLEASE CALL FOR ADDITIONAL INFORMATION

B

PET
T P TR L

2022

Tractor Feed Printer

The Tractor Feed Printer is a high specificalion printer
thal can prinl onto paper (multiple copies) ail the PET™
characlers — letters (upper and lower case), numbers
and graphics available in the PET"™. The tractor feed
capability has the advantage of accepling mailing labels.
using standard preprinled forms (customized). cheque
printing for salaries. payables, elc. Again, the only con-
nections required are an A/C cord and PET™ connecling
cord. The PET*™ is programmable. allowing the printer to
formal print for: width, decimal position, ieading and
trailing zero's, left margin juslified. lines per page., elc
Itaccepts B':" paper giving up to four copies. Bidirec-
tional printing enables Increased speed of printing

(¢ commodore

2021 $549°%

ELECTROSTATIC PRINTER

$9995

C2N SECOND CASSETTE

NEECO IS PLEASED TO ANNOUNCE THAT WE ARE MOVING INTO A NEW 9,000 SQUARE FOOT FACILITY IN THE BOSTON
(NEEDHAM, MASS.) AREA. OUR NEW LOCATION WILL ENABLE US TO PROVIDE BETTER CUSTOMER SERVICE VIA OUR NEW
2,800 SQUARE FOOT SHOWROOM, OUR 1200 SQUARE FOOT SERVICE FACILITY, AND OUR SEVEN DIRECT TELEPHONE LINES
(SO YOU WILL NEVER HEAR A BUSY SIGNAL!). WE NOW ARE AUTHORIZED TO SERVICE IN-WARRANTY PETS. SO IF YOU HAVE
A PROBLEM OR A QUESTION CALL NEECO, WHERE OUR COMMODORE PET CUSTOMERS COUNT! FULL BUSINESS SOFTWARE

PROGRAMMING AVAILABLE.

* FEEL FREE TO CALL AND ASK QUESTIONS — ARE YOU ON OUR MAILING LIST?

NEW ENGLAND ELECTRONICS CO., INC.
679 HIGHLAND AVE., NEEDHAM, MASS. 02194
MON.-FRI. 9:30-5:30, SAT. 10-2, EST.

(617) 449-1760.5%2"
(413) 739-9626 455

VISA/IMASTERCHARGE ACCEPTED
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INTRODUCING — THE NEW
DUAL DRIVE MINIFLOPPY FOR PET!

* DUAL MINI FLOPPY DRIVE WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE.
E \ * COMMERCIAL LOADING SPEEDS * 8K LOADS IN 2.6 SECONDS COMPLETE.

NOW WITH
OPTIONAL 400K
(DUAL DENSITY)

* DOS REORGANIZES SPACE AFTER SAVE OR ERASE FOR EFFICIENT STORAGE.

* DISKMON ADDS OVER 20 COMMANDS TO BASIC INCLUDING DISK DATA FILES.

* DISKMON COMMANDS SUPPORT COMMERCIAL PRINTER OFF PARALLEL PORT
SUCH AS CENTRONICS LINE OF PRINTERS (AVAILABLE FROM NEECO)
FULL DISK SOFTWARE SUPPORT * FORTRAN & PLM COMPILERS *

* 90 DAY MANUFACTURER’S WARRANTY ON HARDWARE * READY TO USE ON
DELIVERY. FULL MANUAL AND UTILITY DISKETTE INCLUDED.

* CALL OR WRITE FOR COMPLETE INFORMATION ON THE DISKDRIVER".

* THIS SYSTEM REQUIRES EXPANDAPET MEMORY (MINIMUM 16K)

DKH642 — DUAL DRIVE SYSTEM, COMPLETE WITH DISKMON

ASM789D — PET ASSEMBLER ON DISKETTE WITH MANUAL. ......
*LNK456 — AUTOLINK LINKING LOADER ON DISKETTE WITH MANUAL .
“PLM400 — COMPILERON DISKETTE (AVAILABLE APRIL/MAY) . . $49.95

FOR300 — FORTRAN COMPILER ON DISKETTE (AVAILABLE APRIL/MAY). .. $69.95

DKL0O67 — DISKMON ASSEMBLER LISTING/DOS . $19.95

DATA100 — COMPLETE DATA BASE SYSTEM (PRICE APPROXIMATE]). . $400.00

BASCOMP — BASIC COMPILER ON DISKETTE (AVAILABLE MAY)

NGP200 — 20 GAMES ON DISKETTES ...... -

BKGAM — BACKGAMMON ON DISKETTE

MICRO — MICROCHESS ON DISKETTE.

CEN779(1} — CENTRONICS 779-1, ROLL FEED DOT MATRIX

COMMERCIAL PRINTER . $1245.00
CEN779(2) —SAMEAS779(1)BUTWITH TRACTOR FEED — PLUG INTO PET.... $1345.00
AX10M —ELECTROSTATICS5.5INCHPRINTERWITHALLOFPET'SGRAPHICS $495.00

NOT BUY FROM THE BE

8K PET NEECO IS A CUSTOMER ORIENTED, FULL SERVICE COMPANY.
# PETS RECEIVE 48 HR. '‘BURNIN' BY NEECO BEFORE SHIPMENT.
24K PET +16k) $1220 « FULL CUSTOMER SERVICE AND FULL PRODUCT SUPPORT.

# 48 HR MAXIMUM *'TURNAROUND' ON PET WARRANTY
32K PET @+24 $ 1320 SERVICE ON PETS PURCHASED FROM NEECO.
ALL PRICES INCLUDE 48 HR. PRE-

FULL PRE-PURCHASE INFO AVAILABLE FROM OUR PET INFO
SHIPMENT TESTING & PACKAGE — WE ANSWER CUSTOMER QUESTIONS!
3 FREE CASSETTE PROGRAMS

AUTOMATIC SOFTWARE/HARDWARE UPDATES VIA OUR PET
OWNERS MAILING LIST — CALUWRITE TO BE LISTED!
PRICES SHOWN ABOVE IN- COMMERCIAL QUANTITIES AVAILABLE.
CLUDE EXPANDAPET. PME WE ALSO MARKET REPLACEMENT RAMS & ROMS, ETC.
MEMORIES WILL HAVE HIGHER
COMMODORE PRICING.

OFF THE SHELF DELIVERIES (NO DEPOSIT REQUIRED).
INTERNAL MEMORY

FULLSIZED TYPEWRITER
EXPANSION FOR PET!
INTERNAL MEMORY

KEYBOARD FOR PET!
EXPANSION UNIT

*MOUNTS EASILY INSIDE YOUR PET
*EASY TO INSTALL (15 MINUTES)
“NO DEGRADATION OF PET SYSTEM
“USES LOW POWER DYNAMIC RAMS
*S0 DAY PART&LABOR, 1 YR-RAMS.
*30 DAY MONEY BACK GUARANTEE.
“MOUNTING SLOTS FOR 4 BOARDS.
“CALL/WRITE FOR ADDITIONAL INFO
*DEALER INQUIRES INVITED.

EXPAMNDAPET PRICES

16K (+8Kk PET = 24x) $425
DEALER INQUIRIES 24K (+axpeT = 3260 $525
INVITED 32K (+8x PET = 20k) $015

OPTIONAL PLUG-IN BOARDS 32K UNIT ALLOWS 8K OF

$1295.00
. $49.95
$49.95

Ly

CUSTOMER ORDERS
ARE NOW BEING
SHIPPED WITHIN
TEN DAYS!!

DKH641 1S A PRODUCT OF COMPUTHINK.

PET COMPUTER

NEECO

NOW OFFERS
A FULL SIX
MONTH
WARRANTY
ONALL
PETS! — AN
ADDITIONAL
3 MONTHS!

" $49.95
$24.95
$24.95

EXPANDAPET™

*COMMERCIAL QUALITY KEYBOARD WITH METAL ENCLOSURE.
*BASIC TYPEWRITER DESIGN FOR TOUCHTYPISTS.

“SINGLE KEY FUNCTIONS FOR ALL CURSOR CONTROLS.
SHIFT/RUN, INSERT, CLEAR SCREEN/HOME CURSOR, MORE.
*FUNCTIONS SIMULTANEOUSLY WITH PET'S KEYBOARD.
*PLUGS DIRECTLY INTO PET'S LOGIC BOARD.

*DOES NOT USE USER OR |EEE-488 PORTS.

*NPK-101 1S FULLY TESTED & READY TO USE.

“ATTACHES DIRECTLY TO FRONT OF PET'S FRAME.

“CAN BE USED AS A REMOTE TERMINAL (SPECIAL ORDER).
*30 DAYS TRIAL PERIOD * 90 DAY WARRANTY.

*CALL OR WRITE FOR FULL SPECS-INITIAL QTY LIMITED.

4K EPROM DAUGHTER BOARD ASSEMBLY LANGUAGE
USING 2716 EPROMS .... $50 SUBROUTINES ACCESSED
VIA THE USR COMMAND.

EXPANDAPET IS A PRODUCT OF COMPUTHINK.

AVAILABLE!

NPK-101 1S A PRODUCT OF NEW ENGLAND ELECTRONICS.

waser $139,9%

WE CANNOTLISTALLOF OUR SOFTWARE AND HARDWARE PRODUCTS
CALLOR WRITE FOR OUR*FREE*SOFTWARE/HARDWARE DIRECTORY
DOMESTIC & OVERSEAS DEALER INQUIRIES INVITED ON * MEMORY * KEYBOARD * FLOPPY

NEECO

Circle 282 on inquiry card.
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Cryptography

S Part 2: Using the Pocket

GE Company
Court St Bidg 4, Rm 38A
Syracuse NY 13221

J field index: 12 3 4 5 6 - - - - - j - - <« - - Nc
Pj (plaintext): MAYUPB 5 o o o ©

encipher
i c— —l

decipher

|
M field index: 12 3 4 5 6 - - - - - m-=-+ - - - - Nc

Cm (ciphertext): E B A E Y E 5 o o o o

Table 8: A transposition mode operation using program Crypto. In this
example the number displayed by the calculator (|.M) is 6.002. When enci-
phering, this means that the character in position 6 of the plaintext is placed
in position 2 of the ciphertext. If this were deciphering, the character in posi-
tion 2 of the ciphertext would be placed in position 6 of the plaintext.

Alphabetical Numerical
Order Order

{1) (2) (3) (4)
A 07 01 F
B 02 02 B
6 26 03 T
D 23 04 L
E 08 05 V4
F 01 06 X
G 09 07 A
H 13 08 E
I 11 09 G
J 15 10 Y
K 20 11 |
L 04 12 Q
M 22 13 H
N 14 14 N
(0] 16 15 J
P 19 16 (0]
Q 12 17 S
R 25 18 W
S 17 19 P
T 03 20 K
u 21 21 u
\% 24 22 M
W 18 23 D
X 06 24 \%
Y 10 25 R
z 05 26 6

Table 9: Mixed alphabet used in the examples. Column 2 was derived from
program Crypto using values of A: 0.5, 1.625, 3.725, 26 and R/S:0.
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As mentioned in part 1 of this article
(March 1979 BYTE, page 56), a field cipher
is a technique for encoding plaintext so that
it can be easily decoded with pencil and
paper (or calculator) in the field, so to speak.
The calculator program of listing 1 when
used with the procedures described offers
the user an effective field cipher capability.
Unlike most field cipher machines, which
perform substitution only, the program
Crypto (listing 1) offers both transposition
and substitution. The transposition opera-
tion is mandatory and provides the main
strength of the cipher. Substitution may be
added for further protection if desired. The
basic principles of operation are first de-
scribed, including detailed instructions for
usage. Following this, a discussion of pro-
gram organization is given.

Since Crypto performs both transposition
and (optionally) substitution, a transposition
table and substitution key are involved in
the processing of each character. It is con-
venient to define a few terms:

Na — alphabet size (no practical
limit);

Nc — number of characters in mes-
sage (300 maximum);

J  — plaintext character position
(1,2,..., Nc);

M — ciphertext character position
(1,2, ..., Nc);

P — plaintext character

_ (A,B,C,...);

P — plaintext character value;

C — ciphertext character

(A,B,C,...);

ciphertext character value;

— key value used in substitution
process.

A Ol
|

The program uses a random number gen-
erator which must be initialized with aseed,
RO, and two parameters, A1 and A2. These
three numbers plus the character count are
entered into the stack, after which A is
depressed. One more number completes the
entry, after which R/S is depressed. The



Location Keys

(CtBeLA) (fcLreG) ( ¢tpss ) ((st03 ) ( sT04 ) ( hRI )
07 (st02 ) (ChRE) (Cst01 ) (hre ) (st00 ) ( STOA)

[ ] [ ] j
in the Field
13 (C ris ) (Cnero ) (Cix<o2 ) (Chsro ) (hass ) (stoc )

19 Cherr ) (Cix=02) sk ) (CFix ) (2 ) (entt)
CaICUIatOr 25 C2 ) C 9 Chy ) (smoe) (v ) (sr08)

31 Caetr) C s ) C o ) (stos ) (fBs) (_RrCL4)
37 CiesBe ) (st09) C 3 ) C_ o ) (Cso8) C =)

o
prs

demonstration numerical key is: RO = 0.5; 43 Nt ) Csto7 ) C v ) (9 ) (C = ) (CeHs)
A1 =1.625;and A2 =3.125. 49 st ) Crea) (res ) C - ) (Cres ) (Crez)
Transposition Only Mode 55 Cx ) C =+ C 2 ) Chsy) (v ) (Cstor)
The character manipulations for trans- &1 Crawi) (xsv) (= ) (efRac) (- ) (3 )
position only are illustrated in table 8. 67 Cao>v?) Coeroa) (1 ) (sto5 ) (Rews ) ((fx#07)
The top two rows, an index row and a
plaintext character row, are concerned U (Ceros ) (fLz) (_rews ) (fesBe ) ((st09 ) (1 )
with plaintext. The bottom two rows are 79 (9 ) (Chnsti) (Creeliy) (sto8 ) (reLe ) ( st07 )
ciphertext index and ciphertext. Each time
Crypto is cycled, a pair of integers is dis- 85 (ses ) (Rres ) (Ret7 ) (Ceov? ) ((6Tos ) ((sT08 )
played in the format: 91 (e ) (1 ) (R ) (Cex=v?) (G6107) (2 )
.M 97 (sto:7) (603 ) (feL7 ) ( sz ) (Rreriy) (sto8)
103 (CReLe ) (st07 ) ( Gro3) (fBLe ) ( RrReLd ) ((#x=07)

and are interpreted in the enciphering opera-
tion as “plaintext character from position ) 109 (oo ) (C v ) (st09) (Gro9 ) (CfBa) C 2 )
goes lo.C|phcrtexl position M.” Number ] is 15 Gsro7) (i) (re) Groa) (2D C o)
simply indexed every cycle (1, 2, ..., Nc).
Crypto produces the M values randomiy in 121 Coret ) (C == D) (C 3 ) Co ) (C x ) (Cpre)
the range 1 to Nc with no repetitions (trans- 127 (D) (O D) (CO CO

position table). For the cycie illustrated in

table 8, the display shows 6.002, which 133 C+ YCmnt) C =) Cex) C3HC =

requires that the B from ] = 6 be rmoved to

M = 2. By this means the plaintext characters 139 (ree ) (+ ) (stos) (oses ) (Crs ) (Chenn )
are reordered in a random fashion to form
the ciphertext. Listing 1 continued on page 152.
The deciphering operation works in an
obviously reverse fashion. The displayed Entries: Listing 1: Crypto program written for
J.M is read as ‘‘ciphertext character at posi- A} A0, A1, A2, Nc the HP 67. This program performs
tion M goes to plaintext position J.”’ Thus R/S: Na : : :
o bleg8 . 002” 9 pto " J 3 Na=0 transposition only. encryption and decryption functions
e S5 wielle] (UL W8 L= Ui Na#0 transposition and substitution by transposition and substitution as
cuphgrlcxg position 2 to the correct plaintext i':'\; gzg:s:::: described in the text. The value of Nc
(oSNl 2, must be less than or equal to 300
. . Registers: and the value of Na must not exceed
Mixed Alphabet Generation 0 Rj 999. Flag FO has two states: true for
. o . 1 A1 decipher and false for encipher mode.
If the optional substitution opcration is 2 A2 Flag F1 is true when only trans-
to be added to the transposition opecration, 3 Ec AT Gl [ ) o)
numerical equivalence for cach character of 5 utility when the dual transposition and sub-
the aiphabet must be establlshcd‘. In the dis- 6 J stitution mode is used. Flag F2 is used
cussion which followed the Vigenere Tableau 7 utility - : :
8 tilit in the random number generation
method (March 1979 BYTE, page 57, table 5 o loop 4
3), an ordered alphabet was used in which $0-s9 ll\q/l-f_ield bit storage ’
the numerical values ran, in order, from Q ngt’used
0 to onc less than the alphabet size (Na—1). c Na
in the work which follows, two changes are g g%used

made. The numerical equivalents arc moved
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to the range of 1 to the alphabet size for
user convenience only. Secondly, a mixed
alphabet is recommended, such as that
shown in table 9. This type of alphabet is
no harder to use and offers an increase in
security over the ordered alphabet.
Generation of such an alphabet is trivial.
Columns 1 and 3 are prepared first. Program
Crypto is then run in the transposition only
mode with a character count equal to the al-
phabet size. The M values generated are cop-
ied into column 2; the J index corresponds to
column 3. The data thus formed in columns
1 and 2 permits column 4 to be filled in.
Table 9 allows convenient alphabetic-to-
numeric conversions (columns 1,2) and
numeric-to-alphabetic (columns 3 4).

Dual Mode Operation

Table 10 illustrates the situation in which
substitution is done in addition to trans-
position. Note that a plaintext numerical
value row has been added to the plaintext
section and a ciphertext numerical value row
has been inserted into the ciphertext section.
The Pj row is filled by use of columns 1 and

J field index: 1 2 3 4 5 6 7 eea-- joee--- Nc¢
Pj {plaintext): S A L E P R I “a-

Pj (plaintextvalue): 17 07 04 08 19 25 11

encipher I Y

J

Cm = Pj+Kj(MOD Na), encipher

Pi = Cm — Kj(MOD Na), decipher
decipher
M field index: 1 2 3 4 5 6 7 e m----- Nc¢

Cm (ciphertextvalue): 09 24 22 20 17 23 05  ~----

Cm (ciphertext): G VvV M K S D 2
Table 10: An example of the dual mode operation of program Crypto, which
performs transposition and substitution. To encipher the example shown, the
calculator first displays a |.M number. In this case it is 7.002. The user then
enters the plaintext value (Pj) or 11. The calculator then displays 7.002024 in
the form |.M Cm. This values means that the character which was in the
seventh position of the plaintext is moved to the second position of the
cipher text and given a value of 24. The value 24 is then given the alphabetic
equivalent or V. When deciphering, the calculator again displays a value in
the form [.M. Again it will be 7.002. The user then enters the value of the
ciphertext (Cm), which is in position 2. This number happens to be 24, the
value_of the letter V. The calculator then displays a number in the form of
J.M Pj, or 7.002011 for the example. This instructs the user to transfer the
number that was in position 2 to position 7 and give it a value of 11. This
value is converted into the equivalent alphabetic or /.

Either of these processes is repeated for the entire plaintext or codetext
until the entire message is decoded or encoded.
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2 of table 9. Each Crypto cycle now has two
parts. In the first part the machine halts with
J.M in the display, as before. The user then
enters the plaintext (Pj) value (11 for 1 in
this case) from the plaintext value row and
depresses R/S. The machine will perform the
appropriate addition (modulo Na) and halt
showing:

J.MCm.

For the table 10 example the display would
show:

7.002024.

The user then places 24 in position 2 of the
ciphertext value (Cm) row and depresses R/S
for the next cycle. Columns 3 and 4 of table
9 may be used later to convert the character
values to equivalent characters Cm.

In the deciphering operation one starts
with the ciphertext and obtains the Cm
values from table 9. During the J.M halt in
the Crypto cycle the user enters Cm (24
from position 2 in the 7.002 example) and
depresses R/S. The subtraction operation
(modulo Na) is performed and the result is
shown as: :

J.M Pj;
which would be:
7.002011,

This directs that 11 be placed at position 7
of the Pj row which is thus filled and later
converted to character equivalents to com-
plete the deciphering operation.

In actual usage a single index row may
serve for both ) and M. However, one may
wish to record M of the displayed .M pair
as a record of the transposition operations.

Detailed Instructions and Examples

Tables 11 and 12 give detailed instruc-
tions for the use of Crypto in the transposi-
tion only mode. Tables 13 and 14 give
instructions for operation in the dual (trans-
position and substitution) mode.

These tables contain 10 character exam-
ples using the demonstration message and
demonstration key. The complete demon-
stration message processed by transposition
only (table 11) using the demonstration key,
becomes:

(A: 0.5, 1.625, 3.125, 40 R/S: 0)

EBAEY
| PDEO

ECNTM
RRYPP

Text continued on page 150,
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COMPUTER

NEW:!

24 " s
T USED
only §795 5529

* 14K ROM Operating system
®» BK RAM Memaory
* 9" Video Monitor
® Buill in Keyboard
* Digitally controtied tape
Today's best value in personal compulers. along with the latest
in peripherals. are always in stock at the COMPUTER FACTORY

N E W! PELS8RIFSS

The PET is now a truly sophisticated
Business System with the Floppy
Disk and Printer which makes an
ideal cost efficient business
system for most professional and
specialized fields: medicine,

law, research. engineering,
education, etc.

PET 2001 - KR
16K$995

32K$1195

* 16 or 32K Bytes Dynamic RAM

¢ 14K ROM Operating System

* 9" CRT

* Upper/Lower Case and
Graphlcs

« Full Sized Business Keyboard

« Full Screen Editing

« Operating system will support
multiple Languages {(BASIC
resident)

« Machine Language Monitor

« 8K ROM Expansion Socke(s

$549

PET

8,
\ \ELECTROSTATIC
PRINTER 2021

* 80 column dol matrix
* Full PET graphics
* B inch paper

Bottom and Rear Tractor Feed

PR|N$8ERQS :g?;di';pev :nmn comones
2023 4 : icroprocessor Controlle

112 cps Bi-directional
2022 $995 * 4K AOM ¢ ;K AAM
(Includes

« Upper/Lower Case and Graphlcs
« 7 x 6 Dot Matrix
Tractors) Br=as PET ©
i . MUSIC BOX
Add music and sound
effects to your
programs. Compose,
play, and hear music on
your pet. Completely
self-contained (no
wiring). Free 3
&rograms includin
ars theme, soun
effects, etc. $39.

Star

DUAL DRIVE FLOPPY
DISK 2040 $1095

* 360 K Bytes Storage

# High Speed Data Transfer

* Plugs into IEEE Port

* 6504 Microprocessor

* 8K AOM Operating System

* BK AOM Encoding and
Decoding

* 4K RAM

s Uses Singte or Dual sided
Diskettes

SINGLE DRIVE

COMPUCOLOR |1 Disk-Based Model 3

Advanced hardware and software technology

gives you:

® 13" Color Display

e Advanced Color Graphics

® 51K Disk Built-In

® 16K ROM Opaerating System

® 8K RAM User Memory

® 4K RAM Relresh

* 8080A Microcomputer

* RS-232 110

Every unit comes with an extended DISK-
BASIC that has tull file management capa-
bility resident in the COMPUCOLOR Il in
16K of ROM. Color is fantastic. but COM-
PUCOLOR I has the power to handle com-
plex tasks and small business applications.
An impressive software library supplements
your own creativity.

DataGeneral

micro NOVA

The ultimate in smail business computers
when matched with COMPUTER FAC-
TORY'S microcomputer. Software: Accounts
Receivable/Payable, Inventory Control/
Order Entry. General Ledger, Payroil Sys-

tems from about §13,500

RADIO SHACK ¢ PET ® SORCERER ¢
APPLE e COMPUCOLOR * ETC.

TO ORDER CALL TOLL FREE 800- 223-73 8

BILLINGS MICROSYSTEM
EXPANDABLE TO 2 MEGABYTES

Yeatures:

» 12" CRT only
* 64K RAM

. 280 e2RS-232poris  $3645
® Dual mini floppy = 1 parallel port

BUSINESS SOFTWARE AVAILABLE!

¢ 320K Storage
* Graphics
* 94 Keys

$1495 Complete!
16K Model add $200
32K Model add $500

BUSINESS COMPUTERS

IMSAI

The low cost solution

tor all small business
problems. A wide variety
of soltware is

available for all your needs
PCS series inClude dual floppies. 32K RAM.
170, DOS, BASIC

* PCS-42 (400KB) $2995

* PCS-44 (780KB) $3695

VDP-42 series adds video terminal. key-
board and VIO to above.

* VDP-42 $4795 * VDP-44 $4495

* VDP/80 $6995

The Computer of the
Future is here Now!
PASCAL ™
MICROENGINE

$2995

Western Dlgital's new 16-bft Pascal
Computer System

* 64K bytes {32K words) of RAM

* 2 RS-232 ports

e 2 8-bit parallel ports

s Floppy disk controlier

*® Fioating point hardware

* Memory Mapped 1/0

* Enclosed power supply

APPLE 1l

from

$970

The COMPUTER FACTORY'S extensive CENTRONICS 779 ..$1045
inventory and wide selection of computer AXIOM (Parallel) 395
printers assures you of finding the printer AXIOM (Serial) 495
best suited tor your needs and EXPANOOR (Tractors) 425
specifications The 1ollowing printers work INTEGRAL DATA 795
well with all known persanal computers. QUME or DIABLO .., 3400

FLOPPY UNIT
2041 $595

* Inteihgent mini lioppy
* 171 5K net user stOrage

FRE

Word Processing For PET.
With this program in hand, you can
creata text and add, delete, center,
rocall lines and move text around on
page or between pages. Use sither
PET or terminal keyboard. $45.00

$35 of Softwarewith purchase of any
computer on 1his page

m Min Credit Card visa® |

Order $75 : o

N.Y. residents add 8% sales tax ® Same day

shipment on prepaid and credit card orders
* Add $10 shipping for computers. 83 for
boards. $.25 each casselte tape

TO ORDER CALL TOLL FREE 800-223-7318

The COMPUTER FACTORY

\
\

|
==

Open
Mon.-Fri.
Sat. 10-4

10-6 V\@ »&
N
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485 Lexington Avenue 750 Third Avenue New York, N.Y. 10017
2) 687-5001 (212) PET-2001 Foreign order desk - Te|ex 640055
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NEW! THE ELECTRIC PAINTBRUSH by Ken Anderson for 4K
Level | and |l TRS-80s: Create the most dazzling graphics displays
you have ever seen with a minimum of effort. The Electric
Paintbrush is actually a simple 'language’ in which you can write
‘programs’ directing your paintbrush around the screen—drawing
lines, turning corners, changing white to black, etc. Once defined,
these programs may be called by other programs or repetitively
executed, each time varying the parameters of brush movement.

‘ :L: ‘ T ‘ :‘: ‘ :‘: Do

s t: ann

-
RAR RARAR
RILAHS T

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 Duisman 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

TIME TREK by Brad Templeton with sound effects for 8K PETs is
Personal Software's answer to the proliferation of Star Trek games.
This is a real time action battle game which requires fastthinking as
well as sharp wits. There are no ‘turns’ in Time Trek: your scanners
and ship's status report are constantly updated on the screen, and
you can enter commands as fast as you can press the keys. You use
your shields, phasers and photon torpedoes against enemy
Klingons in a game where you can move, steer and fire at the same
time. Star Trek aficionado or not, you'll appreciate the excitement
and excellence of this real time game......... e .. $14.95

WHERE TO GET IT: Look for the Personal Software™ display rack
at your local computer store. Over 275 dealers now carry the
Personal Software™ line—more than any other brand. If your local
dealer doesn't already carry Personal Software™ products, ask him
to call us at (617) 782-5932. Or you can order direct from us by
check, money order or VISA/Master Charge. If you have questions,
please call us first at (617) 783-0694. If you know what you want
and have your VISA/MC card ready, you can use any telephone to

% DIAL TOLL FREE m.as!evchalge
1-800-325-6400 ==
24 brs  In Missouri dial 1-800-342-6600 7 days

Or you can mail your order to the address below. To add your name
to our mailing list for free literature and announcements of new
products, use the reader service card at the back of this magazine.

Personal Software™

P.O. Box 136-B4, Cambridge, MA 02138

BYTE April 1979

The machine language interpreter executes your programs almost
instantaneously, allowing you to create real-time, animated
graphics displays. The screen photos above are actually
‘snapshots’ of the action of a single one-line program over about
thirty seconds. Mesmerize your friends with visual effects they've
never seen on a TV screen! There's no limit to the variety of exciting
and artistic graphics displays you can create with The Electric
Paintbrush. And it's available now foronly .............. $14.95

4K TRS-80s, in Z-80 machine language, offers 3levels of play (both
Level | and Level Il 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 play against itself! Avaitable
now at a special introductory priceof only.............. $19.95

P>ty

[ orsona onwars
. -"'“"rr'—"' .

STIMULATING
SIM

Circle 302 on inquiry card.



Look for Personal Software™ products at the dealer nearest you!

ALABAMA

BYTE SHOP

Huntswille, AL 35805
COMPUTERLAND

Huntsvilie. AL 35805

THE LOGIC STORE

Opetika. AL 36801

ALASKA

ALPHA ELECTRONICS
Anchorage. AK 99503
ARIZONA

PERSONAL COMPUTER PLACE
Mesa. AZ 85202
COMPUTERLAND OF PHOENIX
Phocnix AZ 85016

COMPUTER SHOWROOM
Tucson. AZ 85710

ARKANSAS

COMPUTERLAND

Litile Rock, AR 72212
DATACOPE

Littie Rock. AR 72204
CALIFORNIA

JAY-KERN ELECTRONICS
Bakersfield. CA 93305

BYTE SHOP

Burbank. CA 91506

BYTE SHOP OF SACRAMENTO
Citrus Heighis. CA 95610
COAST COMPUTER CENTER
Costa Mesa. CA 92627
CAPITOL COMPUTER SYSTEMS
Davis. CA 95616

COMPUTERLAND SAN DIEGO EAST

El Cajon. CA 92020
COMPUTERLAND OF EL CERRITO
E! Cerrito. CA 94530

BUSINESS ENHANCEMENT
COMPUSERVICE

Escondido. CA 92027

CHANNEL DATA SYSTEMS
Goleta, CA 93017

RAINBOW COMPUTING
Granada Hills, CA 91344

JADE COMPUTER PRODUCTS
Hawthorne. CA 90250

BYTE SHOP OF HAYWARD
Mayward. CA 94541
COMPUTERLAND OF HAYWARD
Hayward, CA 94541
COMPUTERLAND OF WEST L.A.
Inglewcod. CA 90302
COMPUTERLAND OF SOUTH BAY
Lawndale. CA 90260

A-VIDD ELECTRONICS

Long Beach. CA 90815
COMPUTERLAND

Los Altos, CA 94022

BYTE SHOP

Mountain View. CA 94040
HOBBY WORLD ELECTRONICS
Northnidge, CA 91324
COMPUTERS-MADE-EASY
Palmdale, CA 93550

BYTE SHOP OF PLACENTIA
Placentia, CA 92670
COMPUTERLAND

San Bernadino, CA 92404
COMPUTERLAND OF SAN DIEGO
San Diego. CA 92111
COMPUTER MERCIHANT

San Diego. CA 92115
COMPUTERLAND OF

SAN FRANCISCO

San Francisco, CA 94105

VIDEO GAMES & COMPUTERS
San Francisco, CA 94118
COMPUTERLAND OF SAN JOSE
San Jose. CA 95129
COMPUTERLAND (Centraty

San Leandro. CA 94577

BYTE SHOP

San Louis Obispo. CA 93401
MARIN COMPUTER CENTER
San Ralael. CA 94903

ADVANCED COMPUTER PRODUCTS

Santa Ana. CA 92705

BYTE SHOP

Santa Clara. CA 95051
COMPUTER FORUM

Santa Fe Springs. CA 90670
THE COMPUTER STORE
Santa Monica. CA 90401
SANTA ROSA COMPUTER CENTER
Santa Rosa. CA 95404

BYTE SHOP

Suisun. CA 94585
COMPUTERS PLUS
Sunnyvale. CA 94087

BYTE SHOP OF TARZANA
Tarzana. CA 91356
COMPUTERLAND OF
THOUSAND OAKS
Thousand Oaks. CA 91360
SMALL SYSTEM SOFTWARE
Thousand Oaks. CA 91360
COMPUTER COMPONENTS
Van N.ays. CA 91411
COMFUTERLAND

Wainut Creek. CA 94598
BYTE SHOP

Wesinunster CA 92683
COMPUTER COMPONENTS OF
ORANGE COUNTY
Westminster CA 92683

Circle 302 on inquiry card.

COLORADO

BYTE SHOP

Boulder. CO 80301
COMPUTERLAND

Colorado Springs. CO 80917
AMPTEC

Denver. CO 80216
COMPUTERLAND

Denver. CO 80222

BYTE SHOP

Englewood. CO 80110
MICRO WORLD ELECTRONIX
Lakewood, CO 80226
CONNECTICUT
COMPUTERLAND OF FAIRFIELD
Fairfield. CT 06430

JRV COMPUTER STORE
Hamden, CT 06518

THE COMPUTER STORE
Hartford, CT 06103

THE COMPUTER STORE
Windsor Locks. CT 06096
WASHINGTON D.C.
COMPUTER CABLEVISION
Washington. D.C. 20007
FLORIDA

COMPUTERLAND

Boca Raton. FL 33432

THE COMPUTER STORE
Bradenton, FL 33505

THE COMPUTER STORE
Clearwater, FL 33516
UCATAN

Destin, FL 32541

BYTE SHOP

Fort Lauderdale, FL 33334
COMPUTERLAND

Fort Lauderdate, FL 33308
COMPUTERS FOR YOU
Fort Lauderdale, FL 33312
DATA MOVERS

Fort Meyers, FL 33901
FOCUS SCIENTIFIC ENTERPRISES
Miami, FL 33132

GRICE ELECTRONICS
Pensacola, FL 32589
COMPUTER AGE

Pompano Beach. FL 33062
PAPERBACK BOOKSMITH
Sarasota. FL 33581

AMF ELECTRONICS
Tampa. FL 33612

MICRO COMPUTER SYSTEMS
Tampa. FL 33609
COMPUTER CENTER OF
PALM BEACHES

West Palm Beach. FL 33409
GEORGIA

ADVANCE COMPUTER TECH
Atlanta. GA 30328
COMPUSHOP

Atlanta. GA 30342
DATAMART

Atlanta. GA 30305

THE LOGIC STORE
Columbus. GA 31906
COMPUTERLAND OF ATLANTA
Smyrna, GA 30080

HAWAI

COMPUTERLAND

Honolutu, HI 96813
MICROCOMPUTER SYSTEMS
Honolulu, HI 96813

RADIO SHACK (Dealer)
Lihue. Ht 96766

IDAHO

NORTHWEST COMPUTER CENTER
Boise. ID 83704

ILLINOIS

COMPUTERLAND OF
ARLINGTON HEIGHTS
Arlington Heights. IL 03904

FARNSWORTH COMPUTER CENTER

Aurora, IL 60505

KAPPEL'S COMPUTER STORE
Belleville. IL 62220
DOW-COM

Carbondale. IL 62901

BYTE SHOP

Champaign. IL 61820

THE ELEKTRIK KEYBOARD
Chicago. IL 60614
EMMANUEL B. GARCIA JR.
AND ASSOCIATES
Chicago. IL 60613
PERSONAL COMPUTER
Chicago. IL 61820
COMPUTERLAND

Downers Grove. iL 60515
COMPUTER STATION
Granite City. iL 62040

ILLINI MICROCOMPUTERS
Naperville. iL 60540
COMPUTERLAND OF NILES
Niles. IL 60648
COMPUTERLAND

Oak Lawn. IL 60453
COMPUTERLAND OF PEORIA
Peonia, IL 61614

WAL LACE ELECTRONICS
Peora. IL 61614

DATA DOMAIN
Schaismburg. IL 60195

INDIANA

DATA DOMAIN OF FORT WAYNE
Fort Wayne. IN 46805

HOME COMPUTER CENTER
Indianapolis. IN 46220

PUBLIC COMPUTING
Lafayette. IN 47904

1OWA

SYNCHRONIZED SYSTEMS
Des Moines. 1A 50310

THE COMPUTER CENTER
Waterloo, |1A 50701

KANSAS

PERSONAL COMPUTER CENTER
Overland Park. KS 66206
COMPUTER SYSTEMS DESIGN
Wichita, KS 67214

LOUISIANA

COMPUTER SHOPPE

Metaire. LA 70002

MARYLAND
COMPUTERLAND

Rockville, MD 20855
COMPUTERS ETC.

Towson, MD 21204
COMPUTERS UNLIMITED
Towson, MD 21204
MASSACHUSETTS

THE COMPUTER STORE
Burlington, MA 01803

THE COMPUTER STORE
Cambridge. MA 02139

MAD HATTER SOFTWARE
Dracut, MA 01826

NEW ENGLAND ELECTRONICS
Springfield. MA 01103
MICHIGAN

NEWMAN COMPUTER EXCHANGE
Ann Arbor. MI 48104

NEW DIMENSIONS IN COMPUTING
East Lansing, M| 48823
COMPUTER HOUSE DIV.
Jackson, M| 49202
COMPUTERLAND OF

GRAND RAPIDS

Kentwood, MI 49508
COMPUTRONIX

Midland, M! 48640
COMPUTER MART OF ROYAL OAK
Royal Oak. M1 48073

TRI CITY COMPUTER MART
Saginaw, M| 48603
COMPUTERLAND

Southfield. MI 48034

LEVEL FOUR PRODUCTIONS
Westland, M1 48185
MINNESOTA
COMPUTERLAND
Bloomington, MN 55431

MINN. MICRO SYSTEMS
Minneapolis. MN 55454
MISSISSIPPI

OXFORD SOFTWARE CO.
Oxtord, MS 38655

MISSOURI

FORSYTHE COMPUTERS
Ctayton. MO 63105
COMPUTER COUNTRY
Florissant, MO 63031

NEVADA

HOME COMPUTERS

Las vegas. NV 89109

NEW HAMPSHIRE

TRS-80 SOFTWARE EXCHANGE
Milford. NH 03055
COMPUTERLAND OF NASHUA
Nashua, NH 03060

BITS. INC.

Peterborough. NH 03458

NEW JERSEY

COMPUTER LAB OF NJ

Budd Lake, NJ 07828
COMPUTER EMPORIUM
Cherry Hill. NJ 08002
COMPUTER MART OF NJ
Iselin. NJ 08830

MSM ELECTRONICS
Medtord. NJ 08055
COMPUTERLAND
Morristown. NJ 07960
COMPUTERLAND

Paramus, NJ 07652
COMPUTER NOOK

Pine Brook. NJ 07058
COMPUTER ENCOUNTER
Pninceton, NJ 08540
TYPTRONIC COMPUTER STORE
Ramsey. NJ 07446

NEW YORK
COMPUTERLAND

Buffalo. NY 14150
COMPUTERLAND

Carle Place. NY 11514
COMPUTER SHOP OF SYRACUSE
De Will. NY 13214

THE COMPUTER TREE
Endwell. NY 13760

LONG ISLAND COMPUTER
GENERAL STORE

Lynbrook. NY 11563
COMPUTER MICROSYSTEMS
Manhassel. NY 11030

THE COMPUTER FACTORY
New York, NY 10017

COMPUTER MART OF NEW YORK
New York, NY 10016
AUTOMATIC SYSTEMS
Poughkeepsie. NY 12603
COMPUTER HOUSE
Rochester, NY 14609

THE COMPUTER STORE
Rochester. NY 14618

HOME COMPUTER CENTER
Rochester, NY 14607

THE COMPUTER CORNER
White Plains. NY 10601
READOUT COMPUTER STORE
Williamsville, NY 14221
NORTH CAROLINA

BYTE SHOP

Charlotte, NC 28212
COMPUTERLAND

Charlotte, NC 28205
FUTUREWORLD

Durham, NC 27707

BYTE SHOP

Greensboro. NC 27401
MICROCOMPUTER SERVICES
Hickory, NC 28601

BYTE SHOP OF RALEIGH
Raleigh. NC 27605

OHIO

BASIC COMPUTER SHOP
Akron. OH 44314

CINCINNATI COMPUTER STORE
Cincinnati. OH 45246

21ST CENTURY SHOP
Cincinnati, OH 45202

CYBER SHOP

Columbus, OH 43227

MICRO MINI COMPUTER WORLD
Columbus, OH 43213
COMPUTER SOLUTIONS
Dayton, OH 45409

DAYTON COMPUTER MART
Dayton, OH 45409

ASTRO VIDEO ELECTRONICS
Lancaster, OH 43130
COMPUTERLAND OF CLEVELAND
Mayfield Heights, OH 44121
RADIO SHACK (Dealer)

St. Clairsville, OH 43950
OKLAHOMA

HIGH TECHNOLOGY
Oklahoma City. OK 73106
MICROLITHICS

Oklahoma Cily, OK 73127
HIGH TECHNOLOGY

Tulsa. OK 74129

OREGON

THE COMPUTER STORE
Corvallis. OR 97330

CAMERA AND COMPUTER
EMPORIUM

Portland. OR 97205
COMPUTERLAND OF PORTLAND
Tigart, OR 97223
PENNSYLVANIA

BYTE SHOP

Bryn Mawr. PA 19010
PERSONAL COMPUTER CENTER
Frazer, PA 19355

COMPUTER AID

Latrobe, PA 15650

THE COMPUTER WORKSHOP
Murrysville, PA 15668

RADIO SHACK (Dealer)

North Wales, PA 19454

A B COMPUTERS

Perkasie, PA 18944
MICROTRONIX

Philadelphia, PA 19106
SOUTH CAROLINA

DATA MART

Greenville. SC 29607
TENNESSEE
MICROCOMPUTER STORE
Knoxville. TN 37919
COMPUTER LABS OF MEMPHIS
Memphis. TN 38117

DOC'S COMPUTER SHOP
Nashville, TN 37211

TEXAS

COMPUTERLAND OF AUSTIN
Austin, TX 78757
COMPUSHOP

Dallas, TX 75243
COMPUTERLAND

Datlas. TX 75231

KA ELECTRONICS SALES
Dallas, TX 75247

COMPUTER TERMINAL

El Paso. TX 79901

RAM MICRO SYSTEMS

Forl Worth, TX 76116
COMPUTERCRAFT

Houston, TX 77063

COMPUTERLAND OF HOUSTON BAY

Houston TX 77058
NEIGHBORHOOD COMPUTER
Lubbock. TX 79401
COMPUTER PATCH OF SANTA FE
Odessa. TX 79762
COMPUSHOP

Richardson. TX 75080

THE COMPUTER SHOP

San Antonio. TX 78216
COMPUTER SOLUTIONS

San Antomo. TX 78229

WICHITA COMPUTER SYSTEMS
Wichita Falls, TX 76301

UTAH

ADP SYSTEMS

Logan. UT 84321

THE HI-FI SHOP

Salt Lake City. UT 84117
VERMONT

COMPUTERMART

Essex Junction, VT 05452
VIRGINIA

COMPUTER HARDWARE STORE
Alexandria, VA 22314
COMPUTERS PLUS
Alexandria, VA 22304

COw. INC.

Blacksburg. VA 24060

HOME COMPUTER CENTER
Newport News. VA 23606
COMPUTER TECHNIQUES
Richmond, VA 23235

THE COMPUTER PLACE
Roanoke. VA 24015
COMPUTER WORKSHOP
Springtield. VA 22151
COMPUTERLAND

Vienna, VA 22180

HOME COMPUTER CENTER
Virginia Beach, VA 23452
WASHINGTON

OMEGA NORTHWEST
Bellevue. WA 98004
COMPUTERLAND OF SOUTH
KING COUNTY

Federal Way, WA 98003

YE OLDE COMPUTER SHOPPE
Richland, WA 99352

THE COMPUTER SHOPPE
Seattle. WA 98115

EMPIRE ELECTRONICS
Seattle. WA 98166

PERSONAL COMPUTERS
Spokane, WA 99202
COMPUTERLAND

Tacoma, WA 98499
WISCONSIN

BYTE SHOP OF MILWAUKEE
Greenfield, WI 53227
COMPUTERLAND

Madison, WI 53711

MADISON COMPUTER STORE
Madison, W1 53711
COMPUTERLAND

Milwaukee, Wi 53222

FOX VALLEY

COMPUTER STORE

Neenha. Wi 54956
AUSTRALIA

ELECTRONIC CONCEPTS PTY.LTD
COMPUTERLAND

Sydney. N.S.W.

CANADA

COMPUSHOP

Calgary. Alberta T2N 2A4
THE COMPUTER SHOP
Calgary. Alberta T2T 479

TJB MICROSYSTEMS
Edmonton. Alberta TSM OH9
COMPUTER CITY

Winnepeg, Manitoba R3P OH8
COMPUTERLAND

Winnepeg. Manitoba R3G 0M8
INTERACTIVE COMPUTER SYSTEMS
Frederickton. New Brunswick
MINICOMP SYSTEMS

Halifax. Nova Scotia B3K 2G1
KOBETEK SYSTEMS
Wollfville, Nova Scotia BOP 1X0
LYNTRONICS

Downsview, Ontaric M2J 2W6
COMPUTER CIRCUITS
London, Ontario N6A 3H2
COMPUMART

Ottawa, Ontario K2A 1J2
COMPUTER INNOVATIONS
Ottawa. Ontario K18 4A8
RICHVALE TELECOMMUNICATIONS
Richmond Hiil. Ontario

THE COMPUTER CENTRE
Sarnia. Ontario N7T 1B4
COMPUTER MART

Toronto. Ontario M4G 385
THE COMPUTER PLACE
Toronto. Ontario M5V 1Z1
COMPUTER SPECIALIST
Toronto. Ontario M3K 1E7
HOUSE OF COMPUTERS
Toronto. Ontanio
MARKETRON

Toronto. Ontanio
MICRO-WARE

Toronto. Ontario M4E 2L2
COMPUCENTRE

Montreal. Quebec H1J 1Z4
FUTUR BYTE

Montreal. Quebec H3B 3C9
CUSTOM COMPUTING SERVICES
Saskatoon. Saskatchewan S7K 285
DIGITAL SERVICE
Saskatoon. Saskatchewan S7J 3A9
PUERTO RICO
MICROCOMPUTER STORE
Ri0 Psedras. PR 00921

PLUS 17 DEALERS IN EUROPE!
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Prepare table as example table 11b shows and enter plaintext Pj. (11a)
Switch calculator to RUN and ON.

Load program. .
Input data Rg, A3, Ay, Nc. Follow each entry except the /ast with ENT?. Press A.
Input data O.

Depress R/S to start program.

Calculator will stop with a number in the form J.M. Copy plaintext character at
position J to ciphertext position M,

Depress R/S and return to step 7.

Repeat the steps 7 and 8 loop. Pressing R/S after character Nc will cause the
ERROR sign to flash. When flashing stops, press R/S one time.

\f program is to be restarted, return to step 4.

Encipherment Example (116)
JM 01 02 03 04 [¢153 06 07 08 09 10
Pj M A Y U P B | D P R
Cm A B M P D | P R U Y

Table 11: Crypto instructions for enciphering in the transposition only mode.
The key is A:0.5, 1.625, 3.125, 10 R/S: 0.

© LW NoosLMN=

Py

Prepare table as example table 12b shows and enter ciphertext Cm.
Switch calculator to RUN and ON.

L.oad program.

Input data Rg, A, Ay, Nc. Follow each entry except the last with ENT?®. Press A.
Input data O.

Depress R/S to start program.

Calcuiator will stop with a number in the form J.M. Copy ciphertext character at
position M to plaintext position J.

Depress R/S and return to step 7.

Repeat the steps 7 and 8 loop. Pressing R/S after character Nc¢ will cause the
ERROR sign to flash. When flashing stops, press R/S one time.

If program is to be restarted, return to step 4.

{12a)

Decipherment Example (12b)
J.M 01 02 03 04 05 06 07 08 09 10
Cm A B M P D | P R U Y
Pj M A Y U P B | D P R

Table 12: Crypto instructions for deciphering in the transposition only mode.
The key is A:0.5, 1.625, 3.125, 10 R/S: O.

JM

i
m

Cm

Prepare table as example table 13b shows. Enter plaintext Pj and, (13a)
using alphabet table, enter Pj values.

Switch calculator to RUN and ON. -

L.oad program.

Input data Rg, Aj, A, Nc. Follow each entry except the /ast with ENT?. Press A.
Input data Na.

Press R/S to start program. -
Calculator will stop with a number in the form J.M. At index J select and enter Pj
and press R/S. -

Calculator will stop with a number in the form J.M Cm. Atindex M in tabie enter
Cm from display.

Press R/S and return to step 7.

Repeat the steps 7, 8 and 9 loop. Pressing R/S after character Nc¢ flashes the ER-
ROR sign. When flashing stops, press R/S one time.

Using alphabet table convert Cm to Cm to obtain ciphertext.

If program is to be restarted, return to step 4.

Encipherment Example (13b)
01 02 03 04 05 06 07 08 092 10 index.
M A YU P B I D P R plaintext.

22 07 10 21 19 02 11 23 19 25
13 01 10 22 19 11 05 06 22 09
HF YM®PI Z XMG

entered at step 7 from alphabet table.
program output from step 8.
from alphabet table.

Table 13: Crypto instructions for enciphering in the dual transposition and
substitution mode. The sample table used for enciphering is shown in table
13b. The key is A:0.5, 1.625, 3.125, 10 R/S: 26; table 9 used.
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Text continued from page 146:

WEINA
NNTOU

CONTC
LTTRY.

The same message enciphered in the dual
mode (table 13) becomes:

(A:0.5,1.625, 3.125, 40 R/S: 26)

SFHIU JIFYY
IMPAI XRVXZ
SAVVW PARTU
SGIWM VFFBG.

In the dual mode operation a conver-
sion operation may be saved at each end
of the system by using the numerical Cm
data directly as the cryptogram. The dis-
advantage to this is that the number of
characters to be transmitted is doubled.
In some circumstances transmission of
numerals may be preferred over alphabetic
characters in spite of the expanded volume.

Use of Nulls

Many procedures may be followed which
will aid in protecting the cipher. One of
these is the use of nulls. This procedure is
very simple to use and actually speeds up the
enciphering and deciphering process as dis-
cussed in the text box on search strategy. To
use this technique, specify a message char-
acter length (Nc) to program Crypto which
is larger than the actual message length. For
example, consider a message of length 100
and an Nc value specification of, say, 125.
Crypto is used in the normal way until all
100 message characters are processed into
the ciphertext. At this point the 125 char-
acter ciphertext contains 25 (scattered)
blank spaces. Fill these blank spaces with
characters chosen by you at random. When
finished, the cryptogram will contain 25
totally irrelevant characters randomly located
in the ciphertext.

The nulls present no problem to the deci-
pherer since Crypto will point that person
to genuine data for the first 100 processing
cycles; after that the nulls are indicated. It
might be wise to clearly delineate the end of
a message by appending some prearranged
terminal symbol to the plaintext. The speed
of operation may be greatly increased by use
of nulls since this keeps the mean processor
time low, as discussed in the text box on
search strategy. The longer messages should
definitely use nulls to speed up the process.
The use of nulls is clearly advantageous,
since this presents the cryptanalyst with
some additional possibilities that must be
sorted out. Make sure that the nulls you
supply blend well with the genuine cipher-
text. Do not attempt, for example, to bal-



SOUPVWAWE

FOR YOUR

[R3-80 - PET - APPLE

GALACTIC BLOCKADE RUNNER—an exciting, different and sophisticated space war game with

interesting graphic displays. Plays better than many of ihe Star Treks out there. T1/4 T2/16 P A $9.95

SCI-FI GAME SAMPLER—includes 3 games—Space Monster, Lunar Lander and Spacc Battle, all

with graphics. T1/4 T2/16 P £5.95

SOLARIA—a sophisticated fantasy economic simulation—you won’t believe the complexily of this

one’s output, T2/16 P $9.95
e e

PILOT— The educational language—Ready for your TRS-80! This version comes complete with a
butlt 1n editor and 3 sample programs. Tape Version $14.95 Disk Version $24.95

Please Sir—Could you tell me where | can DIET PLANNIP:SIbPACKAdGlj.—u]se youlrl comrvulcrh!ol hcl[; plan a safe, rel?lt)/l: di;l—calculale; l\zh:;
. i 3 your weight should be, your daily calorie allowance— helps plan your menu. T2/16 1
Find Software for my Mlcrocomputer? OTHELLO 111—A strategy board game—play with the computer, a friend or have the compuier play
against itself. T1/4 T2/4 P A $7.95
DAILY BIORHYTHM PROGRAM—has interesting moving line display. gives 30 day graph and
more! T1/4 T2/4 $5.95
MICRO-TEXT EDITOR~—non destructable cursor, graphics capability, versital editing options, save &

B U SI N ESS load screen, output to printer. T2/4 $9.95

GIVE A VOICE AND EARS TO YOUR APPLE COMPUTER!
APPLETALKER—speach synthesis for your APPLE computer! $15.95
A N D APPLELISTENER—specch recognition for your APPLE computer. A nice companion program to the

onc above. Just think of the possibilities! $19.95
o

MICROCHESS-—play chess with your computer. Uses graphic display and provides various levels of

difficulty. T1/4 T2/4 P A $19.95
A P P LICAT I O N BRIDGE CHALLENGER—why wait 1o get 3 other people together to play? Your computer’s ready

anvtime. T2/16 P A $14.95

AIR RAID—a machine language, real-time, arcade type game. Shoot down planes as they fly by.

SO FTWARE T Tos . o 5145

RSM-2—a machinc language monitor for the TRS-80. Many, many features including a built in disas-
sembler.  $26.95 Disk Version $29.95

AVAILABLE A NEW AND EXCITING VERSION OF STAR TREK IS ON THE WAY!
WATCH OUR ADS FOR DETAILS OR SEND FOR FREE CATALOG.

APPLE 21—black jack for your APPLE! $9.95
CA L L O R W R IT E STAR WARS/SPACE MAZE—sci-fi games for your APPLE. $12.95

MICRO-TAX 78—just in time to help you prepare your returns. Does form 1040 and schedules A, B, C,
SE, D& 4797. T2/16 $12.95

RENUMBER—a machine language program for renumbering your BASIC programs, onc of your most
FO R D ETAI LS useful programming tools. T2/4 $14.95

100'S MORE — SEND FOR FREE CATALOG — GIVE TYPE OF COMPUTER
T  TRS-80 Level/Mem P Commodore PET A Applell

. 10% OFF IF YOU BUY 3 OR MORE!

wc.u HAVVER SCRVIALE B

VISA
SALEM ROAD, DRACUT, MA 01826 (617) 682-8131 /

IF YOU WOULD LIKE TO HAVE YOUR COMPANY NAME HERE
AS ONE OF OUR RETAIL DISTRIBUTORS CALL

(617) 682-8131

FOR WHOLESALE PRICE INFORMATION
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Listing 1, continued from page 145:

145 (Grora) (Cenmt ) (v ) (=) (Creo) (rec )
151 Cx D) (Cont D) (w0 ) Cerore) (C+ ) (er0fd)
157 (aBLie ) (s )y (rere ) (C+ )Y (C+ ) (atBLrd)
e (Cree) G Coo) C=O CO T
169 Ceex ) (Cse ) (C = D) (Cres) (C+ ) (Coses)
175 (Rs ) (eBLla) (10 ) (s103) (CRed) (Chi )
181 C v ) Csto6) (6 ) (rea) (egoy?) (gagr01)
187 (Cc102 ) (#BLE ) ((hsFz ) (RctAa ) (CgtBLfe) (CRCL1 )
193 (C+ ) (rez ) (Chy*x ) (eFrac) (Cstoa) (CnF2 )
199 (erote ) (C x ) (Cant ) (rero) Crevn) C + )
205 (reL2 ) (Chw* ) (eFRac) (Cstoo ) (reta) (C - )
21 Chixx ) (CbhrE ) (ChRTN)

Listing 2: Keygen program written for the HP 67. This program generates
numerical keys from alphabetic phrases for program Crypto. When using
this program, the user needs to know both the key base and the number of
the key within the key sequence produced. A detailed description of how to
operate program Keygen is given in table 15.

Location Keys

1 Ceeto) (Centt ) Ceex ) (7 HY(C o) (=
7 (C#mx ) (ospa ) (svos ) (sto7 ) (stob) (cix )
13 (st09) C v ) C Y (2 ) (C 5 ) (st0a)
19 (Creee ) (Ceex ) (3 ) (x ) (weraC) (-
C )
)

s 2O Cs5O D (Fos) (Crets)
n ) O CO @) (3O C o
v (D 5 XD Gaa) (¢ Goo)
a3 (CnrIN ) (fBLe ) (sto8 ) (fBLg ) (_RcL9 ) (__RcL8 )
49 (ax>v?) ( G6T0o8) (_RCL6 ) ((s107 ) (CstoD ) (_CLX )
55 (sto9) (sBw) (Cree) (rero ) C - ) C v
61 C - ) (wx=0r2) (o107 ) ( hsti ) (7LBL6 ) ((gGSBfd )
67 (C sz ) (CG6roe) ( ez ) (CRews ) ((s109 ) ((gGSBid)
73 Chrewz) Crea) (C+ ) (Crs ) (Creee) C -
79 C 7 ) (s OO CxXx D) (Creea) (L + Hmws)
s (Rep) (3 ) O (T O 5O CxO
91 (rea) (C+ ) (Crs ) (1 D (sto+8) (G109 )
97 (oButd) (Ret7 ) (ree ) (C+ ) (Crec) (vt )
103 (oFRAC) (" st07 ) (rep ) (RCE ) (C_+ ) (CRCC)
109 (Cny ) (gFRAC) (CsT0E ) (RCB ) ( + ) (CRCLC)
115 (nv ) (eFRAC) (stoo ) (rez ) (- ) (Chix)
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ance out the letter frequency count in a
transposition only cipher by manipulation
of the nulls.

As an example of the use of nulls the
following 40 character demonstration
message is used with RRXYY appended as
end of message indicator. An alphabet length
of 60 is chosen, which yields 15 nulls.
The cryptogram follows with the nulls
underlined:

A: 0.5, 1.625, 3.125, 60
R/S: O
(transposition only)

NBEAR TLCNL
AOTEM SPEPI
XRIPN POEYD
WRRRT ONECR
YYFYI UOENT
GMUIR TSCNY

The 15 nulls are distributed randomly
throughout the ciphertext. The reader may
verify the operation by deciphering this
cryptogram. Note that the first null pointed
to will be on plaintext character 46, which is
the start of the junk region.

In addition to the use of nulls, some
other precautions may be taken to protect
the cipher. The beginning and end of a mes-
sage can represent sources of vulnerability.
Standard or easily guessed salutations and
signatures can be of great help to the crypt-
analyst. One counter to this is to insert a few
nonsense words at the beginning and end of
each message using prearranged delineation
flags. There is also the bisection method,
which involves starting the message from
some point near the middle, going to the
end and then picking up the start. This
buries the head and tail of the message
somewhere in the middle of the cryp-
tographic process.

The key of program Crypto is the 3 num-
ber group (Rp, A7, As). Program Keygen
(listing 2) provides for convenient gener-
ation of thousands of keys from an easily
remembered keyphrase. There is abso-
lutely no excuse for using a given key more
than once. In dual mode operation use one
key for the mixed alphabet transposition
table (table 9) and a different key for the
Crypto enciphering operation. (By the
way, do not be overly impressed by the
added complexity of the dual mode cipher.
In this business, complexity and security are
not necessarily correlated. The transposi-
tion only mode represents a very effective
cipher in spite of its simplicity of operation.
Don’t be afraid to use it.)

The limited speed, storage and [/O
(input/output) facilities of today’s pocket



First Time Offer for the Micro Market

Go First Class

1E::
MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY
ONLY $995.°° (arv 1)
DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YOU
YOUR EQUIPMENT WORKS PROPERLY

1 YEAR EXTENDED WARRANTY
AT SPECIAL RATES

p” Our Specifications Before You Buy

DISPLAY

SCREEN CAPACITY, CHARACTERS | |
CHARACTERS PER LINE

VIEWING AREA
CHARACTERSIZE .. ...........

REFRESHRATE. . .. ...........
SCAN METHOD
CHARACTER GENERATION

CURSOR. .. .................

TYPE

OPERATOR CONTROLS

POWER ON/OFF SWITCH
BRIGHTNESS CONTROL

POWER REQUIREMENTS

Model 501 - 115 voits, 60 Hz, 100 watts nominal
Model 502 - 230 volts, 50 Hz, 100 watts nominal

NATIONAL DISTRIBUTOR FOR

DEALER NETWORK IS NOW BEING SET UP — YOUR
INQUIRY IS INVITED

3S SALES, INC.

Circle 364 on inquiry card.

Random Access Memory
2000 characters

SPECIFICATIONS

INTERFACE
2000 DATA FORMAT
80 DATABITS. . ............ 7 serial, asynchronous
25 DATABITS. . ............ 1, 0 or deleted
P4 phosphor (white) PARITY . .. ... ... ....... Odd, even or deleted
2; (30.4 em) with error displaved as
12inches {30.4 em DLE
54 square inches (137.1 cm) STOPBITS . . ............ for2

0.20" high x .08" wide (5.08
mm high x 2.03 mm wide)

60 Hz (50 Hz avaltabie)
Raster

5 x 7 character in an 8
x 10 dot matrix

Blinking block

50, 75, 110, 134.5, 150,

300, 600, 1200, 1800.

2000, 2400, 3600, 4800,

7200, 9600 BAUD
STANDARD FEATURES

INVERSE VIDEO . . . . . v v v v v s Operator or software

selectable

........... Half or full duplex (switch
selectable)

DATAENTRY . ... .......... Top or bottom line
ENDOF LINEBELL . .......... Switch selectable
......... X-Y

CURSOR ADDRESS . . . . ... ..... Load and read

TRANSMIT MODES

On rear of unit

126 lincluding space)

Up, down, teft, right,
home, return

Switch selectahle

On rear of unit

AUTOMATIC ROLL-UP . .. .. ...

AUTO CARRIAGE RETURN
AND LINE FEED

MONITOR MODE

Switch selectable

Special “Monitor’’ Mode
allows display of control codes
(first two columns) of ASCII
Code Chart),

OLDEST INDEPENDENT

VISA®

'm
By MANUFACTURER

P.O. Box 45944  Tulsa, OK 74145
918 - 622-1058
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calculators are compensated for in Crypto
by putting the user to work. Because of the
manual cooperation required, one quickly
learns to keep messages brief. Thus the
tendency to keep traffic volume down is,
in a lefthanded sort of way, an aid in pro-
tecting the cipher.

Program Organization

Extensive use is made of a pseudorandom

ENTER

number generator for producing a sequence
Rn where:

0<R,<1. (4)

The algorithm used is:

Rnh+1=FRAC[(R, +A{)A2].  (5)
Term (n + 1) of the sequence is obtained
from term n by addition of a constant A,
raising the sum to the power Ay (another
constant parameter), then taking the frac-
tional part of this result as R, + 1. The
following seed and parameter value ranges

have been used successfully:
INITIALIZE 0<Rg <1 (seed)
1.25<A <2 (6)
-
( 1.25< Ay <5,
R:= .
INT [NexRy ] Changes in any of these three values by
0.0001 or more will produce rapidly di-
BHESERS verging series. At the higher Ay values
el much smaller changes in Rg and A7 will
YES ~ $PACE R suffice.
OPEN
P
T RESTART USER
TRIALS NO INTERVENTION
EXHAUSTED
TRANSPOSITION ? TRANSPOSITION
OPERATION ONLY :
YES TRANS™N ygs RESTART
POSITION ENCIPHER :
ONLY ENTER Pj,
3 RESTART
DECIPHER:
ENTER Cm,
R= RESTART
INT[SxR2,]
RO
INT[NaxRn)
PHASE B I
SEARCH FOR l
Rth
OPEN SPACE
EMPLOY
L SUBS KEY
DISPLAY  _
GCOMPUTE M J.MC OR J.MP
FOR DISPLAY HALT UNTIL
RESTART
DISPLAY
J.M
UPDATE J,$
YES s>a NO
P o 5 o ps
d Figure 1: A simplified
block diagram of program
Crypto.
154 April 1979 © BY TE Publications Inc



5 reasons why you should not buy

the electric p

Check the appropriate box(es):
You love typing the same copy 20 thousand times a day.
[J Your secretary can type 250 words per minute.

[J You're dying to spend $15,000 on a word processing system, just for the
tax investment credit.

[J All your capital assets are tied up in a 10-year supply of correction fluid.
[J You never commit a single thought to paper.

If you have checked one or more boxes, you do not need The Electric Pencil.
On the other hand, you may want to join the thousands of people who haven’t
checked a single box.

The Electric Pencil Il is a Charac-
ter Oriented Word Processing System.
This means that text is entered as a
string of continuous characters and is
manipulated as such. This allows the
user enormous freedom and ease in the
movement and handling of text. Since
line endings are never delineated, any
number of characters, words, lines or
paragraphs may be inserted or deleted
anywhere in the text. The entirety of
the text shifts and opens up or closes
as needed in full view of the user. The
typing of carriage returns or word
hyphenations is not required since
lines of text are formatted automatic-
ally.

As text is typed and the end of a
line is reached, a partially completed
word is shifted to the beginning of the
following line. Whenever text is insert-
ed or deleted, existing text is pushed
down or pulled up in a wrap around
fashion. Everything appears on the
video display as it occurs, which elim-
inates guesswork. Text may be review-
ed at will by variable speed scrolling
both in the forward and reverse direc-
tions. By using the search or search
and replace functions, any string of
characters may be located and/or re-
placed with any other string of charac-
ters as desired.

Numerous combinations of

CP/M versions

Digital Research's CP/M, as well as
its derivatives, including IMDOS and
CDOS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only S35.

Features

e CP/M, IMDOS and HELIOS compatible

Supports four disk drives

Dynamic print formatting

DIABLO and NEC printer packages
Multi-column formatting in one pass
Print value chaining

Page-at-a-time scrolling

Bidirectional multispeed scrolling con-
trols

e Subsystem with print value scoreboard
e Automatic word and record number
tally

Cassette backup for additional storage
Full margin control

End-of-page control

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil II"”

© 1978 Michael Shrayer

Have we got a version
for you?

The Electric Pencil |l operates
with any 8080/Z80 based microcom-
puter that supports a CP/M disk sys-
tem and uses an Imsai V10, Processor
Tech. VDM-1, Polymorphic VTI, Solid
State Music VB-1B or Vector Graphic
video interface. REX versions also
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,
e.g., SS-11A, DV-XIB.

Vers. Video Printer Price
SS-11 SOL TTY or similar  $225.
SP-1I VTI TTY or similar 225.
Sv-li VDM  TTY or similar 225.
SR-1I REX TTY or similar 250.
Sl-I VIO TTY or similar 250.
DS-11 SOL Diablo 1610/20  275.
DP-1l  VTI Diablo 1610/20  275.
DV-1l VDM Diablo 1610/20 275.
DR-Il  REX Diablo 1610/20 300.
Dl-11 VIO Diablo 1610/20  300.
NS-1l SOL NEC Spinwriter  275.
NP-(( VTI NEC Spinwriter  2765.
NV-Il VDM  NEC Spinwriter  275.
NR-Il  REX NEC Spinwriter  300.
NI-(1 VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250.
DSH SOL Helios/Diablo 300.

Attention: TRS-80 Users!

The Electric Pencil has been de-

line length, page length, line
spacing and page spacing permit
automatic formatting of any
form. Character spacing, bold
face, multicolumn and bidirec-
tional printing are included in
the Diablo versions. Multiple
columns with right and left justified

margins may be printed in a single pass.

Wide screen video

Versions are available for Imsai
VIO video users with the huge 80x24
character screen. These versions put al-
most twice as many characters on the
screen!!!

Circle 319 on inquiry card.

B

1253 Vista Superba Drive
Glendale, CA. 91205

(213) 956-1593

MICHAEL SHRAYER SOFTWARE, INC.

signed to work with both Leve! |
(16K system) and Level |l mod-
els of the TRS-80, and with vir-
tually any printer you choose.
Two versions, one for use with
cassette, and one for use with

may be upgraded at any time by sim-
ply returning the original disk or cas-
sette and the price difference between
versions, plus $15 to Michael Shrayer
Software. Only the originally purchas-
ed cassette or diskette will be accepted
for upgrading under this policy.

disk, are available on cassette.
The TRS-80 disk version is easily tran-
sferred to disk and is fully interactive
with the READ, WRITE, DIR, and
KILL routines of TRSDOS 2.1.

Version Storage Price
TRC  Cassette  $100.
TRD Disk $150.

Demand a demo from your dealer!
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6800 ASSEMBLY
LANGUAGE PROGRAMMING

—
o~ PR
e

INTRODUCTION TO
MICROMPUTERS Volume 0

ACCOUNTS PAYABLE AND
ACCOUNTS RECEIVABLE
by Lon Poole and Mary Borchers

O This is a set of 21 programs which
constitute an invoice-linked accounts
payable and a low-volume invoice ac-
counts receivable system for small
business. 318 pp. $15.00.

Bits Presents the
Osborne Library

AN INTRODUCTION TO
MICROCOMPUTERS, Vol.1,2and 3

by Lance A. Leventhal

by Adam Osborne

by Adam Osborne

O Lance A. Leventhal discusses as-
sembly language programming for com-
puters using the 6800 microprocessor.
The 6800 instruction set is presented in
depth with chapters on assemblers,
simple programs, code conversion, ta-
bles and lists, subroutine, input/output,
interrupts, program design and docu-
mentation, and sample projects. $8.50.

8080 A / 8085 ASSEMBLY
LANGUAGE PROGRAMMING

by Lance A. Leventhal

O This book provides an introduction to
assembly language programming for
the 8080 A and the 8085 processors. In-
cluded are sections on the instruction
sets for the two processors, assemblers,
simple program examples, code con-
version, table and lists, subroutines,
10, interrupts, program design, and de-
bugging. Many examples and illustra-
tions are included to cover critical
points. 467 pp. $8.50.

PAYROLL WITH COST
ACCOUNTING IN BASIC

by Lon Poole

O includes program listings with re-
marks, descriptions, discussion of the
principles of each program, file lay-
outs, and a complete user's manual with
step-by-step instructions, flow charts
and sample reports with CRT displays.
All 35 programs are written in the wide-
ly used computer language BASIC, and
work together to produce a payroil,
right down to the printing of paychecks
and maintaining of employee records
$15.00.

BITS.

Books to erase the impossible

POB 428, 25 Route 101 West
Peterborough, NH 03458

O Written for the absolute beginner,
‘‘“The Beginners Book'' tells you what
microcomputer systems are all about:
the component parts, options available,
and what they can do for you. Volume 0
also gives an introduction to micro-
computer logic. $7.95.

SOME COMMON BASIC PROGRAMS
by Lon Poole and Mary Borchers

O At last, a single source for all those
hard to find mathematics programs!
Some Common BASIC Programs com-
bines a diversity of practical algorithms
in one book: matrix multiplication,
regression analysis, principal on a loan,
integration by Simpson’s rule, roots of
equations, operations on two vectors,
chi-square test, check writer, geometric
mean and variation, coordinate conver-
sion and a function plotting algorithm.
These are just some of the many pro-
grams previously available only as part
of software math package systems for
large scale computers. All the programs
are written in a restricted BASIC suit-
able for most microcomputer BASIC
packages, and have been tested and
debugged by the authors. $8.50.

Microcomputer designers and users are
presented with a continually expanding
array of processors and support chips.
Each of these microprocessor families
has its own advantages and disadvant-
ages for a given application.

O Volume | is subtitled ''Basic Con-
cept’’. This is the book which presents a
framework of ideas concerning the de-
sign and use of small computers imple-
mented with LSI. Topics include defini-
tions of the microcomputer, fundamen-
tal concepts of logic and numbering
charactéristics of instruction sets, etc.
$8.50.

O Volume 2 describes different micro-
processors in such a manner as to make
them easily comparable to one another.
Architecture, timing, instruction set
and usage are detailed for each. (In-
cludes hardcover binder). $20.00.

O Volume 3 includes descriptions of
memory devices, parallel and serial 1/0O
devices, CPU single and multi-support
devices, system busses, and much
more. (Includes hardcover binder) $20.-

Volumes 2 and 3 are published in
loose-leaf form with hardcover binder.
Update subscriptions available.

GENERAL LEDGER

by Osborne & Associates

O General Ledger is the complement to the other two books in the Osborne &
Associates series of BASIC business programs: Payroll with Cost Accounting and
Accounts Payable and Accounts Receivable. It is written in an extended BASIC with
information to aid the user in implementing it in his or her own version of BASIC.
General Ledger accepts postings from Account Payable, Accounts Receivable, or
postings entered directly; maintains balances for current month, quarter, years and
previous three years; and prepares trial balances, income statements, balance
sheet and other financial reports. Well documented business software at a very

reasonable price. $15.00.

For Ordering Use Coupon on Page 189

BYTE April 1979

Charge Card Orders May Be Placed on Our
Toll-Free Number: 800-258-5477
(In New Hampshire Call 924-3355)
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In place of the old keyphrase PATRICIA
ZLOTNIK, thrce keystream generator num-
bers (Rg, Aq, Ag) now become the key. The
demonstration values arc chosen as:

(0.5, 1.625, 3.125). (7)

This move from keyphrase to numerical
key required by automation is undesirable.
A word or phrase is much more easily
remembered than a sequence of digits.
In order to humanize this process, the
program Keygen is written which accepts
a keyphrase and produces any number of
machine-oriented keys (Rg, A7, Az).

The ideal scquence generator would pro-
vide an infinite sequence of R, values,
each value being statistically independent
of all other values. In practice the sequence
must eventually repeat. There is a finite
number of digits in the representation of
R,, so there is a finite number of different
R, values that may be produced. Since
Ry + 1 is a function only of Ry, once a
value is produced that has appeared before,
a computational cycle is entercd which
cannot be broken and a periodic sequence
results. This can create serious cryptographic
vulnerability problems, especially if the
scquence repeats during the processing
of a message. Other shoricomings of se-
guence generators, such as correlation
tendencies or biases, can also be exploited
by the cryptanalyst.

Protection against looping is provided in
Crypto using a technique ascribed by D E
Knuth and ] Gait to R W Floyd. Sce espe-
cially problem numbers 6 and 7 in Section
3.1 of the Knuth book in the bibliography.
Floyd’s algorithm requires that a second
sequence generator be used, which is cycled
twice for every cycle of the first generator.
The values of R, and Ry, are compared.
As Knuth shows, equality will always be
reached before cycling begins. After each
cycle of Ry, comparison is made with
Rap, and, if equality is detected, Crypto
halts {at step 211). If this occurs (very,
very unlikely), pick another {Rg, Ay, A3)
key and try again. The author has tested
many keys selected at random and found
sequence lengths much longer than re-
quired for any message, even in the worst
cases. The demonstration key (0.5, 1.625,
3.125), for example, has a nonrepeating
sequence length which lies between 18,303
and 24,403, after which cycling takes
place with a period of 6101.

Transposition Operation

The operating principles of program
Crypto can be explained with the aid of

Search Strategy

The method of generation of the random integer R for selection of
M-field cells (phase A, figure 1) does not preclude repetition in the
random number sequence. That is, on a given pass an M cell can be
pointed to that which has already been used. The bits in the special
registers are used to represent M-field cells, bit off meaning cell open
and bit on meaning cell already used. Access to and control of these
bits currently involves arithmetic rather than logical operations, and
processor time becomes an important consideration.

In the phase A pdrtion of figure 1, repeated trials are made to find
an open cell. Up to T such trials are permitted before phase B is entered
as a slow but sure last resort solution. Timing runs indicate that one
phase A trial requires 4.375 seconds of processor time. Hence we
define a time cost Ca as:

Ca = 4.375 seconds. (8)

This is the time required to test one isolated bit in one of the ten
special registers.

In phase B an exhaustive search is made of each bit in the M-field.
The overhead is lower here and it takes only 1.533 seconds to search
each cell. However, the mean cell number searched until the specified
empty cell is found will be roughly half the number of characters in the
message (Nc/2). Hence the mean cost of the phase B operation Cb, is:

Cb = 1.533(%) = 0.767 Nc. (9)

Note that the phase B cost increases with the number of characters in
the message. For long messages, the cost of phase B becomes much
greater than the cost of phase A. We seek now a strategy which mini-
mizes the mean overall time cost (Co) for an M cell selection in the
transposition table generation. (The substitution operation takes a
very short time to complete.)

If the number of open cells is S then the probability of success (Ps)
per phase A trial is simply:

Ps = 5— (10)

On a given phase A pass, let the first success be on trial K. The prob-
ability of this is:

(1—Ps)K=1(Ps);
and the total cost of this phase A operation is:
(K)(Ca).

The probability that T consecutive failures will occur in phase A (and
hence require use of phase B) is:

(1—Ps)T .
The cost when this occurs is:
(T Ca+Cb).

Putting these results together, the mean overall cost for a transposition
table entry calculation becomes:
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T
Co = Z (1—-Ps)K=V1 Ps K Ca +(1—Ps)T (T Ca+ Chb). (11)
k=1

Using the identity:

K—1 K=1 B
= NXN =x[Kxx] —o& ﬂ (12)
N=0 - (X—1)

allows equation 11 to be reduced to:

Co=Ca[—]_(]_PS)T:]+L‘b{E—Ps:I', (13)
Ps

The function Co is monotonic in T and behaves as indicated in
figure 2. Wheh T is equal to 0, no phase A trials are made and the cost
is simply the phase B cost (Cb). As T increases without limit [success in
phase A is forced to prevent use of phase B] the mean overall cost has
an asymptote of Ca/Ps. If this value is smaller than the cost-of phase B

(Cb), the lowest mean cost (time) is achieved with the penalty that
some calculations may never finish,

As the encipherment (or decipherment) progresses, S becomes
smaller and eventually the critical paint is reached when the value of
the asymptote Ca/Ps equals the cost of phase B (Cb). Using equations
(8), (9) and (10), this critical value (Sc} is seen to be:

N (&)

c S
(NC)(0.763':-‘ Nc) 2 i)

Sc

which simply says that when the number of empty cells reaches approx-
imately 6, phase A operation is too expensive (in time) because the
probability of success is too low. The strategy at this point is to cut out
phase A completely and go directly to phase B. The parameter T con-
trols the exchange of maximum processar Lime [or a transposition table
calculation to the mean processor time, Increasing T results in lower
mean times and longer maximum times.

Figure 2 shows that, for sufficiently large values of T, the mean time
(Co) becomes inversely proportional ta the prabability of success in
phase A (Ps) and hence the number of apens cells (5], One way of keep-
ing the probability of success (Ps) high and the mean cost (Ca) low is to
pick a number for Nc (message length) which is greater than the actual
message length. The program is then used only to process all the legiti-
mate message characters. The remaining spaces are filled with randomly
selected characters (nulls). By this artifice, the number of available cells
(S) is not permitted to run down to its critical value. Use of this tech-
nique is detailed in the main text.

The 2 phase approach of figure 1 has real value even if faster compu-
tation is at hand. Random tests of isolated M cells will always be faster
than the contiguous M-field search required in phase B. Hence the opti-
mization strategy will always be able to contribute to computational
efficiency. Additionally, the pseudorandom nature of the transposition
table calculations helps isolate the resulting cryptogram from the key-
stream generator, hence strengthening the cipher.

Key Generation
Those concerned with field ciphers generally concede that the basic

method of operation cannot be kept secret, The security of the cipher,
therefore, rests in the key. In some of the examples given in part 1 of

158  April 1979 ©® BYTE Publications Inc

figure 1. The ten special registers SO-S9 of
the HP 67 are reserved for up to 300 cipher-
text character position indicators (M-field).
A bit is reset (0) if the corresponding posi-
tion is open and can accept a ciphertext
character. Conversely, the bit is set (1) if
that M-field position has been filled in a
previous transposition operation.

The transposition operation of figure 1
is comprised of two phases, A and B. Upon
entry to phase A the sequence generator is
cycled and a random integer number R
in the range 0 to Nc — 1 is generated.
Position R is then tested in the M-field
and if the Rth position is open the bit is
set and phase B is bypassed. If the position
is already filled, additional tries via loop A
are executed. If an open position is not
found in T trials, phase B is entered.

Phase B is demanding of processor time,
but success here is guaranteed. A count S
is kept of the number of open spaces remain-
ing in the M-field. The sequence generator is
cycled and random integer number R is
generated in the range 0 to S - 1. The
entire M-field is then searched and the open
positions are counted until the Rth one is
reached. When this happens the correspond-
ing bit in the M-field is set and phase B is
complete.

Following phases A and B an M value is
computed and the transposition pair ).M
is displayed with the program halted. The
transposition portion of the program is now
complete.

Substitution Operation

In dual mode operation the user would
at this point enter Pj (encipher) or Cm
(decipher) and press R/S to restart the
program. The necessary residue arithmetic
would be done as shown in table 10 and the
program would again halt showing either:

J.M Cm (encipher)
or
].M Pj (decipher).

The substitution key is generated from
the R, register of the Floyd algorithm; the
sequence generator is not cycled for this
operation. In the transposition only mode,
this whole process is bypassed as indicated in
figure 1.

Throughput Optimization Strategy
After this information is disposed of by

the user, the program is restarted. If the
number of open spaces in the M-field is Q
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CASSETTE

[ AVAILABLE FOR IMMEDIATE DELIVERY )
SOFTWARE

DISKETTE

INVOICING

MAILING LIST

Package # 1036 (Level II) .. .. .................

Package # 1038 (Level II) ... ..................
ACCOUNTS RECEIVABLE

Package #1039 (Level II) . ... .................
ACCOUNTS PAYABLE
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Package #1045 (Level II) . . .. ... ... ... .......
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A

Package # 1047 (Level II) . . . ... ... ... ..........

.................................... $495.00

COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to
work for most small business applications. The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.

Package #1024
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(Level II, DISKETTE) . . ... .ottt iivrnnnneennn $24.95
Includes the following:
SPACEWAR II — CIVIL WAR — TRAP THE TRIBBLE
LIFE — KNIGHT — CONCENTRATION and LUNAR
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Personal checks allow 2 weeks.

.

SOFTWARE-80

18228 Cabrillo Court
Fountain Valley, CA 92708

OVER 150 EXCITING PROGRAMS
* MORE EVERY DAY *

ELECTRONICS

Also available for PET and APPLE.
All SOFTWARE-80 programs are guaranteed.

Programs available in Level I and Level II Basic.
All of our business programs will operate with printer; custom programs also available.

With certified check or money order, all orders shipped within 24 hours.

MARKETING

Send for our complete catalogue.

J

-

ALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICEJ
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this article, the keys were easily remembered keyphrases such as ROY AL
NEW ZEALAND NAVY, PHYSICAL EXAMINATION, and our own
PATRICIA ZLOTNIK. In program Crypto the key becomes the 3
number group (Rg, Aq, Az) such as (0.5, 1.625, 3.125).

Since keyphrases are more easily remembered than a sequence of
digits, program Keygen has been written to permit the use ol key-
phrases for the generation of keys for program Crypto. One part of the
program key is a 10 digit integer which we may call the key base. Once
this base number is entered into Keygen, a number of keys may be
generated. Each key triplet is identified by a key number M. If a differ-
ent key base is used, a different sequence of (Rg, Ay, Az) keys will be
generated. |f Keygen is employed, the user needs to know bath the key
base used to produce the sequence of keys and the number of the key
within the sequence.

A convenient way of relating keyphrase to key base is to number the
normal alphabet using 2 digit numbers, That is: A =01, B =02, C=03,
..., X =24,Y =25, Z=26.Now simply associate each letier with the
second digit of its corresponding numerical value, Ten characters are
selected from the keyphrase and their digit-for-character equivalences
form the key base. For example, calling once more upon our friend
from the main text yields:

PATRICIAZL (keyphrase);
6108939162 [key base].

Using Keygen with this key base, a table of keys may be created and
listed by key number N as follows:

N Ro Aq Ag
1 0.6233 1.7175 2.8561
2 0.4283 1.7423 2.6784
3 0.6564 1.7579 3.5444
4 0.3809 1.8209 3.8895
5 0.6771 1.9392 4.8296
6 06119 1.9619 3.9956
7 0.7612 1.7418 2.3276
8 0.7039 1.9241 3.4082
9 0.9190 12517 2.4218
10 0.9546 13436 3.4242

A little imagination in the use of Keygen should make it possible
never to have to repeat the use of a key, For example, in a multiple-user
environment, each user could be assigned a unigue block of key num-
bers. These would be used in some form of rotation that could be re-
started after a new key base is invoked, All users must know the key
base by prearrangement. The key nummber, however, could be contained
in the cryptogram. If certain groups are set aside by prearrangement as
control groups, the key number information could be contained in
these characters.

For example, let the third group of each cryptogram be a control
group and assume the same alphabetic-numeric eguivalence described in
the keyphrase-key base relationship. Lat the center character of the
third group indicate mode: even number far transposition only, odd
number for dual mode. The first two characters of this group could
represent mixed alphabet key number far dual mode or would be nulls
in the transposition only mode. The last two characters could represent
the encipherment operation key number. The contro! group JNGTI,
for example, signals dual mode, indicates key number 4 for mixed
alphabet generation, and shows that key number 9 was used in encipher-
ment. The control group is inserted inta the cryptogram after encipher-
ment and removed before decipherment.
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or less, phase A is skipped and phase B is
entered directly. Otherwise the program
loops back and enters phase A. This strategy
and the choices of T and Q are designed
to minimize the mean processing time
(details are in the text box on search
strategy). Coincidentally this approach pre-
sents the cryptanalyst with a highly non-
linear, multivalued barrier from the cryp-
togram back to the key (Rg, Ay, Az). On
some passes R, is cycled only once. At the
other extreme it is also possible that R, is
cycled T times in phase A and one time
in phase B for a total of T + 1 cycles of the
R, generator. The Juck of the draw nature
of the transposition algorithm can produce
some dramatic changes in the flow of events
arising from very minor situation differ-
ences, such as adding or subtracting one
character from the plaintext. This algorithm
has some interesting trapdoor or one way
properties.

General Remarks

With the notable exception of Vernam’s
onetime key, all cryptographic systems are
considered to be vulnerable to cryptanalytic
attack. As a consequence any proposed
cryptographic technique must be evaluated
for degree of security before being used.
The adversary roles of the cryptographer
and the cryptanalyst have existed for cen-
turies. Mathematical proofs of security
(usually based on the impossibility of
testing the vast number of combinations
offered) have lured innumerable amateurs
and a few professionals over the years
into positions that later proved embar-
rassing to the people who formulated
the proofs. These proofs of invulnerability
were destroyed by competent cryptanalysts
who accepted the futility of exhaustive
searches and instead searched for other
means to break the system. The question
of security, which is the very core of cryp-
tography, encompasses many disciplines and
occupies the full-time efforts of thousands
of talented people worldwide. Part Il of
the Shannon paper and sections VI and VII
of the Diffie and Hellman paper are highly
recommended for background in this area
(see bibliography).

Standard evaluation methods of secrecy
systems involve cryptanalytic attacks on the
system. The ciphertext only attack is the
weakest test, since the analyst is given only
ciphertext with which to work. Systems
which fail this test are rated as very weak.
The known plaintext attack allows the
analyst access to corresponding portions of
plaintext and ciphertext. The most severe
test is the chosen plaintext attack, in which



€\ OSBORNE & ASSOCIATES, INC.

extensive and detailed documentation.

What systems are we selling?

BUSINESS SOFTWARE FOR
MICROCOMPUTERS

Osborne & Associates is publishing its business systems in book form.
These systems represent five years of development and testing by
O&A programmers, and the books include more than a year’'s worth of

1) PAYROLL WITH COST ACCOUNTING
2) ACCOUNTS PAYABLE AND ACCOUNTS RECEIVABLE
3) GENERAL LEDGER

Each book sells for $15.00, and includes source listings in Wang BASIC,
program and system documentation, and user's manual. Each is a

complete package by itself, or all three may be implemented together
to form a complete system with interdependent files.

And if Wang BASIC won't work, or you don’t know programming, or you'd rather not key in thousands of words of
source code, take a look at the list of consultants who have adopted O&A programs, converted them to run on
many popular systems, and are waiting to hear from you.

CP/M CBASIC: GOOD NEWS

FOR CONSULTANTS, COMPUTER STORES AND SOFTWARE HOUSES

Osborne & Associates is converting its business software from Wang BASIC — as it was originally published — to CP/M CBASIC, which runs on
many floppy disk-based microcomputer systems. We will only sell the CP/M magnetic surface to consultants, computer stores and software
houses. Osborne & Associates prefers to write and sell books, not customize the programs or answer the end user's questions. The disk for each
book sells for $250.00. Once you buy the floppy disk you can copy it, resell it, change it or use it. We place no restriction on the magnetic sur-
face; we copyright only the printed word in our books. CBASIC Payroll is available now. All three systems are scheduled to be available in the first
half of 1979; call or write for the exact availability of each system.

If you are an end user interested in the CBASIC programs, write or call us. We will put you in touch with your closest dealer.

ALPHA MICRO:
P. Burke
THE BASIC BUSINESS SOFTWARE CO . INC
P.O. Box 2032
Salt Lake City. UT 84110
(801) 363-1199
APPLE Il:
Roger Varnes
ADVANCED COMPUTER TECHNOLOGIES
290 Hilderbrand Avenue N.E.
Atlanta. GA 30328
{404) 255-8984
Joe Poston
A.C.E. COMPUTER SYSTEMS

IBM 5110: TRS-80: DIGITAL GROUP 280 under OASIS BASIC:
Mark Sherman Don French Charles Finn
DATA WORKS FMG CORPORATION THE SYSTEMS GROUP
35 E. Wacker Dnve. Surte 1843 3312 Denbury Dnve 2993 Boring Ridge Dnve
Ctucago. IL 60601 Fort Worth, TX 76133 Decatur. GA 30034
{3121 726-2572 {817} 738-0251 (404) 289-8969
MICROPOLIS. PROCESSOR James E. Smuth, Jr. Wang BASIC:
TECHNOLOGY. NORTHSTAR: THE READY CORPORATION Richard Armour

David Pnice P.O. Box 532 ATLANTIC COMPUTING & CONSULTING
DAP SYSTEMS Pleasanton, CA 94566 P.O. Box 7294

3901 victona Lane {415) 443-4876 Hampton. VA 23666

Midiothian. VA 23113 {804} 340-9350

Irwin Taranto

MICROSOFT disk BASIC: TARANTO & ASSOCIATES

Dan Kindred

BASIC for ZILOG MCZ. ZDS

P.O. Box 6073 Timothy Fossum
2449 North Westshore GNAT COMPUTERS. INC. San Rafael. CA 94903 CUSTOM COMPUTER SYSTEMS
Tampa. FL 33607 7895 Convoy Court {415} 472-1415 4328 Pennington Lane
{813) 872-8301 San Diego, CA 92111 Racine. W1 53403
{714) 560-0433 {414) 554-0320
PRICE |QUANTITY| AMOUNT
OSBORNE & ASSOCIATES, INC. BOOK
P.0O. Box 2036, Berkeley, CA 94702 09-8 Payroll with Cost Accounting $15.00
630 Bancroft Way, Berkeley, CA 94710 Attention: 13-6  Accounts Payable/Receivable $15.00
(415) 548-2805 TWX 910-366-7277 Dept. 119
20-9 General Ledger $15.00
NAME N . id
SHIPPING (Shipping for large orders 10 be arranged) California residents tax
O All {oreign orders $4.00 per book for airmail hipD
ADDRESS O $0.45 per book 4th class fallow 3-4 weeks in the U.S.) D
O $0.75 per book UPS in the U.S. fallow 10 days) TOTAL AMOUNT
O $1.50 per book special rush shipment by air in the U.S. ENCLOSED
CITY STATE
Please send the following information: Calif. residents add 6% sales tax.
O Becoming an OB A dealer S.F. BART residents add 6-1/2 % sales tax.
ZIP PHONE O School discounts

O | am a dealer interested in purchas- 0 1 am an end

ing CBASIC programs for resale. Please

ming CBASIC programs. Please notify

O List of foreign distributors
O Other 08 A publications

user interested n run-

send d and order i me of the closest dealer for: " "
for: Payment in must be for p
O CBASIC Payroll with Cost Accounting of up 1o $70.00. Invoicing :"s' e o ls7°'°°
O CBASIC Accounts Payable/Recevable upon app 0 OU ?:rl p 0'395"
O CBASIC General Ledger orders must be prepaid in U.S. dollars drawn on a U.S.
bank.
$1001
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Table 15 gives detailed user instructions for program Keygen, An
error halt at program location 120 (very unlikely) indicates that a
looping condition has been detected in the Keygen random number
generator. The largest permissible key number value for this key base
is one less than the difference between the contents of register 8 and
register 1. Either stay within this limitation or change the key base, As
a precaution, one could generate the highest numbered key to be used
when a new Key base is invoked to imsure that there are no looping
problems within Keygen. As mentioned bhefare, it is very unlikely that
this condition will ever be encountered, The 3 sequence generator
cycles required by the Floyd algorithm serve double duty in Keygen.
For each key triplet generated, the Ry, register of Keygen supplies the
seed; one less than Ry, is used to compute Aq;and Rz, is employed in
the A3 calculation.

—_

Prepare table as example table 14b shows. Enter ciphertext Cm and, (740)

using alphabet table, enter Cm values.

Switch calculator to RUN and ON.

Load program.

Input data Rg, Aq, Ap, Nc. Follow each entry except the last with ENT?. Press A.

Input data Na; follow Na with CHS {that is enter —Na).

Press R/S to start program.

Calculator will stop with J.M in display. Atindex M, select Cm and enter. Press R/S.

Calculator will stop with a number in the form J. M Pj. At index J in table enter P]

from display.

9. Press R/S and return to step 7.

10. Repeat the steps 7, 8 and 9 loop. Pressing R/S after character Nc flashes the ERROR
sign. When flashing stops press R/S one time.

11. Using alphabet table convert Pj to Pj to obtain plaintext.

12. |(f program is to be restarted, return to step 4.

Decipherment Example (74b)
J,M 01 02 03 04 05 06 07 08 09 10 index
Cm HF YMPI Z XMG ciphertext
Cm 13 01 10 22 19 11 05 06 22 09 from alphabet table. Enter at step 7.
Pj 22 07 10 21 19 02 11 23 19 25 from program at step 8.
Pf MA Y U P 8 | DP R from alphabet table.

Table 14: Crypto instructions for deciphering in the dual transposition and
substitution mode. The sample table used in deciphering is shown in table
14a. The key is A:0.5, 1.625, 3.125, 10 R/S: - 26, table 9 used.

Set calculator switches to RUN and ON.

Load program.

Enter the 10 digit integer key base number and press D.

Enter key number N desired and press E

Display will show a number in the form N.Rg with four digits assigned to Rg. Key
number N is shown for identification only.

Press R/S to obtain A4

Press R/S to obtain A2 This completes key number N data (Rg, Aq, Ag).

If R/S is pressed at this point, the program cycles back to step 5 with N+1 replacing
N. Thus, the 5,6,7,8 loop may be used to obtain a sequence of keys.

After step 7, the user may start a new sequence by returning to step 4. To save time,
plan use so that N values are called for in ascending order.

Step 3 may be entered after step 7 to change the key base.

—_

Table 15: Detailed instructions for using program Keygen to generate keys
which are used with program Crypto.

the analyst chooses the plaintext source
material and the corresponding ciphertext
is also made available for analysis.

With the above in mind, the trapdoor
systems described earlier display yet another
fascinating difference from the classical
cryptographic techniques. Normally the
material for plaintext attacks must be ob-
tained through devious means. In the trap-
door case the public encryption key invites
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chosen plaintext attack at the leisure of the
analyst. If the system is strong enough to
survive this test, it is strong indeed by
classical standards. The revival of the /arge
number of possibilities argument which has
been discredited so many times in the past
is also most curious. Can it be that the
trapdoor approach results in a situation in
which large numbers are both necessary
and sufficient? Consider this remarkable
statement by Martin Gardner:

Computers and complexity theory
are pushing cryptography into an
exciting phase, and one that may
be tinged with sadness. All over
the world there are clever men and
women, some of them geniuses, who
have devoted their lives to the mastery
of modern cryptanalysis. Since World
War |l even those government and
military ciphers that are not one-
time pads have become so difficult to
break that the talents of these experts
have gradually become less useful. Now
these people are standing on trapdoors
that are about to spring open and drop
them completely from sight.

This statement, cited in the bibliography,
is made all the more remarkable when one
considers the stature of the man who made
it. Aside from the trapdoor hypothesis,
there is the indication here that emerging
technology has been favoring the cryp-
tographer and that the cryptanalyst is
being outdistanced in this phase of the
race. Advances in computer technology may
have given governments the privacy they
seek for their communications. Will further
advances extend this same privilege to the
common citizen?

Progress in communication techniques,
data processing and data storage has made it
increasingly convenient for governments
to invade the privacy of their citizens.
Further developments in cryptographic
theory and related digital processing devices
are bound to lower costs considerably. The
step from insuring the privacy of computer
based business transactions to insuring the
privacy of personal communications and
records is not too hard to imagine. Science
knows no politics or philosophy. Tech-
nology, which in the past has permitted
established groups to invade the privacy
of the individual, may be about to make
restitution.

Evaluation of Crypto

In the qualitative discussion which fol-
lows, a known plaintext attack will be
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Figure 2: Graph showing
the variation in the mean
cost with respect to the
number of trials allowed
to take place to find an
empty cell.

NUMBER OF TRIALS (T)

assumed as the testing vehicle. The reason
for making transposition mandatory in
Crypto may be demonstrated by consider-
ing a known plaintext attack on a sub-
stitution cipher. In such a cipher, charac-
ter positions remain unaltered in the cryp-
togram. The ciphertext character values
are the modulo sums of key and plaintext
values. The known plaintext attack removes
the plaintext value cover to reveal the key
generator values. The analyst then attempts
to determine the generator parameter
settings by use of the known sequence of

SURPLUS PRINTER FOR TRS80*

generator key numbers. In a straight sub-
stitution cipher the security load is carried
entirely by the keystream generator. Gait
indicates that shift register generators
produce very poor ciphers, especially the
linear congruential generators which are in
common use (see bibliography).

No claim for greatness is made for the
generator used in Crypto as defined in
equation (5). We have ignored Knuth’s
admonition not to select a random generator
at random. While this algorithm appears to
be satisfactory, there would be no hesita-
tion in replacement by a better algorithm
that fits into the available coding space.

The sequence generator and the organiza-
tional logic of Crypto (figure 1) work
together against the cryptanalyst. Consider
a transposition only cipher and a known
plaintext attack. The characters of the plain-
text are scattered throughout the cipher-
text with replications. There are 13 Ts in
the sample of known plaintext, for example,
and 48 Ts in the cryptogram. There are too
many ways to relate these two groups (plain-
text-ciphertext) in order to get sequence
generator output strings for analysis.

It should also be noted in figure 1 that
that the phase A/phase B logic plays an
important role in frustrating analysis.
Even if consecutive plaintext transpositions
could be identified, this does not mean that
sequential outputs of the random number
generator were involved. There may have
been several loop A cycles in search of an
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appear to be a sure way of working back to
the (Rg, Aq, Aj) generating key. The quan-
tizing operation INT [Nc X Ry,] defines
only a range for Ry, when the result is
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Circle 177 on inquiry card.

given, and represents a complicating factor.
The Jost odd cycle of the sequence generator
in the transposition operation should also
prove quite annoying to the analyst. The
Floyd algorithm is thus used to protect
the cipher in two ways.

Further protection may be obtained
from the substitution operation. If the
alphabet is expanded to include numerals,
the scrambled order of numerals in the
transposition only cryptogram may still
be too revealing. In such cases the dual
mode of operation is highly recommended.
| believe that a very effective cryptographic



capability results if Crypto is used according
to the instructions given.

The author wishes to express his thanks
to Dr JC Buchta and Dr S B Akers, Jr,
both of the General Electric Company,
for many interesting comments and
criticisms.
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Randy Soderstrom
4601 Goldfinch Dr
Madison WI 53714

Life Can Be Easy

I've written a fairly short and simple pro-
gram (about 220 bytes) to play Life on an
8080 based system. You need only two
pages of memory for the program and the
playing board. When this was originally
written, | had only 1 K bytes of memory in
my Altair, so this version is a simple one.
A few extensions are suggested, but they are
not necessary to enjoy Life.

The playing board is a 16 by 16 grid
taking one page (256 bytes) of memory.
Only the two least significant bits of each
byte are used, and the leftmost column and
top row are used as a border. If you don’t
use the border, the top of the board is
next to the bottom, and the right edge is
next to the left edge.

The board is arranged as shown in fig-
ure 1. The number in each box is its ad-
dress in memory. It is initialized by first
setting all locations to 00. Next, hexa-
decimal locations 00 through OF (the
top row) and 10, 20, 30 . . . EO, FO (left

Figure 1: Layout of the Life board in memory. The number of each box is

o0|0o1|oz]|oa|o4|os o6 |07 |os]|os|oa|oe |oc|on|oE|oF
10|11 |12 [13]|1a |15 |16 [17 18|19 [1Aa]1B |1c|1D[1E|IF
20 2F
30 3F
40 aF
B0 55 |56 |57 |58 | 59 | 5A 5B 5F
60 (61|62 (63|64 65|66 |67 (68|69 |6A|6B |6C|6D |6E|GF
70| 71|72 |73 |74 |75 |76 |77 |78 |79 |7A |7B |7C | 7D | 7E | 7F
80 85 |86 |87 |88 | 89 |8A |8B &F
80 aF
AD AF
BO BF
co CF
oo| o1] b2 DF
E0| E1| E2 [E3 | E4 EF
Fo|F1|F2|Fa|Fa|Fs|Fe |F7|F8|Fo |FA|FB FC|FD|FE| FF|

its address. The shaded boxes are border cells.
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column) are set to hexadecimal FF. Each
cell with FF is a border cell and is ignored
by the rest of the program. The function
of the border will become clear later.

The initial pattern must be loaded by
some other loader program or through your
front panel. You simply draw the first
generation on a sheet of graph paper num-
bered as in figure 1, then set the address
of each line cell to hexadecimal 01.

Each byte looks like figure 2. Note
that only the two least significant bits
of each byte are used. Bit zero is a 1 if
that cell is alive this generation. If it will
be alive next generation, bit one is also
a 1. To make the next generation into
this generation, we need only shift each
memory location to the right.

The program is written to be simple —
not efficient or fast — and consists of six
main routines that are called repeatedly
for each cell (see listing 1). Subroutine
NCOUNT, for example, is called about
1,900 times each generation.

The first routine, BDINIT, initializes
the board (clears it and sets up border)
and then jumps to your loader to get the
initial pattern. After you have loaded an
initial pattern, you will want to write
it out on your terminal before the next
generation is computed. This is done by
routine  WRITE. The border characters
are written as a slash and the live cells as
a star.

Before a line is written, it is scanned for
live characters. If none are alive, a slash
and a carriage return are output, and the
next line is checked. This saves the com-
puter the task of writing a line of blanks
and can save considerable time in writing
out small patterns.

Now we have the board set up and
the initial pattern loaded and checked.
The computer is ready to calculate the
next generation. Since the status of a cell
(alive or dead next generation) depends
only on the number of live neighbors, the
program simply goes from one ceil to the
next counting the number of live neigh-



7 6 5 4 3 2 1 0

4—State this generation

State next generation

Figure 2: Bit zero is the
present generation bit. Bit
one is the next generation
bit. The rest of the word

bors. For example, if we are looking at the
cell at location hexadecimal 68, we would
check cells 57 thru 59, 67, 69 and 77 thru
79. This is done by subroutine VALCK.
When the routine is exited, register E holds
the number of live neighboring cells.

Next subroutine ESET is called. This
routine sets the next generation bit if
register E equals 3, clears it if register E
equals 0, 1, 4, 5, 6, 7, or 8 and sets it equal

is not used.

to the present generation if register E
equals 2. The only variation from this
procedure concerns the border cells. They
are treated as dead cells when counting
neighbors. If we are pointing to a border
cell when VALCK is called, the routine
is exited before any tests are performed.
To initialize the board, begin at BDINIT.
After you have loaded the first generation,
enter at WRITE, and your work is done.

Listing 1: The board initialization routine (BDINIT) sets the entire board (figure 1) to 00.

Next the border cells are set to FF. A jump is then made to the loader program to get the
initial pattern. Subroutine WRITE displays the board on the video display. Border characters
are written as a slash, live cells as a star. If your display doesn't scroll on a carriage return,
you will have to change this routine. The next generation is calculated by subroutine MOVE
by calling VALCK and ESET for each cell. After MOVE is done, routine UPDATE is entered
and the board is output. Update rotates each nonborder cell to the right. The next generation
bit moves into the present generation bit. VALCK is called by the main MOVE routine. MOVE
sets register pair BC to the address of the current cell. The HL registers look at its neighbors.
NCOUNT checks the cell addressed by register pair HL. If that cell is alive, register E is incre-
mented. This routine is called repeatedly by VALCK which sets up the HL register pair before
calling. ESET sets the next generation bit based on the contents of register E. ESET is called
after VALCK and determines the number of live neighbors.

Hexadecimal Hexadecimal Label Op Code Operand Comment

Address Code

0A00 06 00 BDINIT MV1 B,00 This part sets

0A02 68 MOV LB every byte of page

0A03 26 09 MVI H,09 08 to 00.

0A0S 70 CLEAR MOV M_B

0A06 2C INR L

0A07 Cc2 05 OA JNZ CLEAR

0AOA 3E 11 MVI A11 This section

0AOQC 06 FF MVI B,FF sets the top

0AQE 2E 00 MVI L.,00 row (address 00

0A10 70 TOPROW MOV M_B thru hexadecimal 10)

0A11 2C INR L to hexadecimal FF.

0A12 BD CPR L

0A13 Cc2 10 O0A JNZ TOPROW

0A16 2D DCR L L=10.

0A17 AF XRA A

0A18 57 MOV DA

0A19 1E 10 MV E,10 Number of cells per row.
0A1B 70 EDGE MOV M,B Add 10, move pointer down one row.
0A1C 19 DAD D

0A1D BD CPR L

0A1E Cc2 1B 0A JNZ EDGE Done when L = 00.

0A21 Cc7 RST 0 Jump to loader.

0A22 21 00 09 WRITE LX! H,00 09 Start of board.

0A25 0E OF BWRITE MV C,0F Number of characters per line.
0A27 5D MOV E,L Save starting address of this line.
0A28 AF XRA A Write a carriage return.

Listing 1 continued on next page.
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Listing 1, continued:

0A29 FF RST 7 Output routine.

0A2A 00 NOP

0A2B 00 NOP

0A2C 00 NOP .

0A2D 3E 2F MVI A,2F Write a slash (/).

0A2F FF RST 7

0A30 AF XRA A Clear accumulator.

0A31 2C TEST INR L Point to next cell.

0A32 B6 ORA M If alive value is nonzero.

0A33 0D DCR C Decrement character counter.

0A34 Cc2 31 OA JNZ TEST If not done with live go to test.
0A37 B7 ORA A Set flags.

0A38 C4 42 OA CNZ WRTLIN If register A nonzero, there are live cells.
0A3B 2C INR

0A3C CA 65 OA Jz MOVE Compute next move if done writing board.
OA3F Cc3 25 O0A . JMP BWRITE

0A42 6B WRTLIN MOV L,E Address of start of line.

0A43 OE OF MvI C,0F Restore character counter.

0A45 2C NEXT INR L Point to first nonborder cell.

0A46 . 7E MOV AM

0A47 FE 01 CPI 01

0A49 CA 57 OA Jz ALIVE Jump if cell is alive.

0A4C FE FF CPI FF

0OA4E CA 5D OA Jz SLASH Jump if border cell.

0AS51 3E 20 MV A Must be dead cell.

0AB3 FF RST 7 Write dead cell,

0AB4 c3 60 OA JMP OVER

0A57 3E 2A ALIVE MVI Al Living cell.

0A59 FF RST 7

OA5A Cc3 60 OA JMP OVER

0A5D 3E 2F SLASH MVI AL Dead cell or border.

OASF FF RST 7

0AB0 (¢]0] OVER DCR C Decrement character counter.

0A61 c2 45 O0A JNZ NEXT Jump if not done with line.

0A64 (02) RET

0AB65 OE 11 MOVE MVI C,11 Address of first nonborder cell.
0A67 26 09 MVI H,09 Page of board.

0AB9 44 MOV B,H Page of board.

0ABA cD 8A 0OA NXCELL CAL VALCK E returns number of living neighbors.
0A6D CD BD OA CAL ESET Set next generation bit of current cell.
0A70 (¢]04 INR C Point to next cell.

0A71 CA 77 OA Jz UPDATE Go to update routine if done with board.
0A74 C3 6A OA JMP NXCELL if not done go to next cell.

0A77 2E 0A UPDATE MV L,0A First nonborder cell.

0A79 7E LOOP MOV AM Get cell from memory.

0A7A FE FF CPI FF Border cell?

0A7C CA 83 0A Jz BRDR Then don't rotate.

OA7F 1F RAR Rotate next generation into this generation.
0A80 E6 01 ANI 01 Clear unused bits.

0A82 77 MOV MA Put it back.

0A83 2C BRDR INR L Point to next cell,

0A84 Cc2 79 OA JNZ LOOP Do next cell.

0A87 Cc3 22 0A JMP WRITE

0ABA 1E 00 VALCK MvVi E,00 E counts number of living around cell.
0A8C 0A LDAX B Get current cell.

0A8D FE FF CPI FF Is this a border?

OABF c8 RZ Skip all tests.

0A90 79 MOV AC Put address of cell in accumulator.
0A91 D6 1 SuUlI 11 Address of cell above and left of current cell,
0AS3 6F MOV LA Put new address in register L.

0A94 CcD BS OA CAL NCOUNT Test it.

0A97 2C INR L Point to neighbor above current cell.
0A98 CD B5 OA CAL NCOUNT Test it.

0A9B 2C INR L Neighbor above and right of current cell.
0ASC CcD B5 OA CAL NCOUNT Test it.

OA9F 69 MOV L,C Cell to the left of current cell.

0AAOQ 2D DCR L

0AA1 cD B5 OA CAL NCOUNT Test it.

0AA4 2C INR L Cell to right of current cell.

0AA5 2C INR L

OAAB CD B5 OA CAL NCOUNT Test it.

0AA9 79 MOV AC Cell below and left of current cell.
OAAA Ccé6 OF ADI OF

O0AAC 6F MOV LA

O0AAD CcD B5 OA CAL NCOUNT Test it.

0ABD 2C INR L Cell below current cell.

0AB1 CcD B5 OA CAL NCOUNT Test it.

0AB4 2C INR L Cell below and right of current cell.
0OABS 7E NCOUNT MOV AM Get cell from memory.

0AB6 FE FF CPI FF Border cell?

OABS8 Cc8 Rz Return if so.

0ABY9 1F RAR Rotate low bit into carry.

OABA Do RNC Return if dead cell.

OABB 1C INR E Count if alive.

0ABC c9 RET
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0ABD 0A ESET LDAX B Get current cell addressed by BC.

OABE FE FF CPI FF Border cell?

OACO c8 RZ Return if border.

OACH E6 01 ANI 01 Clear next generation bit.

0AC3 1D DCR E

0AC4 1D DCR E

0ACHS CA D2 0A Jz SRVIVE If register E is 2 cell will survive.

0AC8 1D DCR E

0ACY CA CE O0A Jz ALIVE If register E is 3 cell is alive next generation.
0ACC 02 STAX B Cell is dead next generation.

0ACD c9 RET

OACE F6 02 ALIVE ORI 02 Set next generation bit.

0ADO 02 STAX B Put back in memory.

0AD1 c9 RET

0AD2 RE 00 SRVIVE CPI 00 Cell dead now?

0AD4 02 STAX B

0ADS5 Cc8 RZ If dead, return.

0AD6 F6 02 ORI 02 If alive now, set next generation bit and put back in memory.
0AD8B 02 STAX B

0ADS Cc9 RET

any serious experimenting on. Many interest-
ing patterns run into the border; or if
you don't use the border, the left edge
compute the next generation is insignificant interferes with the right and top inter-
compared to the time needed to write feres with bottom. You will have to use
out and observe the pattern. | feel that the dual addition instructions and com-

Possible Improvements

In this program the time needed to

any effort to speed up execution just isn't
worth the trouble.

The first routine you should add would
be a better way to load the initial pattern.
If you have cursor control (up-down, right-
left), it should be easy to add a fast, easy
loader. A 16 by 16 grid is small for doing

plement arithmetic in VALCK, because
adjacent cells won't always be on the same
page.

I am interested in hearing about any
improvements to this program or about
any interesting patterns you may discover.
Have fun!m

SPECIALIZING IN

QUALITY MICROCOMPUTER HARDWARE

INDUSTRIAL « EDUCATIONAL ¢« SMALL BUSINESS « PERSONAL
BUILDING BLOCKS FOR MICROCOMPUTER SYSTEMS, CONTROL & TEST EQUIPMENT

2K ROM Pl i R I 248 16 K RAM
2K RAM & s rep=de W ) AN FULLY STATIC
3 Serial Ports ’ Ji i . &l MEMORY

1 Parallel Port

ECT-100-F
RACKMOUNT

CARD CAGES TT-10

TABLE TOP
MAINFRAMES

POWER SUPPLIES, CPU’s, MEMORY, OEM VARIATIONS N Rhame v IATE
HILLSIDE, N.J. 07205

ELECTRONIC CONTROL TECHNOLOGY (201) s85-8080

Circle 120 on inquiry card.

April 1979 © BYTE Publications Inc 169



Location

0000
0001

0002
0003
0005
0008
0008
000E
0011

0012
0013
0014
0015
0018
0018
001C
001D
001E
001F
0022
0023
0026
0027
0029

Op
Code

Operand

7E

0002
0001
0000
0002

0001
0001

0002
0002
E8

An Easy Way

to Calculate Sines and Cosines

Robert Grappel
148 Wood St
Lexington MA 02173

The instruction set of a typical 8 bit pro-
cessor can be quite confining at times. Any
task requiring more than simple integer addi-
tion and subtraction can become a nuisance.
There are reference books from which multi-
plication and division routines can be ob-
tained, and square root and other functions
can be built by using expansion, iteration, or
other well-known methods. Implementing
these algorithms on a microprocessor uses
much space and programming time. Trigono-
metric functions are among this class of

Label Assambly Code

* SUBROUTINE TO COMPUTE SINE AND COSINE
* AS SINGLE-BYTE INTEGERS [SIGNED)
* STEP SIZE OF 1/16 HADIAN, OR 3,58 DEGREES
* ACCURACY OF ABOUT 1% FOR RANGE O
THROUGH 20 DEGHREES

THETA RMB 1 *ARGUMENT TO FUNCTION
SINE RMB 1 "SINE OF THETA
COSINE RMB 1 “COSINE OF THETA
START LDA A #1286 *BEGIN INITIALIZATION

STA A COSINE

CLR SINE

LDA A THETA

LDA B COSINE *COMPUTE NEW SINE
CYCLE ASARB

ASH B

ASR B

AER B

ADD B SINE

STA B SINE

ASH B *COMPUTE NEW COSINE

ASH B

ASA B

ASH B

SUB B COSINE

NEG B

STA B COSINE

DEC &

BGE CYCLE *LOOP UNTIL DONE

RTS

Listing 1: 6800 routine for computing sines and cosines over the range 0 to

7/2 radians (0 to 90 degrees).
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difficult functions. However, if one can
tolerate accuracy of one part in 100, and
allow about 1 ms per computation, the
routine described in this article will provide
sine and cosine values in a very simple 40
byte routine. | have coded it for a Motorola
M6800 processor but it could easily be con-
verted to any other processor.

Theory

The algorithm is based on two trigono-
metric identities:

sine(f+s) = sin(6)cos(s) + cos(8)sin(s)
cos(8+s) = cos(f)cos(s) — sin(8)sin(s)

where 8 is the angle we are interested in and
s is a small step in angle added to 8. If we
make the step small enough, we can approxi-
mate sin(s) and cos(s) as follows:

sin(s) = s
cos(s) =1

Combining these four equations we get:

sin(6+s) = sin(6) + s cos(8)
cos(6+s) = cos(f) — s sin(6)

Solving for sine and substituting into the
cosine formula:

cos(f+s) = (1+s2)cos(8) — s sin(6+s)

Since s is very small, we can neglect s2 and
write:

cos(f+s) = cos(f) — s sin(f+s)

Given that we have values for sin(8) and
cos(f) at some point, we can get to any
other angle by stepping through the two
approximations, first computing sin(f+s)
and then using that to compute cos(6+s). We
choose to start at 8 equal to zero, and set
cos(f) to the largest positive value that can



be stored as a signed byte without causing
overflow when negated and decremented.
Hence cos(0) = 126. Similarly the sin(0) = 0.
The step size is chosen to be 0.0625 radian
or about 3.58°. The step size must be a
binary fraction so that all the multiplication
involved in the equations can be performed
by arithmetic shifts. If more accuracy is
needed, the step size is easily reduced by
introducing more shifts into the algorithm.

Program

The assembly code program for the Moto-
rola 6800 version of the routine is shown in
listing 1. When called with the angle stored
in variable THETA, it returns the sine and
cosine of that angle. The accuracy is quite
good for angles less than 7/2 radians (90
degrees). For angles larger than /2 radians,
other trigonometric identities can be used:

sin(8) = cos(n/2—8) = sin(n—6)
cos(8) = sin(w/2—8) = (~cos(n—6))

Thus, the sine and cosine of any angle can
be computed from the values over the range
0 to /2 radians. These identities can be
coded quite easily.

All the other trigonometric functions can
be computed from the values of sine and
cosine. All that is needed is an integer divi-
sion routine such as the following:

cosec(@) = 126/sin(6)
sec(f) = 126/cos(8)

tan(f) = sin(8)/cos(8)
cot(6) = cos(8)/sin(8)

Be careful of overflows and division by zero
problems.

This algorithm can perform other tricks.
It can generate continuous sine waves of any
desired amplitude, period, or phase. Coupled
with a digital to analog converter, it could
form part of a modem or synthesizer. |t
could simulate mixers, AM or FM modula-
tors, keyers, etc.

The maximum frequency it can generate
depends on the processor cycle time. A 6800
processor running with a 1 MHz clock could
generate a 200 Hz sine wave since there are
about 50 machine cycles per step, and about
100 steps per wave. Increasing the step size
to 0.125 radians would increase the maxi-
mum frequency to about 500 Hz. A step size
of 0.25 radians would yield a maximum fre-
quency of nearly 1050 Hz.

| hope that this algorithm will help pro-
grammers solve problems involving trigono-
metric functions, and that applications for
microcomputers will expand into new areas
where these functions are useful.®

The people who know more about
acoustic couplers know why
you should buy Datec.

The heavy-duty coupler 3 ... Datec did it.

There is a reason so many Datec customers are communication line technicians,
computer engineers and data processing experts. They recommend Datec for the
simple, solid state, rugged design that has proven to be more reliable than bigger
name couplers.

Acoustic coupiers are the work horses of a data communications system. They
should work every time, every day, so that you can instal them and then forget them.

No wonder communication line technicians have nicknamed the Datec 32 the
“heavy duty” acoustic coupler.

CRYSTAL GUARANTEED
CONTROL s Remove a few screws and the PC
controlied trans- e oillddhm:': board pops out. It couldn’t be skmpler.
nmwmam::m below 2% for the first 1000 “;':*Mht"“w.:‘mﬂmm
stability hours of operation. repiaced or repaired
. even In the ﬂ:"f’mlgymbdmwem questions asked during the first year.
t unfriendly [}
eieon ve sl - READILY AVAILABLE
. TALKS WHEN Datec 300 bps acoustic couplers are readlly
BIG EARS . IT RAINS avalable In both originate
ety son oo vbraton T Datec couplers e incuding the new Datec 212 1 B
and room noise. They aren't besutful, W hlnhm compatible. OEM inquicies are welcome.
but they work. 3 recaived lebels  Call Merrl Beth Tice for assistance.
b of -55dBm or ™
BURNEDAN b gl il PDaTec)
Datec may be the ompany that torture- . weak  DATECDIO .
mgmu&'ﬁwua,m mm?ﬁ:‘ﬁw B e i SO CTTT]
for 168 hours at clevated temperatures. of leaky, rain-soaked telephone cables. PO BOX 829, CHAPEL MILL, NC 27514, (919)967-5806
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S Leon Felkins
Engineering Technology
Memphis State Univetsity

W()ﬂdepg Digital Circuit Simulation e

JeskTop

Listing 1. TI-59 calculator program for the digital circuit simulator. The program in listing 1 was developed
for a TI-59 calculator to allow simulation or
testing of combinational logic circuits. The

41 72 RC# e e s
04z 10 circuit elements allowed and their identifi-
e 22 InY cation numbers are:
n44 5% INT
045 85 o+
5 -¥E (NEY 4% RCL
e g Y Number Type
e LEL 04s
35 1Y 749 20 AND
71 ZER 0s0 29 29
40 IHD 051 TS - 30 OR
09 09 05 a3 . 40 NAND
45 RCL 053 ot 50 NOR
a0 30 05 95 =
=5 - 055 22 Inv 60 NOT
156 57 EQ 70 XOR
[s7? ool
a1 ot 80 SR latch
a1
%5 ”;g Registers 11 through 25 are used to store
32 RTH the input values to the circuit. The circuit
2::: :ﬁjg; elements themselves are stored in registers
76 LEL 31 through 99. A code word is stored in
,1,5 E each register that defines its inputs and its
onoo0 function. The format used is:
3@ &PT
1210 0
'T XXYYZZ.V,
TO
10 .
where:

XX = Input Device 1
YY = Input Device 2
7 Device Identification Number
Listing 1 continued on opposite page. \Y Output of this device (0 or 1).

TELETYPES®

IMMEDIATE DELIVERY —
MODEL 40 300 LPM PRINTERS MODEL 43 TERMINALS

» Mechanism or complete assembly INTERFACES + 4310 RO (Receive Only)
+ 80-column friction feed s + 4320 KSR (Keyboard Send-Receive)
* 80-column tractor feed : E!A'R. 232 *» 4340 BSR (Buffered Send-Receive)
« 132-column tractor feed * Simplified EIA-like interface
- Standard serial interface INTERFACES
o » Parallel device interface « TTL Serial
FEDERAL &punications » EIA RS232 or DC20 to 60ma
11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644, = IBe R LRI id e
\TELEX 732211 TWX 910-860-5529 J
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Note that the complete code must be Listing 1, continued:
entered for each device. Therefore, for

the NOT device the same input number 119 10 10 i;i gg q?ﬁ gg; 3‘1‘ J ggé 3%
: 120 44 sUn § -
is entered for both XX and Y. o 121 10 10 175 22 INV 229 64 PD: 283 05
The minus sign is used as a code to indi- 122 B3 EX# 176 59 INT 230 10 10 gsg ‘Ig
cate that a device has been asserted. At the igi ég I>1<? i 3’15 X ggé gé EIU e &l
start of each run the machine automatically 125 22 INV 179 @0 U ggs Zg LB; gg; ;é
i iti 126 67 EQ 130 94 +7- 4 23 LN z
sets all registers to a positive Yalue. After 2 9 s 131 o5 = 538 87 IFF 535 17
the run is completed, each register should 128 76 LBL 182 4z 870 236 00 00 290 32
have a minus sign. The output value is given igg gg ?33 igg g? f'—' gg; 32 ng ggé gé
by the first digit to the right of the decimal 131 8¢ STE 185 00 O 233 30 30 §g3 .Ig
i : 186 00 0 240 91 R/S 4
point. 132 00 00 / 4
. L. . . 33 63 EX# 187 49 PRD 241 81 RSBT 29 61
The circuit itself is set up on the machine 134 10 ETE 188 27 27 242 76 LBL So6 42
by storing the appropriate values in registers 135 03 % }gg gg RZ% é:f i1t x’jT ggg Ig
) ! ' ; : ¥ 3y
31 and greater. Devices are assigned registers iSE 0_,' SITD 191 59 INT 245 01 1 299 22
consecutively starting with 31, in any order 132 10 10 192 22 INY 245 01 1 300 01
. H h fast 139 7é& LEL 193 44 SUM 247 42 70 301 07
desired. However, the program runs faster 130 23 we 194 =27 27 345 10 10 302 42
with consecutive assignments. A O stored in 141 43 RCL 1g§ gz 570 249 &1 GTO %03 10
a register tells the calculator that all devices P o B 220 32T e &)
have been processed. Therefore, you must be 144 01 1 }gg gg 22 ggg ?g LS'L ggg '{'g
. . . 145 9: = G R 1
certain that no reglster num.bers are skipped Bt ::-: PAU 200 3% SIN S5q 3o XiT 308 3o
and that the last valid register is followed 147 42 sTO 201 22 INY 255 a1 1 309 01
i i ini 148 10 10 202 59 INT 256. 02 2 310 03
with a r('iglster containing 0. ‘ ‘ 146 73 RCx 503 85 x 557 a5 sTo 311 42
The input values are stored into registers 150 10 10 204 01 258 10 10 3tz 10
11 through 25 by the following coding: 131 87 B9 RIS 220 Bl 313 &l
153 22 INV 23; 95 = 261 76 LBL 315 91
i _ 154 77 GE 2 4z sT0 262 13 C 316 76
logical 0 store — 1.0 155 33 xe 209 29 29 263 32 XIT 37 42
logical 1 store — 1.1 156 55 + 210 43 RCL 264 01 1 318 01
17 0t 1 211 27 27 265 02 G 19 94
. 1S 00 0 212 65 x 265 42 STO 320 v2
An alternate, and more convenient, method 1539 00 0 213 01 1 267 10 10 321 10
i i i 160 Q0 0 214 00 O 288 61 GTO 322 32
is available fqr registers 11 through 18. Just o 5o 515 o0 o0 2 G o s
enter the logical value, 0 or 1, and press one 162 as = 216 95 = 270 76 LEBL 324 a3
AtoD "toD’in 163 42 STO 217 59 INT 271 14 D 325 01
€lj a3 (a5 45 o D 6 & (0 1D I Z36elie FISE 164 27 27 218 42 STO 272 32 RIT 326 95
with the following assignment table: 165 59 INT 219 09 09 273 01 1 327 22
166 22 INHY 220 71 SBR 274 04 4 328 74
A 1 A 15 167 44 SUN 221 3§ 17% 275 42 S70 329 10
— == 168 27 27 222 B3 EX# 276 10 10 330 £S5
B—=12 B'—=16 169 42 70 223 10 10 277 61 GTO 331 01
—~ —~ 170 26 26 224 59 INT 278 42 570 332 00
C 13 c 17 171 73 RC# 225 74 SHe+ 273 76 LBL 333 99
D—=14 D'-»18 172 28 26 226 10 10 280 16 A° 334 91

RS
LEL
s70

/-
ST#*

XiT

X av

-

INY
SH#

10

NS X

o

THEMD@ THE INDUSTRY LEADER IN AFFORDABLE
HI-RES VIDEO ANALYSIS FOR ALL S-100

AND S-50 COMPUTERS

The DS-80 features full compatibility with the proposed IEEE S-100 standard and all current S-100 CPUs. New improved circuit
design enhances performance. The DS-80 offers random access video digitization of up to 256 X 256 spatial resolution and 64
levels of grey scale, plus controls for brightness, contrast and width. It is versatile enough to handle any video processing
task—from U.P.C. codes (above) and blood cell counting to computer portraiture and character recognition. The DS-80 comes
fully assembled, tested and burned in. Included is portrait software compatible with the Vector Graphic High Resolution Graphics
Dispiay Board.

Please allow two weeks for delivery. DS-80 for the S-100 bus  $349.95
DS-65 FOR THE APPLE-- Master Charge and BankAmericard DS-68 for the S-50 bus 169.95

COMING SOON!
P.O. BOX 1110 DEL MAR, CA. 92014 714-756-2687
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Set Up

33
i 32 )

>

Figure 1: Example of a digital circuit simula-
tion. All of the logic gates are numbered
sequentially. In this circuit there are three
inputs (11, 12, 13) and one output. The
set up of the registers is shown, along with a
truth table which is a result of running the
program and giving different inputs to 11,

Register Contents

31 111270

32 311370 13

33 323450 D
34 121260

35 323330

36 0

Truth Table

n 12 13 OuUTPUT

0 0 i 0

0 0 1 1

0 1 0 1

0 1 1 1

1 i i 1

1 0 1 0

1 1 0 1

1 ! ! 1 12and 13.

The circuit in figure 1 demonstrates the
principles involved.

Note that the code number for each de-
vice type is the actual line number for the
subroutine that simulates that device. Since
memory is at a premium, each device was
programmed in as short as possible sequence
that obtained the desired result. No attempt
was made to follow any structured program-
ming techniques!

Also, the calculator is programmed to
assert only those devices whose inputs are
connected to devices that are asserted.

35

Therefore, circuits with feedback (like the
crossed-NOR flip flop) cannot be directly
simulated. Note that program runs faster
in natural order of circuit evaluation.

This program uses some of the more
advanced programming features of the
TI-59 calculator, such as indirect address-
ing and flag operations. However, the
program is straightforward and should
be fairly easy to understand for most
novice programmers.

The advantage of the simulator, of
course, is the ease of setting up and
quickly changing any reasonable circuit.
No power supply is required and no pur-
chasing of components is required until
the circuit is thoroughly acceptable on
the simulator.

The program is stored on both edges of
one card. The data on a particular circuit
can be stored on a card by pressing ‘3
2nd Write.''s

Now users of the most popular microcom:
puters can add truly massive disk storage to their
systems with MicromationsMegabox. It features
dual 8"drives with double density recording to
provide over one Megabyte of disk storage. Or you
can choose optional double-headed drives to
provide over two megabytes. Micromation is a
leading supplier of floppy disk systems for micros.

A TRS-80" compatible Megabox plugs
directly into the TRS-80. This version of Megabox
includes provision to add up to 32K of RAM to
your TRS-80" system, so you can have up to 4
Megabytes of disk storage and 48K of RAM without
an expansion interface. This Megabox brings big
system performance to your system at one-third
the cost per byte of mini-floppy systems.

Our SOL™version of the Megabox installs with-
out modification, and the software is all ready to go.
Micromation's double density recording gives you
nearly twice the storage of the Helios" at a sub-
stantially lower price —and most importantly, you
can run CP/M* soyou have access to the broadest
range of software available in microcomputing.

Combine an Exidy Sorcerer* with a Megabox
by plugging the controller into the Sorcer's* S-100
expansion bus. Boot from our Sorcerer® system
diskette and you're up and running without any
modifications to your hardware or software.
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Megabytes for

Our DOUBLER double density floppy disk
controller features true double density recording
with a capacity of 512K bytes on each side of the
diskette. Doubler systems are easy to install and
use. A hardware UART is included on the controller
to provide instant system communications. The
controller can do a power-on-jump to the on-board
PROM bootstrap. And its fast and reliable because
the board's hardware includes a phase-lock
oscillator and CRC error detection circuitry.

Micromation disk systems are designed to run
CP/M; the industry standard operating system.
You can choose higher level languages such
as MBASIC, CBASIC, FORTRAN, COBOL, or
PASCAL. And there's a wide selection of business
application packages to choose from.

Megabox systems open new opportunities
for owners of todays most popular microcomputers.
They feature the highest available capacity,
performance, and reliablity. And they are com-
patible with your system. But best of all, at $2295
a Megabox is priced for value. Ask for details at
your local computer store or contact Micromation,
1620 Montgomery St., San Francisco, CA 94111
or phone (415) 398-0289.

The Megabox with 1,000,000
existing software to easily keep a



BYTE's Bits

Another Life

I've discovered a fourth glider and
two new oscillators for Jonathan Millen’s
“One-Dimensional  Life”” (December
1978 BYTE, page 68). The new glider
has period 5; it evolves from hexa-
decimal location 65F. My first new
oscillator can be made by starting with
either 394F or 22 cells in arow — it has
period 13. The other oscillator, with
period 21, has the ancestor 12157.

Paul Heckbert
4 Ames St, H303
Cambridge MA 02139s

Call For Papers: Sixth Data Communi-
cations Symposium

The Sixth Data Communications
Symposium, scheduled for November 27
thru 29 in Pacific Grove CA, will concen-
trate on the design of systems for net-
work user services. Original research and
development papers are being solicited
for topics related either to the applica-
tion of specific technical issues that

arise from the application nature of a
data communication system, or to the
application of general technical problems
that are directly applicable to the plan-
ning, analysis, and design of the systems
across the boundary between applica-
tions. Four copies of a completed paper
and a 500 word summary should be sent
no later than April 1 to Dr Wushow
Chou, North Carolina State University,
Computer Studies Program, POB 5490,
Raleigh NC 27650. Include name,
address, phone number, and affiliation.
All papers will be refereed and authors
of selected papers will be notified by
June 1, 1979. All papers accepted for
presentation will be published in the
conference proceedings.»

Data Transfer

It is practical to transfer programs
directly from one microcomputer to
another computer over the telephone
without intermediate storage by using
readily available equipment. Specifically,
I have read TRS-80 BASIC programs
into the CSU-Long Beach PDP 11/45
operating under RSTS. The terminal
used was a 33 ASR Teletype with an
A] 260 acoustic coupler. The Small
Systems Hardware RS-232 interface
unit was used to output from the
TRS-80.

Many terminals have an auxillary or
similar connector for attaching other
RS-232 devices to the terminal. The
trick is to connect pin 3 of the TRS-80
RS-232 output to pin 2 of this plug.
(Normally, pin 3 would be connected
to pin 3 of the auxillary connector if
the terminal is to be used as a printer.
The other pins connections remain the
same but probably only pin 7 is needed.)
After establishing contact with the PDP
11/45 an LLIST command to the TRS-
80 causes it to output directly to the
PDP 11/45. In my case, the PDP 11/45
checked each statement as it was entered
and could send back error messages to
the Teletype. Since the operation was
full duplex without echo this did not
interfere with the data transmission
from the TRS-80. If a half duplex sys-
tem is used it is essential that there be
no turn-around on the line during trans-
mission since the TRS-80 does not stop
until the end of the LLIST. The program
is immediately executable on the PDP
11/45.

A 10,000 byte program was trans-
mitted in 17 minutes at 110 baud.
Obviously a higher rate could be used
to speed up the process.

Dr Edward M McCormick
13100 Chapman, Apt 3-113
Garden Grove CA 92640s=

TRS-80, Sol, Sorcere

byte storage capacity can be operated with
general ledger, accounts receivable, and payable.

Circle 223 on inquiry card.

*TRS-80isa TM of Tandy Corp.
SOL and Helios are TM's of Processor Technology Corp.
Sorcereris a TM of Exidy Inc. CP/M is a TM of Digital Research.
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The Power of the

HP-67 Programmable Calculator, Part 2

Listing 1: A simultaneous equations program which can solve
systems of up to nine equations in nine unknowns. Listing 2
explains how to run this program.

PROGRAM TITLE:

Simultaneous Equations

APPLICATION:

Solves syitems of up to 7 simultaneous eqguations,

PROGRAMMER: Bob Arp

DATE: 12-16-7%

9 |1 oan

248 13 a7

REGISTERS
Eas |73 [Fa2 [Ta1

EL e

S2 a8 |53 a7

a6 |7 s
SE 2 155 an 50 a6 [57 an [ & a2 [P a1

¥

& #Ezs in [¥ Pri reg
Symtem Pointer

|

T Sec reg
Pointer

T Pivotal [|F Equation |L Wisc
Eg Counter Countar Storags

LABELS

FLG SET STATUS

A Part

1 Start | Pivide

2 Mult/
Subtract|2 Start

& 3,/
initial

b Clear
RO-R9 tn

C Recall|d Mult,” |e 1 FIX

m

o Fart IR Mult/ [0 | PLAGS |qpig | pise

Subtract oN 6??4

Sub LQFF DEG

Loop

0 Divide |l Test D Z Mult

Loop

3 tnil |G Sub 5 SCI

Sub n Loop GRA ENG

5 1st  Inc ES |7
term loop| Dec D X

Diep
#

B Call 9 Dlip il
next piv| Xn RAD | |y N

HUM PROGRAM CODES
54DD| NUMERIC

SYMBOLIC

DEFINITIONS AND REMARKS

ool 2:I1 [ f JLBL
Bhe N EIlT

i A
N E | I |CLR| REG

With the number of system equations keyed
into the calculator, pressing A initializes

31 |2 B

PiS

part 1 of the program by clearing all re-

1
31|63 | £ |CLR

REG

gisters, storing n, programming the display

3523 h

ENG

and calling for the first pivotal equation

33 |1t STO
01 =

ikl U STO

27 o5 DSP

15 |22 n

ST[25 17 | T [LEL

mary registers, pressing B causes each co-

G0 L RCL

12f22 fit | = [GSBISf

efficient of the equation to be divided by

3315 570

its pivotal term. The results are stored

=1 [24 00 | T [LBL

in the secondary registers, and they must
be stored on a data card labeled 1A(Z),

L2 Rl

where 2 is the number of the current system

AFAEABEFRLEAN

of equations

[ELEL ] AGL

Lrl B Lt Lol =8 = R B i

=l
[\
=
=
E
I
o3
=
-

5 ]
|EER L] STO

|

I iz RCL

>
[=]

22 |01 STh

Decrement register pointers and return to

'beginning of loop.

3y 25 ai] f[LEL

Eﬂbn all pivotal equations have been dl- |

lvided by their pivotal term, Jump to dis-

play n loop.

>
s

Tnitiallze equation counter and clear pri- |

mary registers RO-R9,

+| | ol ol alod | f=]all |-
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Listing 1 continued on opposite page.

Example Program

Last month | described the features and
performance of the Hewlett-Packard HP-67
and HP-97 programmable calculators. This
month | conclude with a practical applica-
tion program. | have chosen for an example
a program which uses the more powerful
HP-67 operations. Likewise, | have chosen
to write a program which will provide the
solution to a general set of simultaneous
equations, traditionally one of the most
laborious mathematical solutions to ob-
tain, yet one of the most useful solutions
in electrical engineering.

The HP Math Pac contains a program
to solve four simultaneous equations in
four unknowns by Gaussian elimination,
and the Standard Pac contains a program
to solve three simultaneous equations in
three unknowns by matrix operations.
The program shown in listing 1 solves any
system of up to nine simultaneous equa-
tions in nine unknowns by the method of
“Gaussian elimination using the largest
pivots.” [Because of its efficiency, the
Guassian elimination pivot method is a
popular method for solving simultaneous
equations. The term ‘“pivot” refers to the
(r, r), a diagonal element of the coefficient
matrix during the rth step of the process.
This method is discussed in a number of
numerical methods books. See also the
reference at the end of this article. . .CM]
The primary utility of this program would
be in calculator aided design.

When the analysis of an electronic system
is based upon a linear model, the unknown
quantities will usually appear only to the
first power, and the coefficients in the
equations will usually be constants. Such
a set of n equations relating n unknowns
can be expressed in the form:

Equation 1: A1>(1+A2>(2'0-...'0-An>(n = Y1
Equation 2: B1X1+82X2+...+ann = Y2
Equation 3: ... .
Equation n: my X1+m2X2+...+man =Y,



Robert C Arp Jr
3961 Acapulco Dr
Campbell CA 95008

in which each X is an unknown quantity, the
m terms are the coefficients of the un-
knowns and the Y terms are tHe right-hand
sides of the equations.

The Gaussian Elimination Pivot Method

To solve a general system of simultaneous
equations by Gaussian elimination using the
largest pivots, perform the following steps:

1. Inspect the coefficient (A1, B1,..m1)
of the first term (X;) in each of the system
equations. The equation having the largest
coefficient (in absolute value) of the first
term is taken as the first pivotal equation.

2. Divide the first pivotal equation,
equation 1(1), by the coefficient A1 of its
first term X7. The result will be a new
equation, equation 1A (1), in which the
coefficient of the first term is 1. (The digit
enclosed by parentheses in each equation
label indicates the number of the system to
which the equation belongs.)

3. Multiply equation 1A(1) by the
coefficient By of the first term X; of
the second equation, equation 2(1) to
obtain the new equation, equation 1B(1).

4. Subtract equation 1B(1) from the
second equation, equation 2(1), to eliminate
the first term of equation 2(1). The resulting
equation will be one of the equations in a
new system with n—1 equations in n—1
unknowns.

5. Repeat steps 3 and 4 with each of the
remaining equations in the original system.
The set of equations, for which the first
term has been eliminated, forms a new
system having n—1 equations with X9,
X3,.. X as unknowns.

6. Inspect the coefficient of the first
term in each of the new system’s equations.
The equation having the largest coefficient
(in absolute value) of the first term is taken
as the next pivotal equation.

7. Divide the new pivotal equation by the
coefficient of its first term. The result will
be a new A equation in which the coefficient
of the first term is 1.

8. Multiply the new A equation by the

Listing 1, continued:

MUNL=-_PROGRAM CODES DEFINITIONS AND REMARKS

ADD| NUMERIC SYMBOLIC

D“ﬁ.‘ BT STo| E

(60| 34 25 12] g]GSBIT B

[ i 01| f] W/|DATA

ohia] ik I h | RTH e e g g - J—
5071 3 25 13| fliBL| € [With %he coefTiclents of equation 1A(Z)

DEE] 33 27 11| F|GSE|f a |stored in the secondary registers and the
ko 35| 20 aL | 11T |coefficients of each remaining equation in

[G50] 31] 25/ 0] F|LBL]| & [the current system stored, in turn, in the

I GAL | {premary registers. preasin% C causes each

o5t Ja 13 : = _lcoefficient of equation 1A(Z) to be multi-
a52| 3% 29] 13| m|GSB [T & | i1jed by the first coefficient of each re-
051 ael G2 h | I |naining equation, in turn, to yield a new
Gty 71 % _|equation, 1B(Z), where Z is the number of
055 | 33 24 STO | L] [the current system of equations. Equation
h5h ol 1 |1B(Z2) is then subtracted from the current
057 oo ] remaining equation, eliminating the first
DoE 0] 1 RCL | O coefficient of the current remaining equa-
= L] tion. The result of processing a system in
D55 o 51 2 | #=Y |¢this manner is a new set of equations which
(17 24 o3 GT0| 3 lhas a number of unknowns that is one less
[T 15 82| h|LST than the number of unknowns in the system
[ 3 17 RCL| [ |that is presently being processed.

(5] o1 i

OEL IED -

3] 17 STo| ©

0&6 19 53 3] v

T N ) .20

068] 91) 25/ 03] £ |LBL 7

agnl 32 22] 11 £]GSBIf a

o7a] 31l 25/ of| £[LEL] N

Q71 512 ACL B

ay2 3 22l 13 £]GSEf ¢

973 3413 RCL [

ofsl 38 22 13] gIGSB If &

avy 51 -

a7& 93] 25 STO | 111

{I“-'"E (51 1

[¥i 0 [i]

a79 1] RCL [ T e N e ==
aEa 32 51 z | X=Y [If all ferms of the current eguatlon have
081 22| 25| |GTO| =& [ueen processed. jump to fLBL i

[1:H] Gi] | | 1 |oecrement register pointers and return to |
[LF] B - lbeginning of loop.

LI il 13 ST0o| C

[LF] iy iz RCL | #

LT 1 i

ity 51 -

DEE] 3912 STo] B

GEY| FE L ofo| o . e - )
Thn| 1] 24 05| F|L8L | 5 [itores the address of the fIrst coefficient
[FL 3] 3 14| [REL| D Jof each_equation of the new system in re-
[TH [it] 1 |eister I

L1k &1 -

[0 39 1k STo| B

[ 11 RCL A

| O FLELY RCL [ O

| ooy g =

poasd 4 joil L 1

| (i3] i

oo Bl .

[ 34 33 h |57 1T

(302|714 [ST0[ D

107 01 1 1

10% 51 =

167 i 1h |[ST6| D R
106 LN LD RCL | (1] [Fecalls the first coefficient of each equa- |
107 R A k| Al [tion of the new system, stores the absolute
100 3933 T |57 1|value of the coefficient in I and displays

1om ST T ~¥-|the absolute value for 5 seconds with a

L iﬂl 1 RCL i flashing decimal point,

11 34 15 RCL| & |If all equations of the current system have
112 FEET A=t |[peen processed, jump to “call for next piv-
T1H 22 Of G*O Flotal equation.*®

115 | K0 1 A e e —— —— - ——— v 1|
11% | a1 + |Update E register and clear primary regist-
116 33 14 STO| E |ers RO-R9,

117 93 2% 12] #[GSBIf b

114 41| f| w/oaTA

iig 14 22 h | RTN

20 91| 24 oB| T|LBL| W S
21| 7324 12| k[GSB|f i |[Falls for the next pivotal equation. =]
122 38 1b] [RCL| ©

123 [i1 1

125 &1 *

125 1 14 RCL o

1 28] 3] 1] f| W/ [DATA

127 34 77 h|RON]
128] 3| 24 o] f|LBL| © |bisplays n with flashing decimal point in a |

129 T4 (11 RCL| A | continuous loop when Xn has been computed,

130 11 |84 £ -x-]

Listing 1 continued on next page.
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Listing 1, continued:

NUW[  PROGRAM CODES

DEFINITIONS AND REMARKS

ADD{ NUMERIC | SYMBOLIC
t1 | J22]os [GTH o
T;E Al RS|
333125t [ T LBL] D [Stores Xn in Rl and initiates second part |
11l a1 (B2 7 | Pi§| of program.
135 F&o0] | RCIl O
136 13 [m st 1
157 T
13F 33|00 ST¢ O
138 at 1
1hd Rl Stal  E
151 55 |22 n|®O®
1hz131[25[t5] [ LIL] ¥ | As each 1A equation is stored in the sec-
153 ol | | ondary registers, a new unknown is computed
1 5% ) 4| and stored in a primary register until all
"’"& J‘]:_I:I- h ST 1 unknowns are stored. See the calculator
- — RUN worksheet for the method of storage
T ELTE RCL [i]]
10Y 37 ]aaf STa @0
RN H | L
&0 [33]iz] ST =
L50 ] [0 ] 1
151 ol 1
152 13113 3Ty €
153 [12[25A4] g LEL £ &
155 oo AClL O
133 iz HOLL W
156 32|21 | | OSE F o
157 LT3 AG1 [
Tef 3222|137 | GH T ¢
159 § 7 x
160 ] 51 =
161 33 [a4 2T o
162 LI F] R E
183 WEE BCIf &
155 32|51 [ I=7|
taq 22[a aTa [
[E8 ITE 5L B
1 &7 5] 1
[ 3] -
189 33412 ST 0
fiya 13013 RCI{ €
i a1 |
& (i) =
173 3313} 5T0 €
figh (20 ik |@®tf @l __ __ o _ _|
nFs[|29[of | £ La:g & | Updates registers D and E.
76 3415 RClL E
177 at 1
178 a1 + |
s [TEs ] I
1EQ 35133 h |ST T
TEL[ |34 [00 RCL|_ o
18z 37 [&h STa] {1}
157 EL RCL 1]
1B E] o 1
LEa 1 -
tag (3310 s o) _ _ _ ]
L[ [25[c7 | T[LBL| 7 [Displays the number of the unknown X which
184 L1k RCL| D ]has been computed in a continuous loop.
THa | A1 T | -x-
197 207 GTO| 7
1al Tl ¥ | N S S
192[32 25|11 [ £ | TBL|f u |SUBROUTINE a: Initializes B and C regist-
197 1 RCL]| & [ers every time a new pivotal equation is
T 3010 RCL O | stored in the primary registers and B is
104 1 = pressed: Initializes B and C registers
-ﬁs — g'i' - = "-.I-*-' every time a new equation of the current
system is stored in the primary registers
L1571 E1 —* _and C is pressed, or program control jumps
_% 35|33 h |ST Il ¢o subtract loop.
[ 3312 STO| B
200 o1 1
EY oo 1]
202 51 L |
20 I3 [13 STo| &)
BN 35 |22 h | RTAI

205 32|25 12 ] ¢ [ LBL[ T b |

TUBROUTINE ©: Resets primary registers
RO-R9,

F00 (13 o
207 11 |oo aTd o}
FaliL | 33 01 ST 1}
2am 99 (68 st 2]
2La 3343 ki) )
211 [ STQ [
212 [ 510 =
2] [ STH] &
LW (33107 ETC| 7
Z15 [331)0R| | &T0| B
218 33 (0% STO| %
21l [16]23 n | RIN
|2td[32]25 13 | g |LBL|f ¢
219 135133 h|ST 1
i
i i 120 L
EE 5122 h | RTN
227 ih R/S|

Calls each term of equation being processed
in proper order,

1|
EALCULATOR PROGRAM

CONTINUATION WORKSHEET
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coefficient of the first term of the second
system equation to obtain a new B equation.

9. Subtract the new B equation from the
second system equation to eliminate the first
term of the second system equation. The
resulting equation will be one of the equa-
tions in a new system which has one less
unknown than the system being processed.

10. Repeat steps 8 and 9 with each of
the remaining equations in the system being
processed. The resulting set of equations,
from which the first term has, again, been
eliminated, forms a new system of equations
having one less unknown and one less equa-
tion than the preceding system.

11. Repeat steps 6 thru 10 until a final
set is obtained which consists of the single
equation:

Being the only equation in the system, it
must, of course, be the pivotal equation.
When this pivotal equation is divided by the
coefficient of its first term, the value of
Xn will be known.

12. The value for X must then be sub-
stituted into the (n—1)A equation and the
equation must be solved for X(n=1)-

13. The values which have been obtained
for Xpy and X&n_” must then be substituted
into the (n—2)A equation and the equation
solved for X(n—2).

14. Continue in this manner until the 1A
equation is solved for X1 of the original
system of equations after substituting the
values obtained for all other unknowns.

15. The solution should be checked by
substituting the values obtained for the
unknowns into each equation of the original
system, performing the indicated multi-
plications, additions and subtractions, and
comparing the left side of the equation to
the right side. They should be reasonably
close to equality.

In electronics engineering, the system of
simultaneous equations could be the result
of writing the mesh equations for a circuit
such as that shown in figure 1. The nine
mesh equations for this circuit are listed
in table 1.

The system of nine simultaneous equa-
tions for the circuit are shown in standard
form in table 2. The first pivotal equation
is equation 1. The unknowns in a system of
mesh equations are the currents. The right
side of each equation is a summation of the
voltage sources in the mesh represented by
the equation.

The instructions for running the simul-
taneous equations program in listing 1 are
shown in listing 2. Using the system of nine



Circle 222 on inquiry card.

AVAILABLE NOW

m* $1695 1.1.810 printer

e 150 cps bi-directional impact printer
e Tractor feed, 3" to 15", up to 6-part
e Programmable forms length

e EIA RS-232 serial, 110-9600 baud

e Upper/lower case, 24 X 80 12" display

Options: e Numeric keypad, cursor control keys
* Upper/lower case $90—Stand & paperbasket $135 e RS-232 interface plus extension port
» Forms Length Control $90—Vertical Format Control $180

» FLC/Compressed Print $180—VFC/Compressed Print $270 Need more inte"igence?

Need Ia” ‘i‘e)‘(as’ Instruments portable, ASR or KSR? SOROC 1Q 140 s] 345

Call MICROMAIL FROM MICROMAIL

To order: Send a certified check or money order. Personal or
company checks require two weeks to clear.

Handling: Less than $2000, add 2%; over $2000, add 1%.
Tax: California residents add 6% sales tax.

All terminals shipped freight collect In original carton with
manufacturer's warranty.

Write for tree catalogue

(1620 pictured)

Dt LT - 1T AL A .

e RS 232 serial, 110 or 300 * HyType Il daisywheel printer MICROMAIL » BOX 3297 « SANTA ANA, CA 92703
baud e RS 232 serial, 110-1200 (714) 731-4338
e 12" X 8'%2" pin-feed paper baud

with an expanding product line

The Electro Optics and Devices/Solid State Division, Lancaster, PA, has a position available
for a Marketing Manager for our personal computer products.

Individual should have experience in the personal computer industry in sales or marketing,
engineering experience also desirable and a college degree is preferred.

T 5 Responsibilities:
v ‘ Distribution

Merchandising

Product Planning

Liaison Between Sales and Engineering
25% Travel Involved

Send resume in confidence to:
C. E. Hyde, Manager, Employment
i S RCA Corporation
e New Holland Avenue
TIL3IdL =
Lancaster, PA 17604

Competitive starting salary plus company paid benefits.

An Equal Opportunity Employer M/F

— _Opportunity for growth in a dynamic market— ||
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Mesh 1:
Mesh 2:
Mesh 3:
Mesh 4:
Mesh 5:
Mesh 6:
Mesh 7:
Mesh 8:
Mesh 9:

equations (table 2) in a sample run of the
program, listing 3 shows the contents of the
registers at various points in the program,
and listing 4 summarizes the original co-
efficients of the equations plus the cal-
culated currents.

A ““check” program and its instructions
are shown in listings 5 and 6. Note that the
quantity obtained for the left side of the
equation may not be exactly equal to the
right side due to round off approximations.

The “simultaneous equations’ program
of listing 1 calculates the values of the un-
knowns for any system containing no more
than nine equations. The program is listed
on calculator program worksheets upon
which the addresses of program memory are
preprinted. In addition, the program work-

40+ 119 +2(19 —12) +3(11 —13) =0

2(l3 — 14) +412 +5(lg — 14) +6{l2 — 13} =0
3013 —19) +6(13 —12) + 7{I3 —15) =0

5(lg — 12} + 814 +9(l4 — 1g} + 10{l4 — Ig) =0
7{l5 —13) + 10{lg — 14) + 11{I5 — 17) =0
3llg — I4) + 121g + 13(1g — Ig) +14(lg — 17) =0
11(l7 — 1g) + 14{17 — Ig) + 15(17 — Ig) = 0
13(1g — 1g) + 1BIg + 171g + 18(ig — Ig) =0
15(lg — 17) + 18(lg — I1g) + 191g =0

Table 1: The nine equations for the circuit shown in figure 1.

1 R4 R8 RI2 RI6
i Py 2 16
R232 R535 R9S9 RI3 313 RI7 S17
< < <
12 14 Ig Ig
=aov o e B e
\ 6 10 14 18
1"I > > b S
R3$3 R7$7 RIISII RIS $I5 RI19$19
< < < 1
13 Isg 17 Ig

Figure 1: An example of the type of circuit for which nine mesh equations
may be written. The resulting system of equations contains nine unknown
currents.

Equation 1: 614
Equation 2:-214
Equation 3:-3)4
Equation 4: 0l
Equation 5: 0l4
Equation 6: 0l4
Equation 7: 0l
Equation 8: 014
Equation 9: 0l4

-2l9
+1712
—6lg
=5lg
+0l9
+019
+019
+019
+019

—3l3 +0l4 +0lg +0lg +0l7 +0ig +0lg =40
—6l3 514 +0lg +0lg +0l7 +0lg +0lg = O
+1613 +0l4 —7lg +0lg +017 +0lg +0lg =0
+0l3 +3214 —10lg —9lg +0l7 +0lg +0lg =0
=711 -10l4 +28lg +0lg —1117 +0lg +0lg = 0
+0l3 -9l +0lg +48lg —1417-13I1g +0lg = 0
+0l3 +0l4 -11lg—-14lg +4017 +0ig—16lg = 0
+013 +0l4 +0l5—13lg +0l7 +641g—18lg = 0
+0l3 +0i4 +0lg *0lg -—1517-18Ig +52l5 = 0

Table 2: The nine simultaneous equations for the circuit in figure 1, shown
here in standard form (ie: with the variables arranged in order for each
equation).
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sheets have labeled columns for listing the
symbolic key codes, the numeric codes
which appear in the display for each step of
the program, and a column for comments.
The first page of the set of program work-
sheets contains prelabeled blocks which
allow other useful information about the
program to be stored. For example, the first
section of listing 1 contains the following
information  about the simultaneous
equations program in abbreviated form:

A. Registers

1. Registers RO thru R9 and RSO thru
RS9 are used to store constants in
a sequence that is reversed from the
order in which they appear in the
equations of each system. Note:
Processing the first system (n
equations) yields a system of n-1
equations; processing the second
system (n-1 equations) yields a sys-
tem of n-2 equations; . . . proc-
essing the nth system (1 equation)
yields Xp.

2. Register A is used to store the
number of equations in the orig-
inal system of simultaneous
equations.

3. Register B is used as a pointer for
the registers RO thru R9; register
C is used as a pointer for the reg-
isters RSO thru RS9. Registers B
and C are decremented in a man-
ner which allows constants to be
indirectly recalled from the primary
and secondary storage registers so
that, using these constants, math-
ematical operations may be per-
formed upon each equation of each
system.

4. Register D starts at 1 and counts
the number of pivotal equations
that have been divided by their
first term. When D=A, all pivotal
equations have been processed, and
Xp has been computed.

5. Register E starts at D+1 and counts
the number of equations in each
system that have been processed.
When all equations of a system have
been processed, E=A and the dis-
play calls for the next pivotal
equation.

6. Register | takes care of miscel-
laneous temporary storage.

B. Labels

The main program has two parts
which are actually subdivided into
several smaller programs. Furthermore,
most of the subprograms contain one
or more subroutines which are used to
conserve program steps.



Personal Computing...
It All Comes Together at NCC °79.

Only during the National Computer Conference will

you have an opportunity to experience personal
computing to the fullest. And that's why the
1979 Personal Computing Festival,
June 4-7 in New York's Sheraton
Center Hotel, formerly the Ameri-
cana, is different. As a conference
within a conference, it will give
you the chance to explore the
complete spectrum of information
processing while concentrating on %
those aspects of personal computing i,”
you won't want to miss...including b
equipment, applications, ideas,
and new developments that
have created excitement
throughout the entire com-
puting community.
Only at NCC '79 will you
find such a panorama of
computer products on
display..ranging from
micros to maxis, from
processors to peripherals.
Included will be the latest
innovations in low-cost
computing for business,
professional, and home use. :
Against the backdrop of the Y
prestigious NCC, the Personal BE‘
Computing Festival has attracted many ¢
well-known experts and personalities who will
participate in an information-packed technical
program and compete for prizes for the best
presentations. Join them in exploring applications
ranging from use of small business systems and
financial analysis to personal networking, new
information utilities, and aid to the handicapped.
You will also have ample opportunity to discuss
new ideas and novel approaches to shared prob-
lems, to find out what to expect in the year ahead,
and observe interesting and clever applications dern-
onstrated by the individuals who developed them.
Plan now to take part in a unique personal comput-
ing experience at NCC '79. You can register for the
Festival at the Sheraton Center Hotel, 52nd Street
between 7th Avenue and Avenue of the Americas,
for only $15 which includes your copy of the

\NCC'79

7> PERSONAL COMPUTING FESTIVAL

NCC '79 Personal Computing Proceedings. Reg-
istrations, excluding the Proceedings, also are
available at $5 for one day and $9 for all four
days. The Proceedings will be available separate-
ly at $8. For additional information on NCC '79,
including housing and registration procedures,
contact AFIPS, 210 Summit Avenue, Montvale,
N.J. 07645; telephone 201/391-9810. To obtain
information on the special NCC Travel Service
call toll-free 800/556-6882.

c/o AFIPS, 210 Summit Avenue, Montvale, N.J. 07645
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Listing 2: Detailed instructions for running the simultaneous equations

program in listing 1.

182

PROGRAM TITLE:

Simul taneous Equations

APPLICATION:

Solves Systems of up to 9 equations

PROGRAMMER.

Bob Arp

DATE:

12-16-76

STEP
INO.

INSTRUCTIONS AND
REMARKS

INPUTS

OQUTPUTS

LABEL

KEY

DISPLAY

CARD

1.
2.

10.

11.

12,

13,

14,

15.

16,
17,

18,

Turn calculator on.

Place W/PRGM-RUN switch in RUN
position.

Insert side 1 of program card
labeled "Simultaneous Equa-
tions".

When crd appears in the dis-
play, insert side 2.

Key in number of equations in
the system.

Press A,

The "1.00000 00" which ap-
pears in the display calls for,
the coefficients of the first
Yivotal equation to be stored
n the primary registers.
Store A1(1) in Rn, A2(1) in
Rn-1,...,An(1) in R1, and
Y1(1) in'Ro. Coefficients
which are zero need not be
stored. The “(1)" refers to
the first system,

Press B.

When crd appears in the dis-
play insert side 1 of card
1A(1), where "(1)* is the
number of the current pivotal
equation (and system) being
processed.

When crd appears again, insert
side 2 of card 1A(1).

Store the coefficients of the
second equation of the first

system in the primary regis-

tgfii Store Bi(1) in Rn,

B in Rn-1,...,Bn(1) in R

and v2t) Gt ge; Bn(1) dn RE

Press C,

When flashing decimal point
appears, record the absolute
value of the coefficient for
the first term of each equa-
tion, w, of the new system, 2,
as it appears in the display.
If the coefficient is missed
while the decimal point is
flashing, it may be recalled
by pressing h RCI after step
15, before proceeding with
step 16,

When crd appears in the dis-
play, insert side 1 of card
W(2¥.

When crd appears in the dis-
play again, insert side 2 of
card w(2),

Insert side 2 of card 1A(1),

When crd appears in the die-
play press CLX,

Store the next equation of the
current system, 1, in the
primary registers, Store
mi{x) in Rn, m2(x) in Rn-1,
..e,mn{x) in Rl and Yx in RO,
where, x is the number of the
equation in system 1 cur-
rently being processed,

Listing 2 continued on next page.
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START
PART I

DIVIDE

MULT/SUB.

1A(1)

In
General,

AL (1
STO

n
A2(1
STO
n-1
lAn(1 )
sTo
1
Y1(1)
STO

B1(1)
STO
n
B2(1)

n-1
Bn(1)
STO
1
Y2(1)
STO

0.00

crd
0.00000 00

n.

1.00000 00

crd

crd

0,00000

ml (w) (2)
Displayed
for 5 sec-
jonds with
flashing
decimal
point.

crd

crd

0.00000 00

crd

0.00000 00

1A(1)

w(2)

B

~J

§I

10.

11,

12.

13.

14.

15

. Subprogram C:

. Subprogram A: initiates the first

part of the main program.
Subprogram B: divides pivotal
equations by their first term and
outputs an A equation.

multiplies A
equations by the coefficient of
the first term of each succeeding
system equation, subtracts the
results of the multiplication from
that equation and outputs the
equations of a new system,

. Subprogram D: initiates the second

part of the main program.

. Subprogram E: operating upon the

A equations, computes X1 thru
X(n-1) by multiplying the previously
computed X values by their con-
stants and subtracting the results
from the right side of the A
equation.

. Subroutine a: initializes B and C

registers every time B is pressed
after a new pivotal equation is
stored in the primary registers and
every time C is pressed after a new
equation is stored in the primary
registers.

Subroutine b: clears registers RO
thru R9 to 0.

Subroutine c: recalls each term of
the equation being processed in
the proper order.

. Loops d, 0, 2, 4: these loops allow

the same mathematical operation
to be performed many times
within the same subprogram.
Routine 1: compares the contents
of D to the contents of A and
transfers execution to routine 9
when D=A.

Routine 3: a short routine which
calls subroutine a.

Routine 5: stores the address of
the first coefficient of each equa-
tion of the new system being
generated in register |, then recalls
the coefficient, stores its absolute
value in |, and finally displays the
absolute value of the coefficient
for 5 seconds.

Routine 6: increments E register
and decrements D register in the
second part of the main program.
Routine 7: displays the number of
the unknown X which has been
computed in a continuous loop
until R/S is pressed.

Routine 8: calls for the next
pivotal equation by displaying its
number.



CompuCruise
The Computerized Copilot

TRP
1

(B ] (G

Méﬁ

I:ff COMBUCTUSE

At the push of a button your onboard navigational computer will
perform 44 important functions in your car, van or truck:

e Computerized Cruise Control - More
than a simple speed maintaining device
available as an option by automobile
manufacturers. It establishes and main-
tains a preselected road speed. You tell
the computer how fast you want to tra-
vel and CompuCruise takes over. It also
features resume and traffic flow adjust.

e Efficient Fuel Management- Compu-
Cruise is programmed to answer any
question regarding fuel usage. It will
tell you your most fuel efficient driving
speed; which brand and grade of fuel is
most economical in your vehicle (tests
show in excess of 11% difference in
major unleaded brands alone); effects of
tire brands, types & pressures; when
tune-up and repair is needed; whether
tune-ups have been properly perform-
ed; plus other useful fuel saving data.

e Trip Computer- By inputting expected
trip distance, CompuCruise will contin-
ually display time, distance or fuel to ar-
rival... all computed and updated once a
second and based on current vehicle
speed and fuel consumption.

@ To Empty Function - Automatic data
sensors allow CompuCruise to display
time, distance, or fuel to empty... based
on current vehicle speed and fuel
consumption.

e Highly Accurate Quartz Crystal Time
Function- Displays time of day; elapsed
trip time (hours and minutes); elapsed
time (minutes and seconds until 59 min.
59 sec. then hours and minutes); easily
set wakeup or reminder alarm.

e Temperature - Inside temperature,
outside temperature (if desidered, out-
side temperature sensor can be located
to provide engine coolant temperature).
Displayed in fahrenheit or celsius.’

o Battery - Generator Voltage - Compu-
Cruise will warn you of impending elec-
trical failure by displaying battery and
charging voltage.

o Sophisticated Yet Simple - Because of
its automatic data sensors, CompuCru-
ise can perform all of its functions with
the touch of a button. Yet with all its so-
phistication, its operation can easily be
learned in a few minutes. It can be used
with any foreign or domestic vehicle,
(except diesel or fuel injected engines)
and can be installed by a trained
mechanic in less than two hours.

EACH COMPUCRUISE CONTAINS:

Command Module 3"x 6”x 1 3/16"
Throttle Servo

Speed Sensor

Flow Sensor

2 Temperature Sensors
Brake-Clutch Disengagment Switch
Mounting Hardware for flush or
bracket mounting.

Installation Manual

Use Manual

PP JPRSEP

CompuCruise provides other advant-
ages. The cruise control helps to elimin-
ate speeding tickets. The computer
serves as a diagnostic instrument to
detect minor engine problems before
they become major and costly ones. The
precision clock and trip computer prov-
ide valuable enroute information
whether cross country or local shop-
ping. The battery voltage readout is
especiaily helpful. Present vehicle
instrumentation tells you nothing about
battery condition. With CompuCruise,
you are warned before failure that
service is necessary.

Available for $199.95, (Add $5.50 for front wheel drive) plus $2.50 for insured

UPS shipping and handling from:

BITS:

P.O. Box 428, 25 Route 101,
InC Peterborough N.H. 03458 |,

Call your charge card ——d

orders toll-free: @
= Ia.

N.H.:924-3355

Circle 35 on inquiry card.

1-800-258-5477
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Listing 2, continued:

STEP
NO.

INSTRUCTIONS AND

INPUTS

QUTPUTS

REMARKS

LABEL

KEY

DISPLAY CARD

19.

20.

21,

22,

23,
24,
25.

26,

27.
28.

29.

30.
3.

32,

33.

34,

35.
36.

37.

38.

GO TO atep 12 until the digit
"2,00000 00" appears in the
display, calling for the sec-
ond pivotal equation. A new
pivotal equation must be
stored in the primary regis-
ters each time the program
halts automatically and dis-
plays a digit, 2, indicating
the desired pivotal equation.
When the pivotal equation
digit is displayed, the deci-
mal point will not be
flashing, nor will the digit
be displayed in a continuous
loop. The digit, 2z, is also
the number of the system being
processed. The first pivotal
equation must be atored by
using the keyboard. Sub-
sequent pivotal equations are
stored by inserting a data
card,

The new pivotal equation is
that equation of the new sys-
tem, 2, for which the largest
(in absolute value) firat tern
has been observed. This equa-
tion, as are the other equa-
tions of the new system, Z, isg
stored on a magnetic card,

Insert side 2 of the card
which contains the new pivotal
equation,

When crd appears in the dis-
play, press CLX,

Press f P2S.
Press B,

When crd appears in the dis-
fk?%) insert side 1 of card

When crd appears again, insert
side 2 of card 1A(2).

Press f P2ZS.

Insert side 2 of card w(Z)
[Card w(Z) no longer needed],
where w is the equation of the
system, Z, currently being
processed.

#hen crd appears in the dis-
play, press CLX.

Press t P28,
Press C,

When flashing decimal point
appears, record the absolute
value of the coefficient for
the first term of each equa-
tion, w, of the aystem being
created. If the coefficient
is missed while the decimal
point is flashing, it may be
recalled by Brassing h RCI
after atep 34, before pro-
ceeding with step 35.

When crd appears in the dis-
play, insert side 1 of w(Z+1),

When crd appears in the dis-
play again, insert side 2 of
card w Zfli.

Insert side 2 of card 1A(Z).

When crd appears in the dis-
play press CLX.

G0 TO step 27 until a new
digit "2 ,00000 00" appears in
the display, calling for the
next pivotal equation.

When the new digit

"Z,00000 00" appears in the
display, GO TO step 21.
Eventually, the digit

"n, 00000 00" will appear in
the display. The nth pivotal

equation is the only equation

Listing 2 continued on opposite page.
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1(2)

DIVIDE

w(z)

1a(2)

CLX

wA
w

CLX

2.00000 00

crd

2,00000 00

R.00000 00
crd

crd

0.00000 00| 1A(2)

0.00000 00

crd

0.,00000 00

0.00000 00
mi{w)(2+1)
Displayed
for 5 sec-
onds with
flashing
ldeoimal
point.

crd

crd

0,00000 00| w(Z+1)

crd

0.00000 00

16. Routine 9: displays the value of
Xn with flashing decimal in a con-
tinous loop until R/S is pressed.

C. Display

The information under DISP indicates

that engineering notation has been

selected and that numbers appearing in
the display will be rounded off to five
significant digits after the first one.

When engineering notation is selected,

numbers are shown in the display with

exponents of 10 that are multiples of

3. As with all HP-67 display formats

(unless f RND is pressed), calculations

are performed using full 10 digit

numbers (10 digit mantissa and 2

digit exponent of 10).

The instructions to be used while running
the simultaneous equations program, shown
in listing 2, are listed on calculator run work-
sheets. These worksheets list the manual
steps which must be followed to obtain the
solution to the system of equations, inputs
you must supply to the calculator by
pressing keys or inserting cards, and outputs
from the calculator in the display or on
cards.

Although it might appear that many
magnetic cards are needed to run the pro-
gram, note that cards containing the
equations of a system are no longer needed
after the equations have been processed with
the pivotal equation of the system. There-
fore, these cards may then be used to record
the equations of another system.

These instructions are self-explanatory (1
hope), therefore, | will allow them to speak
for themselves. Please note, however, that
the instructions contain loops that refer you
to steps previously accomplished. Remember
that n pivotal equations must be processed
and each equation contained in a pivotal’s
system must be processed with the pivotal
equation.

As a further aid in understanding both
the program and the HP-67, listing 3 shows
what is stored in each register after selected
program steps. The calculator register work-
sheets illustrated in these figures are a val-
uable debugging tool and serve as explicit
program documentation.

All of the forms shown in this article,
except the one shown in listing 4, may be
used with any HP-67 (and with other cal-
culators as well) program. The form shown
in listing 4 has been prepared specifically
for simultaneous equations. This worksheet
can be used to list the constants of the
original system of equations, to record the
first terms of each of the other systems as
they appear in the display so that the pivotal
equations may be easily spotted, and finally,
to record the value of each unknown.



Conclusion

With the help of special forms designed
for the occasion, the powerful repertoire of
the HP-67 (and the HP-97) has been
examined, yet | have taken from you none
of the pleasures in store as you begin your
adventures with this versatile calculator.

The example program presented will be
an added attraction to those anticipating
the purchase of an HP-67, as well as to those
fortunates who already possess one. When
you look at the price tag on the HP-67,
compare its cost to the cost of computer
time and memory which would be necessary
to run similar programs. In addition, think
of the programs you could run on the HP-67
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Listing 3: Selected register

Listings 3, 4, 5 and 6 are
continued on pages 186
and 188.

worksheets for the sample

program discussed in the text. These sheets illustrate the

contents of the registers at
program.

various key points in the

which might never be run otherwise. PROGRAM TITLE: 9 Equation Example
APPLICATION: Calculator-Aided Design
PROGRAMMER: _ Bob Arp DATA CARD LABEL: None

Listing 2, continued: LAST PROGRAM STEP: 010 NEXT PROGRAM STEP: 011
EQUATION: EQUATION: COUNTERS AND CONSTANTS

STEP INSTRUCTIONS AND INPUTS OUTPUTS REG |CONTENTS | LBL |REG | CONTENTS | LBL | REG | CONTENTS LABEL

NO. REMARKS LABEL KEY | DISPLAY CARD RO 10.00000 00| RSO [0.00000 00 A_|9.00000 00
in system n, therefore, no Rt |0.00000 00 RSt |0.00000 00 B [0.00000 00
first term comparisons need be
made. FPurthermore, the nth R2 [0.00000 00 RS2 |0.00000 00 C_[0.00000 00
pivotal equation need not be R3 ]0.00000 00 RS3 [0.00000 00 D |1.00000 00!
gtored on a card, Since the
nth pivotal equation is now R4 [0.00000 00 RS4 |0.00000 00 E |0.00000 00
gtored in the secondary regis- RS ]0.00000 00 RS5 [0.00000 00 I 0.00000 00
ters, simply press f PZS, f

P2S |n. 00000 00 R6 10.00000 00 RS6 |0.00000 00 X_|t.00000 00

39. | Press B, DIVIDE B 3{00200 go R7 [0.00000 00 RS? [0.00000 00 Y l9.00000 00

a8 aye
'ng 2 R8 [0.00000 00 RS8 [0.00000 00 2 |0.00000 00
flashing R9 10.00000 00 RS9 }0.00000 00 T lo.00000 00
decimal in
a continu- LSX
ous loop.

40. | The "n.00000 00" aigplayed PROGRAMMER: DATA CARD LABEL: EQ. 1A(t)
with flashing decimal in a LAST PROGRAM STEP: 0U46 NEXT PROGRAM STEP: 047
continuous loop indicates that EQUATION: EQUATION: 1A(t) COUNTERS AND CONSTANTS
Xn has been computed and is
atored in RSO. REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | CONTENTS LABEL

wr. | o s RO |0.00000 RSO | 6.66667 Y A | 9.00000

+ | Prese R/S. R/S m.00000 00 Rt |0.00000 RSt | 0.00000 | A9 | B | 0.00000
42, | Press D, f}'m'r PART] D [1,00000 00 R2 [o0.00000 RS2 | 0.00000 | A3 C |10.00000
43, | Insert side 2 of card 1lA{n-1).| 1A(n-1) crd R3 {0.00000 RS3 | 0.00000 A7 D 1.00000

R4 [0.00000 RSk | o, A6 E | 2.00000

44, | When crd appears in the dis- £.00600
play, press CLX. €LX (1.00000 00 R5_[0.00000 RS510.00000 ;A5 | I 110.00000

o | Eon o e 000000 R6 [0.00000 RS6 | 0.00000 | Al X_| 0.00000

’ ) Sis;)laygd R? [0.00000 RS7 |-.500000 [ A3 Y | 2.00000

with R8 [0.00000 RS8 1-.333333 A2 2 | t.00000
Iflashing

decimal in R9 p.00000 RS9 | 1.00000 | At T | 9.00000
a continu- LSX

ous loop, P R

46. | The "n-1.000000" displayed ROGRAMMER 1 DATA CARD LABEL: 1(2)
wit:iflauhi?g de;:i:zl :n -th . LAST PROGRAM STEP: 119 NEXT PROGRAM STEP: 120
contlinuous 00
O 5O Pom"utgg ::d 1: EQUATION: EQUATION: 1(2) COUNTERS AND CONSTANTS
stored"in K2 (RA"15 now 8tored REG |CONTENTS | LBL |REG | CONTENTS | LBL |REG | CONTENTS LABEL
n .

RO [0.00000 RSO [13.33333 Y A | 9.00000

47, | Press R/S, R/3 p=1.000000 Rt [0.00000 RSt | 0.00000 | AB B | 0.00000

48. | Insert side 2 of card 1A(1). 1A(1) crd R2 0.00000 RS2 | 0.00000 | A7 C |to.00000

R3 [0.00000 ) .
49, | When crd appears in the dis- 2 RSy | 0.00000 | A D | 1.00000
play, press CLX, cLx |2.00000 00 R4 [0.00000 RSt | 0.00000 | As E | 3.00000
R 0.00000 . 0
s0. | Press . 8 |hamm & 5 RSS | 0.00000 | A4 I [16.33333
Displayed R6 [0.00000 RS6 [~5.00000 | A3 X | o0.00000
with R? [0.00000 -7. :
1eohing 7 RS? [-7.00000 | A2 Y | 3.00000
decimal in R8 J0.00000 RSB |16.33333 | At 2 9.00000
:usorl:gé;u- R9 [0.00000 RS9 | 0.00000 T [16.33333

51, | The *1,00000 00" displayed LsX
with flashing decimal in a
continuous loop indicated that PROGRAMMER : DATA CARD LABEL: 2(2)

Xt :a: ?ee'r‘x computed and is LAST PROGRAM STEP: 119 NEXT PROGRAM STEP: 120
EECTSCILNERNS EQUATION: EQUATION: 2(2) COUNTERS AND CONSTANTS

52. | Press R/S. END R/S [1.00000 00 REG [CONTENTS | LBL |REG | CONTENTS | LBL | REG [ CONTENTS LABEL

53. | Recall each X value from the ol RO [0.00000 RSO | 20.00000 | Y A | 9.00000
primary registers by pressing 1 Xn Rt [0.00000 RSt 0.00000 | B9 B 0.00000
Rl through R9. RgL o R2 [0.00000 RS2 | 0.00000 | B8 | C [t0.00000

e Ve R3' [0.00000 RS3 | 0.00000 | B? D | 1.00000
RgL « R4 [0.00000 RSt | 0.00000 | B E | 4.00000

CALCULATOR RUN WORKSHEET

TREBOR ENGINEERING

Listing 3 continued on next page.
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L/'_gt/'ng 3, continued: R8 |0.00000 RSB | 0.00000 A2 Z | 9.00000
R9 |0.00000 RS9 ] 0.00000 [ A1 | 1 [ 9.00000
LSX
RS [0.00000 Rs5 | -7.00000 [ Bs | 1 [-7.00000 S ROGRANIERT oo G i
:: o:zzgzg ::: 12:(5)2223 :‘; z z:ggggg LAST PROGRAM STEP: 130 NBEXT PROGRAM STEP) 131
R8 [0.00000 Rs8 | -7.00000 [ B2 [z [ 9.00000 Lo ZTIO i) COUNIERS ARD CONSTANTS
. REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | CONTENTS LABEL
R9 0.00000 RS9 | o0.00000 [ B | T [-7.00000 RO |-8.16534 RSO |. 220939 Y A | 9.00000
LSx Rl [36.9574 RS1 [1.00000 A9 B | 0.00000
EROGRAMMER, DATANCARDRCNEI I U e) R2 | 0.00000 Rs2[0.00000 | A8 | ¢ [r0.00000
gﬁirixcw . ot::uumu “(—r)u!xr PROGZﬁN:g:'mgu:ousrmrs R | 000000 887 10.00000 Ll | 2.00000
1] 1 &
REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | CONTENTS LABEL :l; g:gzgzg ::: z:ggggg :: : 32'3(5)(2:0
Ro l0.00000 RSo | .816327 X | A |9.00000 R6 | 0.00000 RS6 [0.00000 A | x g.ooooo
R1_|o.00000 Rs1 | 0.00000 [ A9 | B | 0.00000 5 oot Tl Sl 9‘00000
R2 |0.00000 RS2 | 0.00000 [ A8 { ¢ [10.00000 18 1o 00000 58 o:ooooo alln 9'00000
R3 [0.00000 RS3 | 0.00000 | A7 | D | 2.00000 R9 | 0.00000 o o 9'00000
R4 |0.00000 RSk | 0.00000 [ 46 | E | 3.00000 * Sk *
R5 [0.00000 Rss5 | 0.00000 | A5 | I [10.00000
v o,o.oooo e v , 0 00000 gz;;i::;:l:u D has just been prnu:‘:: é:;;i::;g::rt II.
36 To. aoooo oe | 3-oooes T as [ 2 2 00000 LAST PRoGRAN STEF: 11 NERT FROGRAN STEF: 142
EQUATION: EQUATION, COUNTERS AND CONSTANTS
R9_|0.00000 RS9 | 0.00000 | A1 T _| 9.00000 REG | CONTENTS | LBL | REG | CONTENTS | LBL [ REG | CONTENTS LABEL
LSX RO [0.00000 RS0 | 8.16534 A | 9.00000
PROGRAMMER 1 DATA CARD LABEL: 1(3) R1 [.220939 19 | RS1[36.9574 B | 0.00000
LAST PROGRAM STEP: 119 NEXT PROGRAM STEP:; 120 R2 |o.00000 Rs2| 0.00000 - ¢ [10.00000
EQUATION: EQUATION: 1(3) COUNTERS AND CONSTANTS R3 [0.00000 RS3 | 0.00000 D [ 9.00000
REG |CONTENTS | LBL |REG |CONTENTS | LBL |REG | CONTENTS LABEL % 5o 254 | 0. 00000 2 o000
RO ]0.00000 RSO |25.7143 Y [ A | 9.00000 RSB ¥ea000 #55] 0.00000 I [-.2209%9
Rl ]0.00000 RS1 [ 0.00000 [A9 [ B | 0.00000 TeRo%00000 756 0.00000 Ao
R2 [0.00000 RS2 | o0.00000 [A8 | ¢ [10.00000 77 b.00000 %571 0.00000 ¥ o 00000
R3 |0.00000 RS3 | 0.00000 [A7 [ D | 2.00000 %ol o¥00000 Zsello"o0000 2 [-.220939
R4 [0.00000 RSt | 0.00000 [A6 | E | u.00000 % e 59| 0.00600 T [-.2209%9
RS |0.00000 RS5 |-7.00000 | A5 | I [11.50000 oy
R6 |0.00000 Rs6 [-2.14286 [as | x | 0.00000 oG ; el GOt i
z; g:zzzzz 22; l::gzzgg :: ; ::ggzzz LAST PROGRAM STEP: 189 NEXT PROGRAM STEP: 190
Ry [0.00000 RS9 | 0.00000 | a1 | T [11.50000 ixg‘ Tég:;'xurs LBL ig'g‘ Tég:;‘xug(a%.sx. mmggnrair;m CONLA:L
LSX RO |.140633 RS0 |. 0645869 A | 9.00000
PROGRAMMER 1 DATA CARD LABEL: 1(9) RL |.220939 19 | RS1|-.344197 B | 1.00000
LAST PROGRAM STEP: 127 NEXT PROGRAM STEPs 128 Rz |.150633 |18 | Rsz| $.00000 ¢ 111.00000
EQUATION: EQUATION: 1(9 COUNTERS AND CONSTANTS ®3 |0.00000 ’S3| 0.00000 2 | 8.00000
REG | CONTENTS | LBL | REG | CONTENTS |LBL | REG | CONTENTS LABEL 76 000000 R4 Mo"05000 £ | 2.00000
RO 0.00000 RSO | 8.16536 | Y1 | A | 9.00000 RERI0¥05000 [ O T T 2. 00000
R1 .ocooo RS1 |36.9574 ASH|MENIN0-00000 R6 |0.00000 ’s6| 0.00000 x | 8.00000
R2 [0.00000 Rs2 [ 0.00000 | A8 | ¢ [10.00000 A R[o%e0 w57 loTa5000 AN¥eo000
R3 10.00000 RS3| 0.00000 | 47 | D | 9.00000 R8 |0.00000 rs8| 0.00000 2 | 8.00000
R4 [0.00000 RSk | 0.00000 | A6 | E | 9.00000 R9 |0.00000 rss| 0.00000 T | 8.00000
RS [0.00000 RS5| 0.00000 | A5 | I [36.9574 TSx
R6 [0.00000 Rs6 | 0.00000 [ a4 | x [ 9.00000
R? lo.00000 Rs?| o.00000 | A3 [ Y | 0.00000 CALCULATOR REGISTER WORKSHEET TREBOR ENGINEERING

LiSt/ng 4: A SpeCia/ simul- TITLE: Nine Equations Example PAGE 1 OF 1
taneous equations work- [APPLICATION: Solves systems of up to 9 simultaneous equations DATE: 12/27./76 |
sheet showing the con- SYSTRY1ECONSTANTS
, . R EQ # ml nZ ml mé ms me n7 mi L Y
stants of the original nine ; " = = u A = = = x e
equations of the sample 2 ] 17 <& -5 a ] 0 o § 1
problem discussed in the 13. 3 i !2 3: ; - E g a "D
text. The first terms of . : = o = = = e - - -
each of the intermediate 5 2 o a | -5 u T & | -13 o G
systems are shown dalong 7 o a a o -11 -1 = & -15 ]
with the solution. i g g (] ] a -13 g ol -18 g
[ n a o [ a o -15 ET] 52 o
REG [ A A7 RE RS Rl B3 | &= ETI RO
FIRST TERMS (ABSOLUTE VALUE)
EQ SYSTEM VARTABLES
¢ 2 3 [ == 6 ? & | 9 X1 o.12165
1 |16.3333]11.5000]30.0701 [19.4895 |4k . 7189 za.n'ﬂ"ﬁuaos .220939 | Xz [2.49275
z 7,0000] 2.1428]11.3043 | 3.383%|15.9096 | 5.6250 |20 . L6A1 (% = %3 |3.25HiE
3 5.0000| 7.0000| 9.0000]11.0000|13.0000 [15.0000 | . B |.52892h |
i 0.0000| 0.0000] 0.0000| 0.0000| 0.0000 %5 [1.37839
5 0.0000( 0.0000( 0.0000( 0.0000 b S e e A XA [.3866304
3 0.0000| 0.0000| 0.0000 MW};\ m 17 [.597162
7 0.0000| 0.0000 L A R A x5 [«160634
7 [ o.0000 AREARKREEA w2209
SIMULTANEQUS EQUATIONS WORKSHEET TREBOR ENGINEERING
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Circle 73 on inquiry card.

COMPUTERWARE for 6800’s

THE BASICS FOR WORK AND PLAY
(that we're famous for...) e CHECK FILE 49.95 ¢ LEARN BASIC 39.95
* Random SSB Basic 89.95 o HOME MAILING (VI) 49.95 e LEARN ASSEMBLER 19.95
* Flex Disk Basit 49.95 o HOME INVENTORY 49 95 e PILOT DISK 24.95
. W/ SOURCE LIST 37.95
* Cassette Basic 13222 o BUSINESS MAILING (V2)  89.95 W/ SOURCEDISK 49 95
° Prom Basic CASSETTE . AR R R R AR AR AR KRR R AN R AN AR AR
2716 250.00 write for information about our * MUSIC for the Newtech Model 68
-Part Music # 1 24.95
e Renbas W/ SOURCELIST 24.95 COMMERCIAL BUSINESS SOFTWARE 4 Paf Usfc# i
including: 4-Part Music # 2 .
W/ SOURCE DISK 34.95 | - comi :
INVENTORY CONTROL nterpreter-- coming soon
We register our BASIC owners and ORDER ENTRY compose on your keyboard!
offer future enhancements at reason- ACCOUNTS RECEIVABLE .
able prices. MAILING SYSTEM for more information circle inquiry no.
and MORE for quick information write to us

all using RANOOM ACCESS capabilities

ORDERING INFORMATION $55585555855355353558585889%

« always specify cassette, Flex disk, or $ Send us this coupon before $
SSBzI:Iiskp ! COMPUTERWARE $ April 30, 1979 and get $
* on Pre-paid orders Computerware will 6800 specialists $ OJ Both Learn Basic $
pay shipping charges 830 FIRST STREET ¢  and Learn Assembler 49.95 §

« for C.0.D. orders shipping charges are ENCINITAS, CALIF. 92024 § (I 10% off any software order  §
extra (714) 436-3512 $  of more than $50.00 3

* Calif. residents add 6% sales tax $385855558353585858598383588%

Albert €instein
March 14, 1879 —March 14, 1979

World renowned photographer Lotte Jacobi
announces the release of an outstanding series
of photographs of the man who by his powers of
reason and moments of wild speculation became
instrumental in shaping the modern world.

This unique portfolio of 25 five by seven
portraits, selected from photographs taken over
a span of two decades, have been assembled to
mark the centennial of Albert Einstein’s birth.

The price of this remarkable set is $22.95.
first class postage and handling included.
Available from:

BITSM- POB 428, 25 Route 101 West,
inc Peterborough, N.H. 03458
Books to erase the impossible
Charge Card Orders May Be Placed
On Our Toll-Free Number:

l’-'%';—"SAZT 800-258-5477
ezErm  (In New Hampshire Call 924-3355)
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Listing 5: Instructions for
running the program in
listing 6 which checks the
solutions obtained by the

Blank coding forms: like the
ones used in this article may
be purchased from Robert C
Arp Jr, 3981 Acapulco Dr,
Campball CA 05008,

Listing 6: A program
which accepts the coeffi-
cients calculated by listing
1 and checks them for

program in listing 1. accuracy.
PROGRAM TITLE: _Simultaneous Equations Check Program PAGE 1 OF 2 IA’ROGRAM TITLE: SIMULTANEOUS EQUATIONS CHECK PROGRAM PAGE 1 OF 2
APPLICATION N PELICATICN: Checks solutions to syntems of un to & eguations.
+  Checks solutions to systems of up to 9 equations PROGRAICER:  Bob Arp DATE:
PROGRAMMER: Bob Arp DATE: 12-27-76 REGILTERS
STEP INSTRUCTIONS AND INPUTS OUTPUTS 0 T g [“ m8 3 w7 [* w65 w5 [ ub |7 m3 | m2 P m
N?- - REMARKS LABEL _ [KEY | DISPLAY CARD 50 3 xo |58 x8 |53 x7 |5 x6 [55 x5 [SExu |7 x3 B x2 [F% 1
. |Before the check program can &t & Eqs 1n [ Pri re T Sec re D T T Misc
be initiated, all values of X Sy!s‘:?:em pnintef 'pomtef cg:nmter Y| 'stoage storuge
must be stored in the primary LABELS I SET STATUD
registers as follows: X1 in Rn)| T B T . =
X2 in R(n-1),...,Xn in Rl, Th " Start |° Mult/ g E 0 | FLAGS | tp1g|pIsp
values of X are stored in this Add ON | OFF
hanner at the end of the a b c d e 1 FIX
"SIMULTANEOUS EQUATIONS" i
program. 0 Hult/ |1 Clear [2 Disp |3 4 2 GRA SCI
add loop jregisters| loo
2. |Key in the number of system L £ L ENG
equations. n n. RAD| [ o
3. |Press A. START | A [n.00000 00 NUM| ___FTiOGRAM CODES |
ADD|NUMERIC SYMBOLIC DEFINITIONS AND REMARKS
% Si':ore the coefficients of equa- EQ 1 Al aat] J1]25]11 | #PLBL] A |With all values of X stored in primary re-
tion 1 into the primary regis- STO [ EF Z1jon DSP: 5 |gisters and with the number of system equa-
ters as follows: Al in Rn, A2 Rn aay %% |23 . | &nc|tions keyed into the calculator. pressing A
in R(n-1),...,An in R1, Con- A2 Bk s r | pis|initializes the check program by storing
‘s)tants which are zero need not STO 7105 31 wa| T il Reg the values of X in the secondary registers
e entered. Rn-1 T =i 570 : and clearing the primary registers.
An 007 5 |22 I RIN| o o o e e e e
sTo LI RN RS PR I R When the program halts and displays the
Rl a0 I BCL 4 |number of system equations, the coefficients
5. |Press B. MULT/ADD | B Y1 010 1312 570] @ |of the first system equation must be stored
Displayed 11k arg| p |in the primary registers; coefficients which
with 01 | _|are zero need not be stored. The coeffi-
flashing T 5 cients must be stored in the registers as
decimal in “- 'indicated above under the "REGISTERS" head-
a continu- £ *_ling (see CALCULATOR RUN WORKSHEET),
ous loop. Jif1} STO :
6. [Press R/S. HALT R/S s¥1 00 0 _|During subsequent halts, the coefficients
. . L1 # |of the other system equations are stored,
7. |The number which appears in thef 7 (15 STO| F |in turn, in the primary registers,
display should be approximately 2aloo [T IIBL] o
equal to Y1. 3512 RCL 7 |After the coefficients of an equation have
. Ny "I been stored, pressing B causes each value of
B. |Store the coefficients of EQ 2 Bl 3 3 3T 1iX to be multiplied by the appropriate con-
equation 2 in the primary STO O CLX istant, and the sum of the multiplications
registers as follows: Bl in Rn, Rn % 34 RCL| (i) [to be stored in register E. The Multiply/
B2 in R(n-1),...,Bn in R1, B2 313 RCL| C JAdd loop continues until the term counter.
iConstants which are zero need STO 8 33 k157 711D: indicates that n terms have been pro-
not be entered. Rn-1 e CLX fcessed.
.. T B RCL} [41
g;o 1 .
R1 o BOL| _E_
Bl +
9. |Press B, MULT/ADD B wsY2 23S STO E
Displayed pt ~ 1
with Fhf1a RCIL] D
flashing 12|51 [ Xa¥
decimal in 2201 CTo| 1
a continu4 ] 1
ous loop. 21 =
10, [Press R/S. HALT [ R/8 wY2 LD §T0| ©
11, |The number which appears in the| 4 !_2 RC1 |'l
display should be approximately] a1
equal to Y2. i}
11[12 5T B
000 s RCH ¢
[i] 1
12. [Store the coefficients of equa- EQ n ml :: =
tion n in the primary regis- sTo 113 T
ters as follows: ml in Rn, m2 Rn 22. T. s
in R(n-1),...,mn in R1. m2 o0 slg e e —— e — — — —I
ST0 25(01) 7| LFl| 1 |Cléars primary registers; allows thé next
Rn-1 oo T | system equation to be stored with no at-
ves a7k on STN 7| tention paid to the coefficients which are
mn ~E1 EO5Y = T zero,
3301 sTo 1|
:'fo EE1 B i
T B
13. |Press B. MULT/ADD| B wYn ey e
Displayed i) =L —
with 73§07 | B
flashing H | = Y
decimal inf 137 =
a continu- b 5Ty 8
ous loop. =70l n _
14, [Press R/S. END R/S sY¥n TBi| 2 | Recalls the valué of the Y term stored In
o, E | E and displays this value with a flashing
15, |The number which appears in thd R.- ~~x-| decimal point in a continuous loop: Ppress-
display should be approximately — “~ ing R/S breaks the loop and displays Y.
equal to ¥n, i R.-f"
5 N
ohn |
CALCULATOR PROGRAM

CALCULATOR RUN WORKSHEET
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The Fourth
Trenton Computer Festival

TCE-79

April 21 & 22, 1979

10 AM to 6 PM at TRENTON STATE COLLEGE 10 AM to 4 PM
SATURDAY, 21st Trenton, New Jersey SUNDAY, 22nd

. Super Outdoor Fleca Market ®» Indoor Commercial Exhibit Arca
8 Forums, Talks and Scminars ® Convenient to NY, PA, MD and DEL

Hundreds of Door Prizes ¢ Banquet Saturday Night

For additional information call 609-771-2487
Admission 8% — Students 32

Banqucet 810, Avoid Sponsored by:

disappointment — pre-register for .-\'muu:ur Computer Group of })cpl. of Engincering

the banquet! Send your cheek for New Jersey Tcetmology, Trenton State
$10 per person to: TCF 79, Trenton E PhiladcIphia Arca Computer C"]“iﬂ‘f

State College, Trenton, N | Socicty I.E.E.E., Princcton Scetion
08625. | Trenton State College Digital

Computer Socicty

STAR SHIP SIMULATION
/
by Roger Garrett &
1 Star Ship Simulation is a design for a program to simulate the &L S
operations of the starship Enterprise, as defined on the original o
TV program, on a computer. Navigation, communication, helm, § ------
medical, engineering, and science functions are realized, along '?6' |
with the actions of several other Federation and enemy craft. The élyéb |
program is presented in a general structured form with informa- £§ |
tion to aid the user in implementing it for a particular hardware/ Qg
software set-up. pp.122, $6.95.
.
PROGRAMMING THE 6800 MICROPROCESSOR
by Bob Southern
[ This self-instruction workbook is a guide to the fundamentals of as-
sembly language and machine code programming of the 6800 micropro-
cessor and its peripheral devices. Considerable coverage is given to pro- : O
gramming of the input and output devices. The asynchronous communica- —] R '
tions, interface adapter, each with their various modes of operations, are
explored in detail in both noninterrupt and interrupt modes. Program de- :gzrttesfshn:l‘:‘o;ggg’“'
sign and documentation are emphasized along with programming hints 9
I G, P P e, Books to erose the impossible
SCIENTIFIC AND ENGINEERING PROBLEM SOLVING WITH THE COMPUTER TS
by William Ralph Bennett Jr. Address
C One of the most exciting books we’ve seen in years. Besides teaching BASIC
{which it does admirably), this lively, lucid book presents a wealth of imaginative and
unusual applications programs and simulations taken from many disciplines. The Check enclosed
exercises run the gamut from random processes to the dynamics of motion, from o MC Exoi
entropy in language to the Watergate problem. You'll discover BASIC applications in VISA o ADIES
lasers and in the Fourier series and the law (!). In its diversity and elegant style, it
ranks with Donald Knuth's works as a milestone in the art fo computing. Hardcover,
457 pp, $19.95. Postage $.75/book or $1.00 outside U.S.
) L ]
Prices subject to change without notice M & DIAL YOUR BANK ORDER ON OUR TOLL-FREE LINE 800-258-5477
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64KB MICROPROCESSOR

MEMORIES

e S-100 - $695.00

e SBC 80/10 - $750.00

e LSI 11 - $750.00 ¢ 6800 - $750.00

C1-S100 64K x 8

E

I —= 3
7

C1-1103 32K x 16

CI1-6800 64K x 8

C1-8080 64K x 8

CI1-S100 — 64K x 8 on a single board.
Plugs directly into the IMSAI, MITS,
TDL, SOL and most other S-100 Bus
computers. No wait states even with
Z80 at 4Mhz. Addressable in 4K in-
crements. Power requirement 6 watts.
Price $695.00.

C1-1103 — 8K words to 32K words in a
single option slot. Plugs directly into
LSl 11, LSI 11/2, H11 & PDP 1103.
Addressable in 2K increments up to
128K. 8K x 16 $390.00. 32K x 16 $750.00
qty. one.

C1-6800 — 16KB to 64KB on a single
board. Plugs directly into Motorola's
EXORcisor and compatible with the
evaluation modules. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $750.00.

Cl1-8080 — 16KB to 64KB on single
board. Plugs directly into Intel's MDS
800 and SBC 80/10. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $750.00

Tested and burned-in. Full year warranty.

. Chrislin Industries, Inc.

Computer Products Division

31352 Via Colinas = Westlake Village, CA 91361 ¢ 213-991-2254
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Circle 47 on inquiry card.

Nybbles

BASIC Cross-Reference
Table Generator

Witliam and Alice Englander
1966 Titus St
San Diego CA 92110

A standard compiler feature for high
level languages like COBOL and PL/I is a
cross-reference of the source program. In
the simplest case, each named element in the
program is listed in a report with the line
numbers of all statements containing that
element. Words which have special meanings
in the language being cross-referenced, such
as READ or IF, are ignored.

Features of more sophisticated cross-
reference facilities include placing the
elements in alphabetical order, showing the
statement number in which an element is
defined separate from its references, defining
the use of the element as a sending or re-
ceiving field and cross-referencing both data
elements and procedural elements (state-
ment labels).

As we began program development in
BASIC on our microprocessor, we dis-
covered the pleasures of using BASIC, but
were surprised to find that cross-references
of our BASIC programs could not be pro-
duced with any of our regular system soft-
ware. In addition, our survey of the litera-
ture did not turn up any BASIC cross-
reference programs. .

A cross-reference can be an extremely
useful programming aid. When you are
debugging a program, it allows you to quick-
ly find each statement which deals with a
particular variable. For example, if the pro-
gram is looping you can look at each refer-
ence of the loop control variable to ensure
that it has been initialized, that it is being
incremented, and that a check for the upper
limit is being made. A cross-reference is

Text continued on page 192.



LNt BSGAME
CHASIC COMPILER VEK 1.01

18 NT "HINARY SEARCH GAME*
25 FRINT
kY INFUT *HIT RETUKN WHEN KEADY TO FLAY®;LINE ANS$
4: RANDIOMI ZE
51010 LOW=1
61 HIGH=1000 .
71 NO=TINT (RNIKHIGH) 41 Listing 7’,A” example
g FOR I=1 TO 24 program with a cross-
91 FRINT reference table generated
10 ) NEXT I by the BASIC cross-refer-
11i 20 FRINT - L - ence generator program.
12 FRINT *ENTER NUMBER IN THE RANGE®;LOW; * THROUGH®$HIGH
133 INFUT GUESS
14 IF (GUESS<LOW) OR (GUESSHHIGH) OR (BUESS<:>INT(GUESS)) THEN\
158 FRINT *TRY AGAIN"$\
16% GO TO 20
173 IF GUESS<NO THEN\
183 LOW=INT(GUESS+1) N\
193 FRINT *YOU’RE LOW®:\
208 GO TO 20
21 IF GUESS>NO THEN\
203 HIGH=INT (GUESS-1) 3\
23 FRINT *YOU’RE HIGH®:\
243 GO TO 20
253 FRINT *YOU WIN!!1®
263 FRINT
271 FRINT *FLAY AGAINT®
283 INFUT ANS#
293 IF LEFT$(ANS$y1)="Y" THEN\
301 GO TO 10
31 FRINT "END OF RINARY SEARCH GAME®
20 SIS About the Authors
332 END

NO LERROKRS DETECTED

CRUN XREF
CRUN VER 1.03
ENTER NAME OF FROGRAM TQ EE CROSS-REFERENCED ESGAME

CROSS~-REFERENCE LISTING OF FROGRAM EiIRSGAME.EBAS
VAR [ABL.E REFERENCES

William and Alice
Englander have a pro-
gramming and consult-
ing firm in the San
Diego area. While most
of their program devel-
opment is done on cus-
tomers’ large scale com-
puters, they also do
work for customers on
their IMSAI 8080 disk

1 ) 10
NG 7 17 21 based system. They are
1w 5 12 14 18 both computer systems
ANSE ;‘ ;’-8 f": 4 oo instructors at National
H l () H () . :.. o sl q 2
GUE S 13 14 14 14 14 17 18 21 22 University.

Please send copies of BY TE Nybble # at$ postpaid.

__ Check Enclosed

Billmy BAC =_. __ __._ _ ____ . Exp Date
Billmy MC = __ _____Exp Date
Name
Street
City State Zip Code

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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Text continued from page 190:

handy when you need to make a program
change, too. You can quickly see what
names have already been used if you need
to define a new variable. And you can
double check your planned changes against
uses of the existing variables, which may
enable you to use existing ones instead of
having to define new ones.

In BASIC, a cross-reference listing can be
especially useful in helping you to verify
that you have used correct names in your
code. Since BASIC sets up variables for you
without requiring explicit definitions, you
can accidentally miscode a variable name
and cause some elusive program problems.
A quick look at the cross-reference would
alert you right away since you would see
both the correct name and the improperly

The Nybbles Library is an inexpensive means for BYTE readers to
share some interesting but specialized forms of software. These pro-
grams are written by readers with small computers and printer facilities,
and are therefore designed for particular systems. The algorithms and
programming techniques can be used by readers with similar equipment,
or can serve as an inspiration for improvisation on computers of differ-
ent characteristics.

Potential authors of such programs should send us a self-addressed
stamped envelope, with a request for a copy of our Guidelines for Nyb-
bles 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
punched with three holes for collection in loose leaf binders, and come
in an attractive folder which serves as a cover. This month the BASIC
Cross-Reference Table Generator has been added to the Nybbles
Library. You can order a personal copy of this program (BYTE Nybbles
Library Document # 105) for $.75 postpaid ($1.05 overseas postpaid)
by filling out the coupon on the preceding page.

coded name.

Our BASIC cross-reference program was
written using C-BASIC on an IMSAI 8080
disk based system running under CP/M.
Depending on your configuration, enhance-
ments could probably be made which would
speed up the processing time. A typical
program and cross-reference table is shown
in listing 1 on the preceding page.®

BYTE's Bugs

At Echo Design your circuit drawings can be con-
verted into finished artwork masters in only 2 to 6
weeks, depending on complexity.

We do board layouts for many of the biggest names
in the business.

And we have broad capability. Such as computer
boards having 450 ICs.

Choose any or all these services:

® Layout (1o digitizing ® Assembly drawing
standards if desired) ® Schematic drawing

® Tape-up (artwork) ® Bill of material

® Fab drawing ® Printed board

Place a call now to John Offenbacker or Al Chew
and get your new board moving at competitive prices.

e el | echo

for DESIGN AND
GE3LL Printed ‘ DEVELOPMENT
a copy Circuit CORPORATION

Parﬁﬁoning 195 EAST GISH ROAD » SAN JOSE, CA 95112

408-292-0918

R Get your PCmasters
P in as little as 2 weeks

We also provide contract technical personnel world wide
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Circle 105 on inquiry card.

Motor Source Error

A list of stepping motor sources in
“A Stepping Motor Primer, Part 1: The-
ory of Operation,” by Paul Giacomo
(February 1979 BYTE, page 90) was in-
complete. We omitted Superior Electric
Co, 383G Middle St, Bristol CT 06010, a
major manufacturer of stepping motors.s

Polyphony Made Accurate

Perusal of my copy of the January
1979 BYTE, containing my article
“Polyphony Made Easy,” reveals two
errors in the schematic on page 106.

First the trivial one: the counters
are incorrectly labeled as 7473 (in fact,
both are called 1C10a). They are, in
reality, 7493s.

Second, the multiplexers — all
nine of them — have a pinout error.
Instead of "B A C’ along the bottom
of each one (input address), they should
read “A B C,”" with the pin numbers
changed accordingly to “11 to 9.”

These are not crippling errors —
anyone who’s reasonably familiar with
TTL (transistor-transistor logic) would
spot the first one immediately, and the
second would cause scrambled key codes
but would sooner or later be figured
out.

Steven K Roberts
129 N Galt Av
Louisville KY 40206s=

Finishing the ) ob

The Programming Quickie ‘'Single
Stepping the 8080 Processor” {January
1979 BYTE, page 179) has one small
bug in it. A line of code was left out
of the program listing on page 180.
The last line of the program should
read: 118A JMP FINI C37D10.s



BYTE News . . ..

32 Bit Microprocessors Are Rumored. While Zilog and Motorola are struggling to get their 16 bit microprocessor-
ICs into production, Texas Instruments and Intel have been delivering theirs for some time. Now rumors abound
that both TI and Intel will show prototype 32 bit processors by the end of the year and may be in production by
the end of 1980 or the beginning of 1981.

Tremendous Growth of Personal Computer Systems Predicted for 1979. Mike Shea, marketing director for Atari,
who recently brought two personal computer systems to the market, predicts a four to sixfold increase in personal
computer sales for this year. He feels that between 200,000 and 300,000 personal computer systems will be sold
this year, compared to 50,000 last year, and said that in the future Atari will pay less attention to developing new
game consoles and instead concentrate on bringing out new software for existing units.

Fairchild Camera & Instruments predicts that 4.6 million programmable video games will be sold this year,
worldwide, compared to 2.1 million in 1978. Further, they predict that 18 million cartridges, worth $110 million,
will be sold, compared to 5.7 million, worth $18 million, last year.

Nonvideo games growth should prove even more dynamic, according to industry pundits. Sales should reach
$290 million in 1979, and possibly $500 million in 1980.

Lear Seigler Shipped 40,000 Video Terminals in 1978, The Data Products division of Lear Seigler announced that
in 1978 they shipped 40,000 video display terminals. This was more than they shipped in their six previous years
of doing business. LS is predicting an increase in video display sales in 1979 of 25 to 30 percent.

Centronix Reports 20 Percent of Its Printers Go to Personal Computer Makers. Centronix, the leading maker of
dot matrix printers, predicts that about 20 percent of its 1979 business will be from Tandy (Radio Shack TRS-80)
and from Apple Inc. At the beginning of the year they were shipping 1700 printers per month to Tandy (in other
words, 20,400 per year). Centronix is getting set to introduce a high density dot matrix printer and a word process-
ing impact printer to compete with Diablo and Queme.

Computer Stores Becoming Big Business. Computer stores are becoming mass merchandisers, judging by an order
recently placed with Perkin-Elmer Corp. Their terminal division announced that Micro-Age, a chain of five com-
puter stores in Arizona and Texas, placed an order with them for 2000 of their new Bantam video display terminals.
That’s a far cry from the garage-type computer store operations of just a year or two ago.

Battle Shaping Up in 32K EROM. In February 1978 Texas Instruments introduced its TMS 2532 4K by 8 EROM
(erasable read only memory), with full production promised for April or May. This meant that they were well
ahead of all the other integrated circuit manufacturers. They accepted orders for the device at $54 in 100 price
lots. Intel introduced their 2732 erasable read only memory in November. Needless to say, the pinouts were
different and a heated debate developed in the JEDEC committee over which would be the standard. TI hoped
their 10 month lead would favor them. However, they encountered production problems and only started to
deliver samples by year-end. Intel, in the meantime, is in production and has already lined up at least one second
source. TI is promising production quantities by April. The unit price on the Intel part is currently $140. The
2732 also uses the same pinout as the 2716 and 2708 EROMs.

HP May Be Developing Personal Computer System. Hewlett-Packard is rumored to be developing a new personal
computer system at its Corvallis Oregon Consumer Products division. HP has been selling a desktop computer

with BASIC in read only memory and an IEEE488 interface for a few years now. It is expected that the system
will be a scaled down version of this system, that it will have a base price of $1000, and that it will be on the market
this fall.

Tandy Developing New Computer. Tandy is rumored to be in development of a second generation Radio Shack
TRS-80, possibly with color capability. Tandy, which has a 200,000 square foot plant and staff of 700 making
the TRS-80, is supposedly looking for an outside manufacturer of the new system. Tandy also plans to develop
many new software packages for introduction this year.

Magnavox Files Suit on Microprocessor Video Game Patents. Magnavox, the originator of video games played
on home TV receivers, has filed suit against several manufacturers of programmable TV video games; among them
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are Fairchild, Bally, Sears Roebuck and Montgomery Ward. Magnavox has won previous suits on dedicated, non-
programmable video games. Some industry experts feel that if Magnavox is successful in this suit, the next step
might be to try to license makers of personal computers that connect to home TV receivers.

DEC Forms Retail Products Group. Digital Equipment Corporation, the largest manufacturer of minicomputers,
has formed a retail products group. Its initial objective is planning for expansion based on its successful experience
with a retail store, which opened last August in Manchester NH. Located in a shopping mall, the store sells small
computer systems starting at less than $10,000.

Flat Panel Displays Getting Closer to Production. Last month I reported on a flat panel terminal display being
readied for production by General Telephone and Electronics. Several other companies have also announced that
they have display panels in development. However, none appear near to replacing the present video displays, such
as that of GT&E. Nonetheless, they are worth reviewing.

Datascreen Corp, of Mountain View CA, will soon start sampling a 40 charactei LCD (liquid crystal display)
panel (5 by 10 dots) which works off 5 V and consumes 250 mW.

Westinghouse has already demonstrated a 180 by 180 line LCD panel for TV use. Hitachi has shown a 120 line
panel. Neither, however, is near production.

Electroluminescent type panel samples are already available from Sharp. A 480 character display usinga 7 by 9
dot matrix, with complete drive electronics, is currently available for $2500. A 240 by 320 dot graphics panel
will be available next year.

ISSCC Gives Preview of New Technology Coming. The annual International Solid State Citcuits Conference, held in
Philadelphia, February 14 to 16, saw the presentation of new hardware technology still in the research and develop-
ment stage. These devices will not be on the market for at least a year yet, and most are still 2 to 3 years off.

But all are real and coming. Here’s a partial list of some of those presented at the ISSCC:

From Intel: a self-refreshing dynamic 4 K programmable memory with 200 ns access, an NMOS 4 K static
programmable memory with 25 ns access, a 16 K HMOS static programmable memory with 45 ns access,
a 5 V only 16 K dynamic programmable memory with 100 ns access and an analog I/O (input/output)
microprocessor with on board erasable read only memory.

From Texas Instruments: a simple 1 transistor cell.

From Nippon Telephone and Telegraph: a 128 K bit read only memory and a megabit full wafer MOS
programmable memory with 350 ns access.

From Hitachi: a 1 K programmable memory with 5 ns access.

The Robots Are Taking Over. There are already about 20,000 robots at work in US factories. But this is just the
beginning. Japan and several European countries are already ahead of the US in introducing manufacturing robots
and automation under computer control.

Automation experts claim that in most manufacturing situations a product spends 95 percent of its time moving
and waiting. Time is money. Hence, automation can cut this wasted time tremendously, effecting considerable
savings.

Zilog Reports $18 million in Sales. Zilog, the creator and maker of the Z-80 processor, has reported sales for 1978
of $18 million. The company, which started in late 1975, and brought the Z-80 to the market in 1976, operated
in the red in 1976 and 1977. A company spokesman said that in 1978 they were ‘‘at breakeven.”

The Altair May Live Again. When Pertec bought MITS and its Altair line of PC system in 1977, they deserted the
hobbyists who made the Altair a succéss. Pertec tried to change the Altair into a small business computer system.
Things did not go too well. Pertec moved MITS from Albuquerque to California and then Pertec stopped making
Altairs in June 1978. Pertec now is going to resurrect the Altair and start producing it again, in a new plant it is
building in Albuquerque (of all places). Pertec plans to market it to small business users and not to personal com-
puter users.

Computers Produce $350 Million Trade Surplus. It seems that all we read about in the newspapers are trade deficits.
Well, Tast year the US exported $350 million in computer gear. Canada was the biggest purchaser ($12 million),

and Japan was second ($10 million). Actually the US exported $406 million but imported $56 million in computer
gear.

IBM Keeps Growing and Growing. When microcomputers came out and skyrocketed in popularity, many pundits
predicted that IBM's domination of the computer business was coming to an end. However, that is not what has
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happened. Today IBM has a larger backlog of orders than ever before. Their current backlog is more than four
times the computing power it has ever shipped. Delivery time on its new 303X large computers is now over two
years, and IBM has orders for about 13,000 of these machines, which replace large 370s.

Paper Newspapers and Mail May Soon Be a Thing of the Past. The ground work for a digital electronic mail system
1s now in the works. Imagine having your newspapers, magazines, bills, etc, delivered to you directly via your
personal computer system, and likewise being able to write letters (with on line text editing, naturally) and then
transmit them at the press of a button. It is already here in some large corporations and government agencies.

But during the 1980s, this technology will explode into business offices and homes. It is rumored that TI, HP and
IBM are developing personal computer systems specifically for these emerging applications.

Further, last December Xerox filed a petition with the FCC to develop a digital mail/communication system
using microwave. It would provide for document distribution, data communication, etc, at rates up to 256 K
bytes, which is far greater than current telephone systems and even than Bell’s new T-carrier system now being
installed. Xerox claims they will be able to deliver documents at less cost than the US mail. Each office desk would
be equipped with a keyboard, video display, disk and processor; and would be able to do word processing, sorting,
etc, in addition to mail handling. The mail handling naturally would be controlled by computer and hence include
automatic addressing, priority routing, multipoint delivery, automatic transmission of previously stored messages,
scan messages, etc.

GT&E is setting up a group to test market (in early 1980) a system to transmit data via telephone lines onto
modified TV receivers in homes and offices. The system will be similar to the Viewdata systems currently under
test by the British Postal System. GT&E is also negotiating for Viewdata licenses. ITT, TI and RCA reportedly
are doing the same. TI, however, is currently testing a home information system in Salt Lake City that sends data
over regular broadcast channels.

Also getting into the business is the US Postal Service, which last fall asked the US Postal Rate Commission for
authority to offer an on line service called Electronic Computer Originated Mail (ECOM). ECOM is expected to
start this year. The sender writes a “letter’”’ on a terminal and sends it via telephone to the post office, who routes
it to the destination post office where it is printed and delivered in the conventional way. This will be used mostly
for mailing bills, overdue notices, etc.

This communications revolution will be boosted by the new Advanced Communications Service (ACS) for which
AT&T recently received approval. ACS will lower data transmission costs and increase service. It will lower costs via
shared communications facilities and make possible interfacing of incompatible terminals and computers and provide
user selectable communications capabilities.

A few personal computer groups have already started a sxmple system called PCNET. The leading PCNET activity
is run by the CACHE group (Chicago Area Computer Hobbyist Exchange). Other PCNET groups are functioning in
the San Francisco, LA and Atlanta areas. The PCNET uses modems and telephone lines for communication. A
writeup on PCNET appeared in the November 1978 BYTE.

Another personal computer approach has been taken by AMRAD (Amateur Radio Research and Development
Corp) in McLean VA. They have established a bulletin board type system using telephone and 2 meter
radio telephone.®

Sol Libes

UCTI

1776 Raritan Rd
Scotch Plains NJ 07076

PET PRINTER ADAPTER

GET HARD COPY FROM YOUR  The CmC ADA 1200 drives an ~~ $98.50  apa 12008
COMMODORE PET USING A RS-232 printer from the PET Assembled and tested

STANDARD RS-232 PRINTER  |EEE.488 bus. Now, the PET

owner can obtain hard copy $|6900 ADA 1200C
listings and can type letters, With case, power supply |m
manuscripts, mailing labels, and RS-232 connector

tat?les of data, pictures, in- Order direct or contact your local computer store.
voices, graphs, checks, needle- Add $3.00 for postage and handling per order.
| etc., using a
Eeiftl iPatierns, 8ing CONNECTICUT microCOMPUTER

1200C ;
standard RS-232 printer or (] ) 150 POCONO RD, BROOKFIELD, CT 06804
terminal () {203) 775-9659

12008 '5‘
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TRS-80 SOFTWARE ON
COMPATIBLE CASSETTES OR DISKETTES

SUPERZAP Hex dump utility for examining & changing disk sectors or main
25.

memory ... Needs DOS2.1and 32K ... ........... ... ..o.eiin. $
DISASSEMBLER IN MACHINE CODE Works with disk object 10ad modules &
prowvides location reference table. also disassembles any ram locations . . . . . $25.

ASSEMBLER MODS FOR DISK OPERATION Changes your TRS-BO non disk
assembler 10 provide full disk 1/Q utihities . .. ........... ... ... $25.
LOAD MODULE  Accepts EDTASM created load modules from tape & converts &
stores them in DOS executable formatondisk . ................ ..... $26
LEVEL | RELOCATED IN LEVEL Il RAM (16K} - Run your non-convertible Level
| programs or make Level | compatible tapes in your Level Il machine . .. .. $16.
ACCOUNTS RECEIVABLE AND INVENTORY CONTROL - Disk based systems
requinng DOS 2.1 (utilizes random files} - By Mike Kelleher .. .......... $30. ea.
BASIC DIRECTORY Allows review & execution of disk (directory) programs
while under BASIC. with automatic Index Feature .. . ................. $15.
ANYSORT  Utiity program allows definstion & manipulation of any form of data
file. Useful {or record keeping & inventory control .. .. ................ $15.
TRIBBLE TRAP  One of the best Level Il graphics games we've seen . . . . . $ 7
Above 3 programs by Ralph Burris require Level I1.

3-D REAL TIME LUNAR LANDER. $10; PLAY CHESS. $5.; TWINS PARADOX,
$2.; By Michael Dreiger (16K Level 1)

MICRO TEST EDITOR (Word Processor) 4K, $8.. BIG PRINT. $2,; & CONCEN-
TRATION 16K, $4.; By Don Coon (Level i only)

MAIL LIST - Disk based program which SORTS & prints LABELS By James
BeaUCRAMD . . o i e e e e $35.
FINANCEER -- 20 Financial type programs on disk by James Beauchamp . . $35.
JOB ENTRY & STATUS REPORT - By Al Hargis requires 32K & DOS 2.1, handles
34010BS INABK . . ..ot e e e $75.

DATA-SET CONTROL PACKAGE - Provides cassette file OPEN, READ, WRITE &

CLOSE functions plus 2 utility programs & full documentation . ......... S 8.
PERSONAL FINANCE PACKAGE — {3 Programs). .. ................. $15.
MORTGAGE CALCULATIONS & MATH TEST . ... ....o ... $ 5. ea.
The above 3 programs by John DeMita

HOROSCOPE CASTING BY COMPUTER - by D. L. Pitman ........... $10.
Level |1 has output formatted for printer

QUBIC - By Alvin Files {3-D tic tac toe with graphics) Level 11 (16K} ... . § 4.
HEROQ'S QUEST - A version of swords & sorcery—16 K (Level 11} ... ... .. $ 5.

SEND FOR FREE CATALOG FOR COMPLETE PROGRAM LISTING. A FEW
SAMPLE GAMES FOLLOW: STAR TREK (8K}, FLIGHT SIMULATOR {4K),
FOOTBALL(BKY . ... i $ 5. ea.

ADD $2 FOR PROGRAMS ON CASSETTE, $5 FOR DISKETTE
{INCLUDES SHIPPING AND HANDLING) Colorado residents add 6% sales tax.

SOF 1\2ARE AOYALTY PLANS, PET PROGRAMS,
AND TRS 80 COMPATIBLE PERIPHERALS ALSO AVAILABLE

pparat, Incorporated New DOS

now available.

6000 E. Evans Av. Bidg. 2 Call or write
Denver. Co. 80222 (303) 758-7275 for details.
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Don Lancasters “Cheap deeo' concept allows almost
unlimited options, including:

the ULTIMATE in
CHEAP VIDEO

BOOK & KIT
ONLY $42.95

* Scrolling: Full performance cursor.
% Line/Character formats of 16/32, 24/80, 32/64....

or almost anything.

* Graphics-uyi to 256 X 256 B&W: 96 X 128 COLOR

(requires low-cost option modules)

% Works with 6502, 6800 and other micros.

SPECIAL OFFER: Buy the Kit (upper case alpha-
numeric option included) & get the Book at 1/2 price.

PR ELECTRONICS. DEPT.4-B, 1020 W. WILSHIRE BLVD.. OKLAHOMA CITY. OK 73116

April 1979 © BYTE Publications Inc

I'm Sold. PLEASE RUSH.....

() SEND FREE CATALOG
() TVT-6538 Kit & CheapVideo Cookbook - $42.95 (enclosed)
() TVT-6898 Kit only (book required for assembly)-sss 95
name:
address:
city: state: zip:

! BBAA ELECTRONICS DEPT. 4-B, 1020W. WILSHIRE BLVD.. OKLAHOMA CITY. OK 73118
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Continued from page 6:

Another cause for possibility of losing
files is just plain lack of experience with the
system involved. A friend of mine who
works at Digital Equipment Corporation
tells the tale of how he once forgot which of
several operating systems he was working on
— and deleted a whole slew of files thanks to
a “‘feature’” known as wild card operations.
Such operations are shortcuts to allow more
than one file name to match the file name
specified to the operating system. This
friend’'s problem came from the fact that
one PDP-11 operating system had a wild
card specification that in another operating
system was a unique specification.

There are more than just wild card
opportunities for not understanding or
forgetting how the operating system soft-
ware works. There are many ways in which
the user of any small computer can interfere
in disk filing operations so that the file will
be lost, or a whole disk file directory will be
lost. For example, all it takes is the simple
removal of the disk from the drive or reset-
ting of the computer while an operation is
being performed. Thus the fundamental rule
of small computer and big computer use is
“don’t touch the computer during a disk (or
tape or any other filing) operation.”

But when you introduce the possibility of
physical errors due to imperfect media, the
whole problem gets complicated, and
sometimes such a simplistic rule has to be
violated. My problem may have resulted
from the facts that | have been using one
floppy disk for three months solidly and
that | was updating a file one stormy winter
day. Because floppy disk media are contact
media, they are indeed subject to wear.
Whether it was wear or the wiles of Peter-
borough Flicker And Flash division of New
Hampshire Public Service, on the day of the
disaster | got a little message from the
physical 1/O disk drivers which support the
operating system.

It was an ominous message, for several
reasons. First, it occurred during a “‘krunch”’
operation which is the UCSD Pascal system’s
disk file compression program. Second,
occurred after the last file had been moved,
so it was most likely during a directory write
operation. Third, it was one of these frus-
trating situations where an apparently
infinite retry loop was involved, with one
error message coming every 15 or 20 sec-
onds. So, | violated the rule stated above and
reset the computer.

That was the end. The directory was no
longer valid, | had no alternate directory,
and | had not the foggiest idea ahead of time
about what to do to fix this situation. The



directory included maybe 20 or 30 Pascal
programs which | had written during the
preceding month or so, including a really
useful one called “littleblackbook.” Well, in
my experience using computers, the best
course of action following such a disaster has
always been to sit back and contemplate
what has happened, to avoid compounding
the problem with hastily conceived actions.

One thing was obvious. Only the direc-
tory had gotten zapped. This was confirmed
by the use of some of the utility functions
built into the UCSD Pascal system software:
in the Filer portion of the system, one can
scan for bad blocks on a disk, then enter a
fixup routine to try and recover most of
the data. The bad block was obviously in the
directory, due to its physical location on the
disk and that in using another copy of the
system no directory could be found among
the remaining data on the damaged disk.
Knowing this, plus the fact that the files in
the UCSD are stored contiguously on the
disk, | knew that all the actual data was out
there and that | just could not get at it
through the normal directory methods.

But, if | could read the disk without the
benefit of paying attention to such niceties
as file structures, | would be able in principle
to recover from this problem by writing a

relatively simple program. Well, | proceeded
to do exactly that. Since most of my data
was in the form of programs, my first
step was to write a program which would
search arbitrary disk blocks in sequence
from a starting block to the end of the disk.
As each block was read by the program, |
printed a confirmation message giving the
current block number.

In this search, the program would look
for the key word PROGRAM which begins
every program’s text file. When found, |
would print out the first 20 characters of the
file starting at the word PROGRAM. This
would give me a physical block address
directory of all the Pascal programs on the
damaged disk. The program entitled Recover
found in listing 1 accomplished this end for
me, using the low level 1/O procedures of
UCSD Pascal called UNITREAD, UNIT-
BUSY and UNITCLEAR. Output was
directed to the screen and to the printer
using the usual techniques of the 85/P
implementation of UCSD Pascal: a control P
character is intercepted from the keyboard
to toggle on and off the output to the
Diablo Hytype |l printer | have on the
system.

Once | had this printed directory of
physical blocks which had the word “PRO-

A price

burned-in. and ready to use

A product

that's hard to beat.

Because of new technology and high-volume company
sales. Central Data Corporation has reduced the price of
its 16K RAM board by $40 and its 32K RAM board by $50.
Plus. we now offer full 48K and 64K RAM boards. Our
16K. 32K. and 48K boards are expandable to 64K in 16K

Our boards come complete--fully assembled. tested.

increments.
o 16K RAM—$249 o 48K RAM—$599 1% | w.aﬂi J
o 32K RAM—$425 o 64K RAM—S775 i

® Memory Expansion Package (16K)--$185

Standard Features
® S-100 and Z-80 compatible

® Power-saving dynamic board with on-board invisible

refresh

Central Data Corporation's RAM Board

® One-year guarantee on parts and labor

Contact Your Local Dealer
To order our RAM board and for more information. contact
We've also made improvements to our board's design at your local computer dealer If unavailable ocally. the
no extra cost to you. board and other Central Data products can be ordered
directly from us. And. as always. we welcome any
® Deselectable in 2K increments. Our deselect feature questions that you have about our prodtcts
enables you to switch off any 2K to avoid overlap Central Data Corporation

with your existing memory.

® Fully socketed memory. This feature enables you P.O. Box 2530, Station A
to expand the memory board yourself. 1207 N. Hagan

® Plug selectable addressing. Now you can Champaign, lllinols 61820
re-address without soldering. (217) 359-8010
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that’s better than ever.
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LEADER IN

MICROCOMPUTER EDUCATION

AN IMTRODUCTION TO PERSON-
AL AND BUSINESS COMPUTING
by Rodnay Zaks

250 pp, ref C200 56.95
The basic introductory text
on microcomputers, with a
detailed evaluation of the fea-
tures and peripherals required
for specific applications. No
prior computer knowledge
required.

MICROPROCESSORS: from Chips
to Systems

by Rodnay Zaks

420 pp, ref C201 §9.95
An educational text, used
worldwide at universities and
in industry designed to teach
all the fundamentals of mi-
croprocessors, the assembly
of a system, and its use.

FROSGAAMMNG THE

N

PROGRAMMING THE 6502
by Rodnay Zaks

320 pp,refC202  $10.95
An introductory program-
ming text for the 6502. Does
not require any prior pro-
gramming knowledge. From
arithmetic to interrupt-driven
input-output techniques.

6502 APPLICATIONS BOOK
by Rodnay Zaks

ref D302 $1295
Actual application programs
to interface the 6502 to

the real world, from LED to
motor, and anaiog-digital
conversion. Available Shortly

TO ORDER

By phone: 415 848-8233, Visa, MC,
Amer Express

By mail: circle books on ad. Include
payment.

Shipping: add 65¢ per book (4th class)
or $1.50 faster shipping (UPS).
Double for cassetles and overseas.

Tax: in California add lax.

LFREE DETAILED CATALOGUE Tel 415 848%%%? Telex 33631 u

N

MICROPROCESSOR
INTERFRCING TECHNIQUES
Austin Lesea and Rodnay Zaks
416 pp, ref C207 $11.95
All the basic interfacing
techniques, from keyboard to
floppy disk, including the
standard buses (5100 to
1EEE488).

MICROPROCESSOR LEXICON
120 pp, ref X1 §2.95
Dictionary and tables. All the
definitions of the micropro-
cessor world in a pocket

book format

MICROPROGRAMMED RPL
IMPLEMENTATION

330 pp, ref 210 $25.00
How to design an APL

interpreter. 3507
APPLICATIONS BOOK

y 1

SELF STUDY COURSES ON
CARSSETTES

Ten courses to study at home
orin the car. The most time-
efficient way to learn. Includes
workbook and cassettes.
INTRODUCTORY $29.95ea
S1-INTRODUCTION TO MI-
CROPROCESSORS (2.5 hrs)
S2-PROGRAMMING MICRO-
PROCESSORS (2.5 hrs)
COMPREHENSIVE $59.95¢a
SB1-MICROPROCESSORS

(12 hrs)

SB2-MICROPROCESSOR
PROGRAMMING  (10hrs)
SPECIALIZED $49.95
SB7-MICROPROCESSOR
INTERFACING (6 hrs)

2020 Milvia Street
Berkeley, CA 94704
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GRAM?” in them, | proceeded to modify and
extend Recover until | had a second Pascal
program called Grabber which would phys-
ically grab the good data from the damaged
disk and write it on the new system disk as
a file called A.TEXT. Grabber starts at a
block address obtained by Recover’s listing
and transfers all data to the new file. This
continues until a block is found containing
the magical key word END. which marks the
last line of every Pascal program in the
system.

The text of Grabber is found in listing 2
accompanying this editorial. It has a couple
of minor technical points worth noting.
First, the UCSD Pascal system editor pro-
gram tries to keep integral lines of text
(marked by carriage return codes) within
one block of 512 bytes of data. Since lines
vary in size there is usually a segment of null
data at the end of each block. Second, the
UCSD Pascal system uses a form of data
compression to eliminate redundant spaces
at the beginning of each line of text in a file,
so the first two bytes physically following a
carriage return character are often (but not
always) not text at all but codes indicating
line compression. Thus in converting the
file, the conversion program Grabber had to
ignore all nonprinting characters except
carriage returns and various combinations of
characters following a carriage return.

The end result of running Grabber is
always a file called A.TEXT, which | can
then change to a name appropriate for the
program being recovered. In this way, the
new system disk could be restored with the
contents of any program | wanted to use
from the old disk. Now, of course, the old
disk will never be modified in any way until
I have recovered all the data | want from
it.

The final version of the Grabber program
as | wrote it is shown in listing 2a. It is still
not perfect, for there are various strange
combinations of carriage return and indenta-
tion codes which crop up when a file is
recovered in this manner. It only handles the
most common states of indentation codes.
The exceptions are relatively benign, in that
they get turned into arbitrary charac-
ters at the beginning of lines. These charac-
ters can in turn be edited out of the file after
the grabber has completed its operation.
Verification of the success of this strategy
has been provided by several programs which
compile and run as expected after transfer to
new files using Grabber.

As for new operating procedures, | have
now started to make a more regular practice
of backing up files on my system disk. It
turns out that there is no particular diffi-
culty in transferring the entire contents of a




disk from one drive to another using the
UCSD Pascal system’s filer program. So,
readers who wish to learn from my little
fiasco should consider taking the time at
least once per day to copy all the files on
their main disk to a backup disk as a little
bit of logical insurance against a serious
filing system problem which may or may not
ever happen. This is an important practice
even if all you are using your computer for is
fun and games, for every program that is
ever written takes time and energy to create
and type into a computer.

Listing 1: The first stage in the process of
recovery from the directory zeroing disaster
was to write an exploratory Pascal program
called Recovery. The zapping of course only
applied to the current system disk, copied
from the master supplied with the system.
Thus it was possible to make a new system
disk for the purposes of compiling programs
such as this one.

{Program to scan blocks on disk for text string "PROGRAM"}

PROGRAM recovery;
CONST
disk = 5;
VAR
blocknr,i,j : INTEGER;
anychar : CHAR;
buffer : PACKED ARRAY(0..511} OF CHAR;

PROCEDURE initialize;

BEGIN
WRITELN ('Enter starting block number for scan');
READLN (blocknr) ;
FOR j := 0 TO 511 DO buffer(j] := ' *;

END {initialize};

PROCEDURE findprogram;
BEGIN
WRITELN (' Checking Block #',blocknr);
UNITCLEAR (Qisk) ;
UNITREAD(disk ,buffer,512,blocknr,0);
UNITWAIT (Qisk);
j :=0;
WHILE j < 480 DO
BEGIN
IF (
(buffer(j+0)="'P') AND
(buffer(j+1)="R') AND
(buffer[j+2]}='0"') AND
(buffer{3+3]='G') AND
(buffer[j+4)="'R') AND
(buffer(j+5]}="A"') AND
(buffer[j+6)="'M"))
THEN
BEGIN
FOR i := j TO j+20 DO WRITE(buffer(i]);
WRITEIN('');
j := 505

+1

i

j =

END;
blocknr := blocknr + 1
END {findprogram};

BEGIN {recovery}
initialize;
REPEAT
findprogram
UNTIL blocknr > 1100;
END. {recovery}

Write faster in BASIC,
FORTRAN, or COBOL

Document & modify more easily, too

Human-engineered to do the job better. Yes, you really can get flawless code
faster, using the Stirling/Bekdorf™ system of software development tools with
structured programming concepts. The 78F2, 78P4, and 78C1 are human-engineered
to reduce initial errors, improve de-bugging speed, and aid concept communication.

First, use the 78F2 Flowchartrix™to lay out your original concept blocks. Then
use it to write a finely detailed flowchart.

54% more logic cells than other flowchart forms, put far more of your program
on each page. Each Flowchartrix has a full 77 logic cells, not just 50. This saves
paper, and makes your finished flowcharts easier to understand. By seeing up to
27 extra steps of a program on each page, you comprehend program flow more
clearly. You save money and storage space, too.

Every matrix cell in the 7 x 11 matrix has a specific label to help you track
branch points. When you write program documentation, having a separate reference
point for each cell makes your program much easier to describe clearly.

With Flowchartrix, you don't need a shape template to draw remarkably regular
logic symbols. Guides for the most-used logic symbols are right in each matrix
cell, to heIrP you draw most standard flowchart symbols entirely free-hand.

78P4 Print-Out Designers are next. When you finish flowcharting, lay out the
printed reports your program will generate. Then when you write code you blaze
through the report generation segments right along with the rest of your program.

Unique 70 x 160 matrix accommodates even proportional-spacing word processor
formats. The 160-column width can handle practically any printer format. The
78P4 is big, 14% x 22 inches, because we've scaled the cell size to human writing
comfort, not machine print. giving nearly twice the character-writing area of other
printout design sheets.

Special 5-column area records the program line number of the code which
creates each printed line. It shows, at a glance, exactly which line of code creates
each line of your report, saving hours of needless search time when you must
change the report format (and don't you always have to, sooner or later?)

Every sheet of 78C1 gives you 2 form uses for the price of one. Use 78Cl's
full 28 line x 80 column grid area to code regular program steps. Then for inter-
active or instructional sections, simply keep your characters within the appropriate
CRT indicator lines, and you'll automatically know where every character will show
onyour CRT screen.

28 line x 80 column coding capacity saves you 14 sheets out of every 100,
compared to 24-line forms. 86 sheets hold more program steps than 100 sheets
of any 24-line form, yet we offer full-size 6mm x 3mm grid blocks to give you
comfortable writing room and visual space between lines.

Works with your CRT display, no matter what brand you own. Equipped for
both 16 line x 64 column and 24 line x 80 column display formats.

Available in three versions (one for BASIC languages, one for FORTRAN, another
for COBé)L), the 78C1 is so powerful we include a 7-page instruction manual with
every order.

very tool in the Stirling/Bekdorf system is surface-engineered to take both
pen & pencil without blotching. Our tough, extra-heavy, 22= paper is pure enough
to use with critical magnetic ink character readers, and gives you crisp. sharp char-
acters with pencil or plastic-tip pen.

Every part of our system uses eye-comfortable soft blue grids. All grid rulings,
tints, and division rules are reproduced in a special shade of blue, easy on your
eyes even after hours of continuous programming. If you're a professional pro-
grammer, you'll particularly appreciate our improvement over the green lines you've
been writing on.

A 3.ring binder is one more of our secrets for your success. All your notes,
logic concepts, flowcharts, code, CRT layouts, print-out designs, and documentation
can be kept together, in order, in one place. When everything you create stays
together, debugging and modification is much simpler.

Order your suppln of the world's most advanced software development tools,
right now, before you hatch even one more bug.

78F2 Flowchartrix 78C1 Combination Coding/CRY Layouls
O 2padsof 50 = 3790 « $2.85 phng & shpg Al . but pl heck which |
O 10 pads o 50 = $34.35 + 36 45 phng & shg s
O for BASIC O for FORTRAX O for COBOL
784 Print-Out Design Sheels a2 150 $635+ 3195 & o
O tpad of S0~ 3745+ 5315 phng & shog pads of 50 = + 3195 pkng & shog
O 5 pads of 50 = $32.10 + 36 75 phng & shog O 10 pads of 50 = $26 85 + $3 35 pkng & Shpg
Teaas sendents Pease 304 5 5% sales 120 1o base puce. We thy
3hole punched vinyl pockets for 78P4 Design Sheets UPS 50 PO Bor addiess must gree phons number  Frices shome
O setol 5 for $265 + $1 35 pkng & shog for pachng & shppung are U S A ooy International thopeg rates
0 setof 12101 3500 + $1 BS phng & shpg e hgher, weite bor detasts
O Sample of one sheet of each form + Charge to: O Master Charge O Visa exp. date
associated Iabels & Wterature $2.50 Card ¢
Enclosed is my check for §. Signature
Name
Address Phone .
City State Zip
4407 Parkwood O San Antonio, TX 78218 0(512) 824-5643
h4 © 1978 StuigBetdort Bn of Blaciosa Wity Co. toc.
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Small Computer Systems

You don’t buy a
personal computer
everyday.

So when you do,

make sure you know
what you're buying.

Hayden can help with
4 introductory guides!

A Consumer’s Guide to Personal
Computing and Microcomputers
(Freiberger/Chew)

You need no previous knowledge of
microcomputers to understand and use
the introductory principles and products
that are explained and reviewed.
#5680-X, paper, $7.95

Handbook (Libes)

A p