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Performance and capabilities never before possible are now
available to you in the SWTPC S/09. Computer System.The
S/09 uses the Motorola MC6809 processor, the most
powerful 8-bit general purpose MPU available. It features
more addressing modes than other 8-bit MPU's and an
optimized consistent instruction set enhanced by powerful
16-bit instructions. This, plus 24 indexing submodes,
promote the use of modern programming techniques like
position independent code, re-entrancy and recursion.

The 20-bit address bus makes possible direct addressing of
up to 768K of memory without any slow or clumsy pro-
cesses such as bank switching. RAM memory is designed
with independent control and array cards for economical
expansion of memory. The DMA and the processor boards
can access memory independently for different tasks.

Multiuser capability is “’built-in”. No additional hardware
is required to operate additional terminals. A dynamic
memory management system can allocate available RAM in
as small as 4K blocks to the various users or tasks.

The dual-bus motherboard design used in the S/09 makes
adding 1/0O ports to the system quick and economical. |/0O
address decoding for all 1/0 slots is supplied with the sys-
tem. All serial I/O cards may be quickly programmed to run
at standard baud rates from 110 to 38,400.

Both multiuser and multitasking/multiuser operating sys-
tems are available for the S/09. BASIC, PASCAL and an
Assembler are immediately available. Editor and Debug
programs are also available for use in system development.

S/09 complete as shown with 128K bytes of RAM memory, one parallel and two serial 1/0 ports. . .$2,995.00

128K memory expansioncard . .. ..............

.............................. $1,995.00

Circle 356 on inquiry card.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY

SAN ANTONIO, TEXAS 78216

(512) 344-0241
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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.

Circle 80 on inquiry card.

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 1/0O 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.

=

Card Cage

Cromemco

Specialists in computers and peripherals

32K BYTESAVER PROM card

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 /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 Model SCC is available now at a
low price of only $450 burned-in and
tested (32K BYTESAVER only $295).
So act today. Cet this high-capability
computer working for you right away.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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Low-cost hard disk coputers

2

are here

11 megabytes of hard disk and 64 kilobytes of fast RAM in a
Z80A computer for under $10K. Two floppy drives, too.
Naturally, it’'s from Cromemco.

It's a reality. In Cromemco’s new
Model Z-2H you get all of the above
and even more. With Cromemco you

microcomputer field. Software Cro-
memco is known for. Software like
this:

Included in that cabinet, too, is
Cromemcoruggednessandreliability.
Cromemco is time-proved. Our

get it all. ® Extended BASIC equipment is a survey winner for

In this new Model Z-2H you get e FORTRAN IV reliability. Of course, there’s Cro-
not only a large-storage Winchester ® RATFOR (RATional FORtran) [ECOS aII-metaI’ cabinet. Rugged,
hard disk drive but also two floppy e COBOL solid. And, there’s the heavy-duty
disk drives. In the hard disk drive you ® 280 Macro Assembler power supply (30A @ 8V, 15A @
get unprecedented storage capacity ® Word Processing System +18 V, and 15A @ —18V) for cir-
at this price—11 megabytes unfor- e Data Base Management cuitry you'll sooner or later want to

matted.

You getspeed—both in the 4 MHz
Z80A microprocessor and in the fast
64K RAM which has a chip access
time of only 150 nanoseconds. You
get speed in the computer minimum
instruction execution time of 1 micro-
second. You get speed in the hard
disk transfer rate of 5.6 megabits/sec.

EXPANDABILITY
You get expandability, too. The
high-speed RAM can be expanded to
512 kilobytes if you wish.
And the computer has a full 12-slot
card cage you can use for additional
RAM and interface cards.

BROADEST SOFTWARE SUPPORT

With the Z-2H you also get the
broadest software support in the
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with more coming all the time.

SMALL, RUGGED, RELIABLE

With all its features the new Z-2H,
including its hard disk drive, is still
housed in just one small cabinet.

Hard disk drive at lower left can be inter-
changed just by sliding out and disconnecting
plug. Seven free card slots are availfable.
Z-2H includes printer interface card.

Cromemco

plug into those free card slots.

CALL NOW

With its high performance and low
price you KNOW this new Z-2H is
going to be a smash. Look into it
right now. Contact your Cromemco
computer store and get our sales
literature. Find out when you can
see it. Many dealers will be showing
the Z-2H soon—and you’ll want to
be there when they do.

PRESENT CROMEMCO USERS
We've kept you in mind, too. Ask
about the new Model HDD Disk
Drive which can combine with your
present Cromemco computer to give
you up to 22 megabytes of disk
storage.

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

Tomorrow’s computers now

Circle 80 on inquiry card.
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One of the quickest ways
to gain experience with a
processor is to actually pro-
gram and interface to it. The
Intel 8086 16-bit processor is
now available for evaluation
as the SDK-86 single board
computer. Steve Ciarcia
evaluates the SDK-86 board.

Page 14

The solution of games
such as Soma Cubes and
polyominoes presents the
computer programmer with
a nontrivial problem.
Although the method of
solution may seem quite
straightforward, the actual
implementation may use up
excessive amounts of
memory or time. This was
one problem facing Douglas
Macdonald and Yekta
Gursel when they started
Solving Soma Cube and
Polyomino Puzzles Using a
Microcomputer. Their final
program is capable of sol-
ving many problems of this

About the Cover

The theme for this issue is
“Fun and Gares”, using the
personal computer to imple-
ment dynamic interactive
forms of enjoyment not
otherwise possible. In the
cover by Robert Tinney, en-
titled “The Magic of Com-
puters”, we find the essence
of an ancient shell game
applied with a desk top com-
puter as the missing pea.

sort in reasonable lengths of
time on an 8 K byte
machine.

Page 26

Peter B Maggs takes
readers behind the scenes to
show how a programmer
can design a board-game
program using minimax
theory, a techngiue used to
maximize one's chances of
winning a game. Read Pro-
gramming Strategies in the
Game of Reversi, a tutorial
article with broad
applicability in the field of
computer games.

Page 66

Implementing the data
structures needed to simulate
a chess game is a task that
the average programmer is
quite capable of performing.
However, developing an
effective method of defining
the respective priorities for
all the possible moves is a

cumbersome task whose
solution has eluded many
programmers. W D Maurer
illustrates the use of the
game-tree diagram in a
method called Alpha-Beta
Pruning, a technique that
offers a possible solution to
this problem.

Page 84

Owners of Commodore
PETs often wish to have
hard-copy printouts of data
appearing on their machine’s
video displays. P K Govind
gives advice on how to ob-
tain hard copy in Interfacing
the PET to a Line Printer.

Page 98

Charlton H Allen

demonstrates a simple pro-

cedure for evaluating

mathematical expressions

that employ stack control.
Page 140

Have your recent
endeavors with your per-
sonal computer been all
work and no play? Tony
Estep discusses some of the
basic principles involved in
Writing Animated Computer
Games. The software was
written for the SOL-20, but
with minor modifications
will run on any VDM-based
8080 computer.

Page 152

Escape all your earthly
restrictions and go into orbit
with A Spacecraft Simu-
lator. Gary Sivak has put
together a BASIC program
to put your celestial flight
skills to the test.

Page 104

Ore type of popular
computer-game activity is
the simulation of sports
events. If you have ever
wondered if the best
baseball team of today could
beat the best team of some
long-past season, you may
now be able to get at least a
theoretical answer. Joseph ]
Roehrig developed a system
that uses real statistical data
to simulate the play of
baseball games, and he now
shares it with us in The
National Micropastime.

Page 113

Using stacks can help to
simplify otherwise very
complex programming pro-
blems. In Stack It Up,

Even if you own a
minimum computer system,
you can still do interesting
things with it. Charles A
Kapps gives Five Useful Pro-
grams for the SC/MP which
are suitable for minimum
systems. The routines can be
converted to other systems,
such as the COSMAC VIP
and KIM.

Page 172

Do you need a simple
device to show logic signals
compared to the system
clock? Frank DeCaro can
help you to Build a Simple
Digital Oscilloscope.

Page 222

Where most people are
particular about the com-
puter they buy, they don't
think twice about the most
frequently used component
of a system: the keyboard.
The Cherry PRO Keyboard
is Dan S Parker’s choice and
he tells us why.

Page 232
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I've seen Lanier, Vydec,
Xerox, Olivetti, and Wang.
I've chosen WORDSMITH
from MICRO DIVERSIONS.

9
(it i,

Congressman Charlie Rose
Chairman, Policy Group .

. on Information and

Computers

COOROSMIth”

TEXT EDITOR

Yes, I'd like to learn more about Wordsmith.™  Send me your information packet.

Name .
Micro Diversions, inc.

o[V ——
R 8455-D Tyco Road,

ACIEhESS "D . ——  Viennaq, Virginia 22180
Cllye— e = —— A (703) 827-0888
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computersyster
made by these
COMPAnIieEs.

Altos Computer Systems
2378-B Walsh Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandley Dr,
Cupertino, CA 95014

Commodore Business Machines, Inc.
3330 Scott Boulevard
Santa Clara, CA 95050

Digital Microsystems inc.
(Formerly Digital Systems)
4448 Piedmont Ave.
Oakland, CA 94611

Imsai Mfg. Corporation
14860 Wicks Bivd.
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.
@130 Red Branch Road
Columbia, 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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Is Pseudoscience Done by
Computer Pseudo-Computer-
Science?

by Carl Helmers

One of my main tasks each month is reading all the manuscripts which are
sent to BYTE by authors, who are often our readers. The number of well-
prepared manuscripts which come our way is fantastic, and for obvious
reasons of space we can only accept so many in a given interval of time. Thus,
when an unsolicited article is received, we look for a certain uniqueness of idea
and appropriateness for our readers. The article content of BYTE magazine is
approximately 90% the result of unsolicited articles. Of course, exceptions
occur, for example, the 6809 series by Joel Boney and Terry Ritter (which
required a bit of encouragement in advance of its writing), or several of the
articles on LISP in our August 1979 issue, which were solicited explicitly by
guest editor John Allen.

Thus, a magazine like BYTE has proven to be a self-generating forum, as the
readers interact with authors and, as they write about their own particular
experiences or pet concepts, even become authors.

This month our featured theme for the issue is loosely entitled “Fun and
Games,” ie, how computers can be used in various forms to implement mental
recreations. We describe how to use computers to simulate mythical worlds
and situations and to examine logically defined games and their states. All
these topics and more fit under this general category of fun and games.

Readers who examine our table of contents, however, will find that not one
of our recent articles has been devoted to the subject of “biorhythms,"” this in
spite of the immense popularity of biorhythm programs at every convention
or computer demonstration and a virtual flood of prospective article submis-
sions on this topic. Far be it from me to belittle the concept of having harmless
fun with computers by creating fantasy trips and games. Just because one can
program a computation does not make that computation a valid representa-
tion or model of the real world — witness the fun and humor we get out of
fantasy games. Humor is in large measure due to a gentle (or not so gentle)
bending of reality in a specific and limited context.

But some biorhythm writers start out by pontificating the veritable truth of
a hypothesis and its implications, and fail to make the point that it is all a
fantasy simulation. Most people writing about the biorhythm algorithm
assume that it corresponds to a proven, well-documented and scientifically
valid field of endeavor.

[ am reminded of the epistemology of a former associate of mine, who shall
remain anonymous. His epistemology essentially boiled down to “if it is
printed on paper it must be true . . . .” Much has been printed about the alleg-
ed validity of the biorhythm mythology; there is an entire branch of the
special-purpose computer industry devoted to cranking out biorhythm
calculators. And biorhythm programs do indeed appear in much of the sales
promotional literature of personal computing. But that does not make the
results a science any more than the prevalence of adventure-style games in
tomorrow’s computers makes any statement about the real world, other than
mankind’s characteristic love of fantasy. A corollary of the “if it's printed”
epistemology is the statement “if it is represented in a programmed calculation,
it must be true . . ..”



"I 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 fime after
hours to have some fun with the system. My son
and | starfed out playing Star Trek on the system,
and now we're learning to play chess.

“When | was shopping around for my system,

fhe guysin the computer stores demonstrated all
the unigue features of the minifloppy. I've got to
admit that at first | didn't really understand all the
tfechnical details. But now that | use the system
every day, | really appreciate the minifloppy's fast
random access and data fransfer. | 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 mninifloppy.

Shugart Associates

435 Oakmead Parkway, Sunnyvale, California 94086

See opposite page for list of manufacturers featuring Shugart’s minifloppy in their systems.
TM minifloppy is a registered trademark of Shugart Associates
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As commonly stated, the biorhythm hypothesis has
two major assertions. The first is that there exists a fixed
point in time, namely the date of birth, when each indi-
vidual's biological clock starts ticking. The second is that
there are three well-defined periods which start in phase
at that reference point and have an integer relationship to
one another. The particular integers are unimportant.
Then, by doing a Fourier summation with unit amp-
litudes on the three periodic waveforms, we come up
with the time domain evaluation of one’s state for any
given date after birth. Much graphic display program-
ming can be done to make the results of this meaningless
calculation look beautiful on a color terminal.

The holes in this hypothesis are obvious. First, why are
integer ratios used? After all, nature seems to abhor
integers in physical constants, especially so in com-
plicated systematic entities such as biological organisms.
At the level of physical constants and ratios of physical
constants, there is only one experimental near-integer of
any prominence: the reciprocal fine structure constant
(137.0360) — and even its “integerness” has become less
significant of late as the limits of physical precision of
measurement have improved.

Then, in a fallacy shared with astrology, biorhythm
calculations assume that the date of birth somehow deter-
mines the whole of one's life. In view of even recent
knowledge of biological organisms, why not use the date
of conception? Replies the “biorhythmaticianologist,”
“Oh, but we don't know that precisely! So let's use
something we know instead!” Thus, if there were any
validity to a lifelong cycle, the hypothesis would start off
by picking a random phase point which is the date of

birth relative to the whole lifetime of the organism. But
living systems do not fit ad hoc assumptions. It is true
that we observe periodicities in life, even in our own per-
sonal lives. But, in order to study such rhythms, the spirit
of the natural science investigator must be invoked,
obviously aided by the tools of calculation which are
now so widely available.

A detailed scientific dissection of biorhythms can be
found in William Bainbridge's article “Biorhythms:
Evaluating a Pseudoscience,” in The Skeptical Enquirer,
published by the Committee for the Scientific Investiga-
tion of Claims of the Paranormal. Editor Kendrick
Frazier and the editorial board (which includes such
luminaries as Martin Gardner and Philip J Klass) are
fighting a valiant fight against the doctrines of pseudo-
science in today’s world. The magazine is published four
times a year. Subscriptions are $10 a year and are
available from the Executive Editor, The Skeptical
Enquirer, POB 5 Amherst Br, Buffalo NY 14226.

Thus, the dearth of biorhythm calculation articles in
BYTE will continue. But, on quite a different plane, there
is ample room for appropriate articles on personal infor-
mation analysis — possibly with some attention to the
idea of biological rhythms, which forms the basis for the
genuine science of chronobiology. Here we make the
hypothesis that there are obvious rhythms of some vari-
ables of daily life which go up and down.

To explore this hypothesis, we begin to take data on
our daily personal lives using an appropriate measure-
ment. This could be a single bit of information such as
“today was a good day” or “today, on the balance, was
not so good.” Or it could be a series of integer evalua-

Integral Data Systems

Paper Tiger Printer.................. $895.00
Cromemco TU-ART Digital
Interface Board ..................... $265.00

California Computer Systems
12-Slot Mainframe .................. $359.00

Computer Lab offers the following specials to
help us celebratethe opening of ournewstore:

In our new store we are able to carry a wider selection of products
and have it in stock when you want it.

We carry the following product lines:

Cromemco, California Computer Systems, Integral Data Systems, Commodore,
Seattle Computer Products, Godbout Electronics, Thinker Toys, Mountain Hardware,
Smoke Signal Broadcasting, Anadex, Soroc, Maxell, Scotch, Intersystems,
Electronic Control Technology, and others.

Computer Lab of New Jersey
538 Route 10
Ledgewood, New Jersey 07852
Phone (201) 584-0556

Hours: Mon, Wed, Fri—10to 6 ® Tues, Thurs—10to 9 ® Sat—-10to 5

Commodore Pet with

SBKRAM. .. $715.00
Anadex Printer Model

DP-8000. ... $895.00
Intersystems DPS-1
Mainframe......................... $1050.00
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for graphxc dlspl 1y O
160x204. And with opt
EPROM, as many as
programmed characters or
symbols can be produced.

VB3 is memory mapped
for rapid screen updating. But it
occupies memory only when
activated. So one or more VB3s
can be located at the same
address with a full 65K of mem-
ory still available to the user.

It generates both U.S. and
European TV rates and meets
the new IEEE S-100 standard.
Other features include key-
board input, black on white or
white on black, one level of grey,
underline, strike thru, blinking
char., blank-out char., and
programmable cursor. Software
includes a CP/M compatible
driver and a powerful terminal
simulator.

VB3 is available in several
configurations. Retail prices
start at $375 kit, $440 assembled.

Z-80 CPU

| run/stop and smgle step sw:tches

allow system evaluation W1thout
the benefit of a front panel.

- CB2also features an
MWRITE signal, firmware
vector jump, and an output port
to control 8 extended address

lines (allowing use of more than

65K of memory). Jumper
options generate the new IEEE
S-100 signals to insure future
S-100 compatibility.

Retail price—$210 kit,
$275, assembled.

QOur line. CPU, Video, 1/0, RAM,
EPROM, EPROM Programmer,
Music, Prototyping, Terminator,
Extender, and Mother boards.
Available assembled or as kits.

put port with status
switch addressing.
- Retail price—$159 kit,

$219 assembled.

774

2116 Walsh Avenue
Santa Clara, CA 95050 (408) 2462707

Send for our free brochure and find
out why SSM has become the favorite
of discerning Hobbyists and OEMs.




parallel and senal devices, we have a board for
you that will do both. It’s the AIO™

. Serlal Interface.

The RS-232standard assures maximum compat-
ibility with a variety of serial devices. For ex-
ample,with the AIO you can connect your Apple*
to a video terminal to get 80 characters per line
instead of 40, a modem to use time-sharing
services, or a printer for hard copy. The

serial interface is software programmable, N
features three handshaking lines, and
includes a rotary switch to select from

7 standard baud rates. On-board firm-
ware provides a powerful driver
routine so you won't need to write any
software to utilize the interface.

Parallel Interface.

This interface can be used to connect your
Apple* to a variety of parallel printers. The
programmable 1/0 ports have enough lines
to handle two printers simultaneously with === :
handshaking control. The users manual

includes a software listing for controlling

parallel printers or, if you prefer, a par-
allel driver routine is available in firm-
ware as an option. And printing is
only one application for this general
purpose parallel interface.

Two boards in one.

The AIO is the only board on the market that can interface the Apple
to both serial and parallel devices. It can even do both at the same
time. That's the kind of innovative design and solid value that’s been
going into SSM products since the beginning of personal computing.
The price, including PROMs and cables, is $135 in kit form, or $175
assembled and tested. See the AIO at your local computer
store or contact us for more information.

1774
At}
2116 Walsh Avenue

Santa Clara, California 95050
(408) 246-2707

*Appleis a
TM of Apple

Inc.

Serial & Parallel
Apple Interface

Computers,

To explore this hypothesis, we begin to take
data on our daily personal lives using an appro-
priate measurement. This could be a single bit
of information such as “today was a good day”

r “today, on the balance, was not so good.”
Or it could be a series of integer evaluations of
the form “on a scale of 1 to 10, today rated 8.”
The important idea here is to begin taking mea-
surements. When a real sequence of data has
been built up over several hundred days, we
can begin to check the hypothesis for validity
by using a Fourier analysis of the data to isolate
periodic effects. Due to the sampling time of
once per day, no periods could possibly be pre-
sent shorter than two days, and the longest
periodicity component would be half the
number of days in the sample. But the result
would be a calculated spectrum for this “how 1
feel” variable. Then, one could check this con-
tinuing curve for function for predictability.
Besides the Fourier decomposition approach,
other methods of analysis are of course pos-
sible. Any of the commonly used methods for
stock market “prediction” could certainly be
applied.

But the result of this “biological rhythm”
exercise would be very specific and only appli-
cable to the individual who makes the measure-
ments. There would be no reason to assume
that any period found in this data would be the
same length as the period for any other person.
[ do not know what the results would be, but
the method of checking the hypothesis is pre-
sent, and the means of doing such an experi-
ment are within the grasp of every reader who
owns a personal computer and who can find
access to a Fourier analysis program — such as
the Fast Fourier Transform. (See BYTE
December 1978 and February 1979 for articles
on the Fast Fourier Transform technique.)

So, to answer the question raised by this
editorial, [ would conclude with several points.
First, pseudoscience is pseudoscience. Second,
pseudoscience done by computer is still pseudo-
science, for the tools of implementation hardly
affect the imprecision of thought used in
ignoring reality.

Finally, what makes the pseudoscience a
pseudoscience is its element of pious fraud, an
attempt to ignore contrary data and purport
that its premises describe and predict reality.
When we remove any intention of purporting
that the given hypothesis is anything other than
a fantasy, then the pseudoscience classification
goes away and we can enjoy it as a game or fan-
tasy.

Thus, pseudoscience done by computer is
most definitely not pseudo-computer-science,
for even a biorhythm program can be correctly
implemented from its premises! And, with the
caveat of not purporting a false scientific vali-
dity to our fantasies, we can have lots of fun
correctly implementing quasi-computer science
fantasies and games which make absurd
premises. ®

Circle 335 on inquiry card.



Is your “Pencil” getting dull?
Then you need

The Pencil Sharpener

from MicroDaSys
““Personalizing Form Letter Package” for your Electric Pencil 11™ under CP/M”

The Pencil Sharpener:
Create your letter or announcement using the EP 1l ® Uses your version of the Electric Pencil I
“Key' insertion items throughout the text ® Loads in the designated letter
Set up the insertion data file using EP 11, BASIC, or ® Inserts all designated data for the appropriate
other software “keys”
Or use existing files (Accounts Payable, Mailing list, ® Prints the letter using the EP 1| "Print Sub-System”
etc.)
Identify the particular letter and insertion data file ® Personalizes and prints letter after letter, replacing
and RUN THE PENCIL SHARPENER key words

SAVE TIME - FOLLOW UP OLD BUSINESS - CONTACT NEW BUSINESS

ComANT Electrocory
S Cunaliu

Verer 8
buitane STSTREE it b

e IR SIALPER

W
3> SYSTM tato ¢ 50

rociL suaram
< Fenesd 11 gnd v

The PENCIL SHARPENER runs on all versions of Electric Pencil Il under CP/M.
Soon vailable TRS-80 version and “'star brightener” for Word Star.

Generous Dealer Discounts!

GET THE POINT? ... GET THE PENCIL SHARPENER!

CP/M is a trademark of Digital Research. The Electric Pencil 11 is a trademark of Michael Shrayer Inc.

MicroDaSys, P.O. Box 36051, Los Angeles, CA 90036

(213) 935-4555 TWX 910 321 2378
Please send me copies of the PENCIL SHARPENER at $195 each.
Payment terms:
[ ] Check/ M.O. Enclosed ] C.OD. ] Charge Card
Card No. Exp.
Name Specify disk:

*
Company [ ] 8 [ ] North Star m ( m
Address [ ] Micropolis

City/State ] Check here if SOL

Zip Telephone ( XS
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Mind Over Matter
Expansion

[ found your article “Mind Over Mat-
ter” (June 1979 BYTE, page 149) very
interesting. When all the components
arrive, I hope to have an operational
muscle monitor. A friend of mine has a
great deal of enthusiasm for brain wave
monitors, and, although | do not quite
see the magic he sees in them, the idea is
intriguing.

My difticulty with building the brain
wave monitor is that my knowledge of
electronics has never gotten past the
reading the Heathkit-instructions-stage.
You mentioned changing the 100 K ohm

resistor on IC2 to 1 M ohm for brain
wave amplification, which is OK; how-
ever, then you said that bandpass filters
must be added, and you have lost me.

I know it would be a time-consuming
project, but I thought that I would try
and trouble you for a circuit and parts
list at the Heathkit-level for brain wave
monitor expansion. I assume that, along
with input to an oscilloscope (Heathkit,
naturally), the analog output could be
used as input to my Cromemco D+7A
1/0O board?

Frank Gizinski
2060 St Clair St
Racine WI 53402

Author Ciarcia Replies:

I hope you will have an operational muscle
nionitor by the time you read this. | regret,
however, that | cannot comply with your re-
quest. Heathkit and the Muppets both have
somiething in common: because the original is
done so well and anything equivalent could
only be accomplished with a similar effort,
there are no copies. Except through the effort
of a complete article on the subject, I hesitate
to do only half the job by sketching out a

Word Processor + Business System
MicroDaSys Makes It Easy.

FEATURES

e S-100 Bus

Full-Sized Disk Drive (Standard)
Up To Four Disk Drives

Z-80%" Micro-Processor
CP/M=** Disk Operating System
Printer Interface

Full Word Processing Capability
Designed for Business Use

AVAILABLE SOFTWARE

Accounts Receivable/Payable
Payroll

General Ledger

Inventory

Mailing List

Text Processor

Plus 500 More!

12 November 1979 © BYTE Publications Inc

AVAILABLE LANGUAGES
e BASIC Compiler (Included)

e FORTRAN

e Pascal

e COBOL

e And Many More!

CALL OR WRITE NOW!

MicroDaSys

POST OFFICE BOX 36051
LOS ANGELES, CA 90036

(213) 935-4555

Circle 221 on inquiry card.

few filter circuits which ultimately demand
a great deal of technical ability.

In addition to yours, many letters have re-
quested expansion information. I actuality,
the required circuitry would constitute a low-
frequency spectrum analyzer. | will look into
the design, and use it either as an article
specifically on expansion of the “Mind over
Matter” introduction, or as an additional
supplement with one of my regular monthly
offerings. 1 anmi aware of the obvious interest
in expansion, and | do try to present circuits
that can be readily constructed.

Finally, the biofeedback interface can be
readily used with the Cromemco A/D board,
if the analog output from the monitor is
scaled down to 0 to 2.56 V. This can be done
with a 500 K olim potentiometer serving
essentially as a volume control. Analysis of
the acquired data is another subject entirely.

Perliaps your strength is really software,
and you will aclieve success better by this
method. The ultimate goal is to analyze the
low-frequency spectrum. This can be done
either through hardware or software.

A Rejoycing LISPer

Had James Joyce been a computer scien-
tist, he would have created LISP.

Martin D Sandman
10720 Cariuto Ct
San Diego CA 92124

Move Segmenting

I was gratified to see some evidence
("A Digital Alphanumeric Display,”
April 1979 BYTE, page 218) that some-
one is beginning to realize that
7 segments can portray alphanumerics,
but noted that Daniel Chester's
7-segment set is confusing in these
respects:

A “G” could be a "9,”

a "Q" could be a “9,”

an “S” could be a ”5,”
and a “Z" could be a "2.”

The following is a set which I devised
two years ago:

AbcdEFLHCJFLNIABRE-LEL
FU(Zar4)Yaens O 0123456 168

You will note that none of these
characters are ambiguous. Furthermore,
they do not conflict with Mr Chester’s
set of special characters.

Alex Funk
110 E Lynch St
Durham NC 27701 m



“Our inventory is our existence.
Think we'd trust it to anything less
than Scotch Brand Diskettes?”

Sl Don Stone, President,
g Mass. Auto Supply Company,
Inc., Boston, Mass.

Scotch Diskettes are the
diskettes you can depend upon
with the information your
business depends upon.

Each one is tested and
certified error-free before it
leaves our factory. Because we
know nothing less than
perfection is acceptable for
your vital business data.

Scotch Diskettes are
available in regular or mini
sizes, compatible with almost
any system.

To find out where you
can purchase Scotch Diskettes,
call toll free: 800-328-1300.

(In Minnesota, call collect: 612-
736-9625.) Ask for the Data
Recording Products Division. In
Canada, write 3M Canada Inc.,
London, Ontario, N6A 4T1.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.
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The Intel 8086

There has been a lot of talk about
16-bit microprocessors lately. You
are probably interested in how they
work and how they differ from pre-
sent 8-bit microprocessors. This may
seem more important to someone
designing systems for a living rather
than to the casual computer ex-
perimenter; but ultimately personal
computing will be affected.

The majority of systems currently
available use 8-bit processors
primarily because few cost-effective
16-bit processors were available when
these systems were designed. As new

Steve Ciarcia
POB 582
Glastonbury CT 06033

personal computers are conceived,
the designers will have more 16-bit
microprocessors to choose from, and
in my opinion, the latter will win out.

Software development is much
more expensive than hardware
development. It is much cheaper to
write one line of code executing a
hardware multiply instruction than to
write an algorithm to do the same
function on a processor devoid of this
direct capability. Reduced cost of
development should be reflected in
lower retail cost. There are always ex-
ceptions to the rule, but once amor-

MCS-86Systern Design Kit

intel ®

=

Photo 1: SDK-86 system as delivered from factory.

14 November 1979 © BYTE Publications Inc

tized and in volume production, the
16-bit microprocessor should prove
to be the logical choice for medium to
high-level applications.

The Intel 8086

It isn't necessary to wait any longer
if you have a burning desire to learn
about 16-bit microprocessors. The
latest one available and in volume
production is the Intel 8086. The 8086
is a 16-bit microprocessor which is
upward-compatible from the 8-bit
8080/8085 series processors. The
8086 contains a set of powerful, new
16-bit instructions. This enables a
system designer familiar with 8080
devices to start coding immediately
and gradually gain expertise in using
the additional 16-bit instructions. It is
important to realize that when I refer
to compatible instructions I mean
functional compatibility. A program
written for an 8080 would have dif-
ferent object code than an 8086. This
is only a slight inconvenience con-
sidering that this former 8080 pro-
gram should run about ten times
faster on an 8086. The evolutionary
step between the 8086 and 8080 is far
greater than that between the 8080
and 8008.

The apparent goal of Intel de-
signers was to extend existing 8080
features symmetrically and add a
wide range of new processing cap-
abilities. The added features include
16-bit multiply and divide, inter-
ruptible byte-string operations, 1 M
byte direct addressing, and enhanced

Circle 23 on inquiry card. cegm
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MORE COLOR. MORE SOUND.
MORE GRAPHICS CAPABILITIES.

Compare the built-in features of
leading microcomputers with the Atari
personal computers.And go ahead,
compare apples and oranges. Their
most expensive against our least
expensive: the ATARI® 4007

Start with graphics capabilities. The
ATARI 400 offers 128 color variations.
16 colors in 8 luminance levels. Plus
29 keystroke graphics symbols and 8
graphics modes.All controlled from a
full 57 key ASCII keyboard. With upper
and lower case.And the system is FCC
approved with a built-in RF modulator.
That's just for openers.

Now, compare sound capabilities.
Four separate sound channels and a

© Atari 1979
A Warner Communications Company

d
dot-matrix impact
the Atari Program Recorder

, plug s included with the 800 system.
in an Afari 10K BASIC « mbler S gge’éfe refail price for the
language carfridge and the full power ~ ATARI 800 (including recorder) is
of the computer is in your hands. Refelefele]

Memory? 8K expandable to 16K.
And that’s just for the ATARI 400 at a -
suggested retail of only $549.99.

- The ATARI* 800" gives you all
that and much more.

- Make your own comparison wher-
ever personal computers are sold.
Or, send for a free chart that
compares the built-in features
of the ATARI 400 and 800
User-installable memory to

“ to other leading personal
48K. A full-stroke keyboard. ATAR' computers.

PERSONAL COMPUTER SYSTEMS

1265 Borregas Ave. Dept. C, Sunnyvale, California 94086. Call foll-free 800-538-8547
(in Calif.800-672-1404) for the name of your nearest Afari refailer.




bit manipulation. Arithmetic opera-
tions are accomplished in American
Standard Code for Information Inter-
change (ASCII) or binary-coded
decimal with a one-instruction hard-
ware conversion.

1a
EXECUTION UNIT

— \
REGISTER FILE

DATA,
POINTER, AND
INDEX REGS
(8 WORDS)

16-BIT ALU

FLAGS

In addition to the capability of
handling data in bits, bytes, words,
or blocks, the 8086 incorporates
many features formerly found only in
minicomputer architecture. It also
supports such operations as reentrant

BUS INTERFACE UNIT

e
RELOCATION
REGISTER FILE

SEGMENT
REGISTERS
AND
INSTRUCTION
POINTER

(5 WORDS)

—————— BHE /57
4
A1g9/Se
i i Alg/S3
6
BUS
INTERFACE ADys - ADg
UNIT
3
INTA,RD,
WR
3
DT/R,DEN,
ALE
6-BYTE
INSTRUCTION
QUEUE

LR ————
INT ——————

NM| ———————
2

RQ/GTg 3

HOLD ———
HLOA &—————]

CONTROL AND TIMING

CLK

RESET READY MN/MX

GND
Vee

code, position-independent code, and
dynamically relocatable programs.

The 8086 is fabricated with a newly
developed, high-speed metal-oxide
semiconductor (H-MOS) process
which is considerably faster than
standard MOS. Running up to 8
MHz, the 29,000-transistor 8086 is
the fastest single-chip central pro-
cessor currently available. Unlike the
8080/8085 processor's registers, the
8086's registers can process 16-bit as
well as 8-bit data.

Figure 1a shows an internal block
diagram of the 8086. The 16-bit arith-
metic/logic instructions are handled
within the general register files. This
section contains four 16-bit general
data registers, two 16-bit base pointer
registers, and two 16-bit index
registers. Figure 1b illustrates an 8086
register model for comparison to the
8080.

The four data registers, addressable
also in 8-bit partitions, are primarily
from the original 8080. There are
twice as many general-purpose
registers as there are on 8-bit pro-
Cessors.

The relocation register file is the
other unique 8086 enhancement. This
group is referred to as the segment
register file, and extends direct ad-
dressing capability to a full megabyte
of memory. This file has four address
pointers which contain program
relocation values for up to four 64 K
byte program segments. In addition,
a fifth pointer serves as an I/O (in-

40 LEAD
——\af—

GND [ 1 40 P vee

AD14 [ 2 39 [0 AD1S

AD13 []3 38[0Al6/53

ADI2 ] 4 37 [0 A17/54

AD11 (5 36 [1A18/S5

AD10 [ 6 35[]A19/56

AD9 [ 7 34 [JBHE/S7

AD8 [] 8 33 JMN/MX

AD7 (9 32 [ RD

aD6 ] 10 31 [JRQ/GTO (HOLD)

AD5 ] 11 30 [JRQ/GT1 (HLDA)

AD4 [] 12 29 [JLOCK (WR)

AD3 []13 281 s2 (M/10)

AD2 []14 27 [As1 (DT/R)

AD1 [] 15 26 [150 (DEN)

ADO (] 16 25 [JQso (ALE)

NMI [ 17 24 [Jas1 (INTA)

INTR ] 18 23 [ TEST

cLK 19 22 [ READY

GND [ 20 21 [JRESET

Figure 1: An internal block diagram and pinout specifications of the Intel 8086 (figure 1a). Figure 1b shows the 8086 register model il-
lustrating the differences between the 8086 and the 8080. Figure courtesy Intel Corp.
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AX
BX
CcX
DX

8086 REGISTER MODEL; (8080 REGISTERS SHADED)

AH AL/
7BH7 BL%
CH cLZ
DH oL/

SP

BP

St

Di

AH
BH
CH
DH * DL
SP
BP
S|
DI

EXECUTION UNIT

(A)

(HL)
(BC)
(DE)

(sP)

(PC)
(PSW)

ACCUMULATOR
BASE

COUNT

DATA

STACK POINTER
BASE POINTER
SOURCE INDEX
DESTINATION INDEX
INSTRUCTION POINTER
STATUS FLAGS

CODE SEGMENT
DATA SEGMENT
STACK SEGMENT

EXTRA SEGMENT

BUS INTERFACE
UNIT

put/output) control providing
address space for a full 65,536 1/0
ports.

Logically the 8086 operates more
like larger computers than like a
classical microprocessor. This is ac-
complished through independently
controlled bus interface and execu-
tion units (figure 2). The major con-
tribution is to speed processing by
overlapping instruction fetch and exe-
cution. Up to six bytes of instruction
are placed in a queue before execu-
tion. As each instruction is processed,
the following instructions move up
one position and a new instruction is
fetched and placed in the queue. This
simultaneous fetch and execute cap-
ability induces more efficient use of
the memory bus. It is possible for two
single-byte 8086 instructions to be
executed within the time for one
memory cycle. The result is improved
performance, given the same bus
bandwidth and memory speed as
other systems.

6 |
INSTRUCTION 5 |
STREAM 3
BYTE 3
QUEUE - |
T |
S S —— L el B _1
CONTROL
SYSTEM

ARITHMETIC
LOGIC UNIT

OPERANDS

FLAGS

Figure 2: Functional block diagram of internal data paths of the 8086. Figure courtesy Intel Corp.
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Table 1: Summary of specifications for the SDK-86 board.

Central Processor

Processor: 8086
Clock Frequency: 2.5 MHz or 5 MHz (jumper selectable)
Instruction Cycle Time: 800 ns (5 MHz)

Memory Type

Read-Only Memory: 8 K bytes
Programmable Memory: 2 K bytes (expandable to 4 K bytes)
(2 bytes equal one 16-bit word)

Memory Addressing

Read-Only Memory: FEOOO thru FFFFF
Programmable Memory: O thru 7FF (O-FFF with 4 K bytes)

Input/Output (I/0O)

Parallel: 48 lines (two 8255As)

Serial: RS232 or current loop (8251A)

Data Transfer: Rate selectable from 110 to 4800 bps
Display: On-board, 8-digit, light-emitting diode (LED) readout

Interface Signals

Processor Bus: All signals transistor-transistor logic (TTL)
compatible

Parallel I/0: All signals TTL compatible

Serial I/0: 20 mA current loop or RS232

Interrupts

External: Maskable and nonmaskable; Interrupt vector 2 reserved for nonmaskable
interrupt (NMI)
Internal: Interrupt vectors 1 (single-step) and 3 (breakpoint) reserved by monitor

Direct Memory Access

Hold Request: Jumper selectable, TTL compatible input

Software

System Monitors: Preprogrammed 2316 or 2716 read-only memories
Addresses: FEOOO thru FFFFF
Monitor I/0O: Keypad and Serial (teletypewriter or video display)

Power Requirements

18

Vee: +5V(£5%), 35A
Very: —12V(£10%), 0.3 A (required if teletypewriter (TTY) or video display terminal
connected to serial interface port)

o
o~
(]

1 Insert the 430 ol

square pad.
[J Insert the 330 ohm LAY

I-watt resistor at R3.

(orange-orange-brown),

teads.
[J Solder the two resistors in place and clip their

leads. 0

R6.
Insert a IN914 or T1913 diode at the following three
locations:
M

al R7.
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1 watt resistor at R2 / ~
AL LESSTOIET Bk When correctly inserted, the

O Solder the three diod!

Insert a 560k ohm (gr

Insert a 110 ohm (brx

The Intel SDK-86

Perhaps this brief introduction has
sparked your curiosity and you wish
to know more about the 8086. Of
course, the best method of learning is
to use one. Since at this writing the
8086 is still so new that it is not
incorporated into any general-use
personal computer, we are left to our
own resources and construction
abilities. Fortunately Intel realizes
that the success of any new product
depends on evaluation by as many
potential users as possible. For this
reason the System Design Kit (SDK)
series of products were conceived.

The SDK-86, shown prior to
assembly in photo 1, is a single-
board, 8086-based computer. Intel’s
pricing policies make the purchase of
the SDK-86 kit far more attractive
than a single 8086 chip. It results, in
the name of advertising, in one of the
better computer offerings on the
market. At $780 the SDK-86 fits
within most budgets. It is a complete
computer including processor, pro-
grammable memory, read-only
memory, I/O (input/output), and
display. Table 1 is a more explicit
listing of specifications and figure 3 is
a detailed block diagram.

The SDK-86 is very easy to assem-
ble. As shown in photo 2, it comes
packaged so that all components are
easily recognizable, even for a
novice. Documentation includes an
Assembly Manual, User's Manual,
User's Guide, and Monitor listings
(see photo 3). The assembly pro-
cedures are written at such a level
that even a person having limited
technical knowledge may assemble
the kit. The assembly manual pro-
gresses from basic solder techniques
and component identification to step-
by-step assembly and checkout. The
only microcomputer assembly
literature I have read which was as
easily understandable as this comes
from the Heathkit people.

All major components are
socketed, but to be on the safe side it
is a wise idea to purchase additional
integrated-circuit sockets. This will
allow all integrated circuits to be
removed in case troubleshooting is
necessary. The fully constructed com-

Photo 2: Typical page from the construc-
tion manual. Each instruction step is
clearly explained and each component is
accurately identified.



North Star Announces —

Double Density x 2 Sides = Quad Capacity!

The North Star Horizon now delivers quad capacity by using two-sided
recording on our new mini drives! That's 360.000 bytes per diskette! A four
drive North Star system accesses over 1.4 megabytes of information on-line!
Think of the application flexibility that so much information storage can

give you!

North Star has quadrupled the disk capacity of the Horizon computer but
prices have increased a modest 15 percent. On a dollar per byte basis,

that's a bargain that is hard to beat!

The proven North Star disk controller was originally designed to
accommodate the two-sided drives. North Star DOS and BASIC are
upgraded to handle the new capacity, yet still run existing programs with
little or no change. Of course, single sided diskettes are compatible with the

new disk system.

North Star Horizon Computer
Prices (includes 32K RAM, one
parallel and two serial 1/0
ports), assembled, burned-in
and tested:

Horizon-1-32K-Q $2565
Horizon-2-32K-Q $3215
Horizon-1-32K-D $2315
Horizon-2-32K-D $§2765

Get both sides now! Quad capacity
is available from your North Star
dealer.

North Star Computers
1440 Fourth Street

Berkeley. CA 94710
415-527-6950 TWX/Telex 910-366-7001




applying power and pressing the
system reset button.
When the SDK-86 is reset, the 8086

puter is shown in photo 4. Checkout,
after determining that there are no
obvious errors, is simply a matter of

SOK-46
MCS-BESYSTEM DESIGN KiT
ASSEMBLY MaNUAL -~

o ’ ~ 233
32K (4K x 8) ROM

inte!

NES-86
ASSEMBLY
LANGUAGE
REFERENCE
GUIDE

MCS-86°
USER'S
MANUAL

July 1978

Photo 3: The SDK-86 board comes complete with well-written documentation mariuals
for assembly and use.

Photo 4: Assembled SDK-86 board. Note the prototyping area on the left-hand side.
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executes the instruction at hexa-
decimal location FFFFO. The instruc-
tion at this location is an intersegment
direct jump to the beginning of the
monitor program that resides in read-
only memory, hexadecimal locations
FFO00 to FFFFF. The monitor is com-
prised of two programs resident in
programmable read-only memory;
one for use with the on-board
keypad, and the other a serial
monitor that supports a video display
or teletypewriter connected to the
Electronics Industries Association
(EIA) serial interface connector. This
latter communication mode is
preferable if the SDK-86 is to be used
efficiently for software development.
Even though the system is con-
structed to vector to the keyboard
monitor on power up, simply inter-
changing the two sets of program-
mable read-only memory will allow
the unit to start up immediately in the
serial mode.

The SDK-86 Monitor

Both monitors share similar com-
mand capability. The keyboard
monitor is optimized for the 8-digit,
light-emitting-diode (LED) display
while the serial monitor is obviously
for a video display or teletypewriter.
The only dissimilarity is that the
latter has the additional ability to
read or write to a paper-tape punch,
or with the addition of a Frequency-
Shift-Keying (FSK) modulator/demo-
dulator, cassette storage. Table 2 lists
the serial monitor I/O commands.

Of particular importance are the
single-step and go commands. Single
step allows a program to be executed
one instruction at a time, while the go
command allows the user to specify a
breakpoint which returns control to
the monitor while preserving the
machine’s status. This allows a pro-
gram to be run in segments facili-
tating checkout.

While the monitor does provide
some powerful routines, the PL/M
listings provided in the documenta-
tion do not directly give the addresses
of the individual routines. Enough
effort is required to extract this infor-
mation, that rewriting particular
routines in user memory is a worth-
while consideration.

Text continued on page 24
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Text continued:
In Conclusion

If you have an interest in 16-bit

microprocessors, perhaps the best
place to start is with the SDK-86. The
8086 is a quantum leap forward for

Table 2: The commands which are available for use with the serial monitor.

Command

Monitor Command Summary
FUNCTION/SYNTAX

D (Display Memory)

M (Move)

I (Port Input)

O (Port Output)

G (Go)

N (Single Step)

S (Substitute Memory)

X (Examine/Modify Register)

R (Read Hexadecimal File)

W (Write Hexadecimal File)

Displays/modifies memory locations
S[W]< addr > [[< new contents>],]* <cr>

Displays/modifies 8086 registers
X[<reg>][[<new contents>],]* <cr>

Moves block of memory data
D[W]<start addr>[,<end addr>]<cr>

Moves block of memory data
M< start addr >, <end addr >, < destination addr> <cr>

Accepts and displays data at input port
[W]<port addr> ,[,]* <cr>

Outputs data to output port
O[W]<port addr>, <data>[,<data>]*<cr>

Transfers 8086 control from monitor to user program
G[ < start addr> ][, <breakpoint addr>]<cr>

Executes single user program instruction
N[ < start addr>][[ < start addr>],]* <cr>

Reads hexadecimal object file from tape into memory
R[ < bias number>]<cr>

Outputs block of memory data to paper tape punch
W[X]< start addr>, <end addr>[, <exec addr>]<cr>

microprocessors and the SDK-86 is a
cost-effective method of evaluation,
complete with all the hardware of a
basic computer system. It must be
cautioned that a first-time user, un-
accustomed even to 8-bit micro-
processors, may find the learning
process somewhat complicated. The
SDK-86, while packaged and
assembled in a Heathkit fashion, is an
industrial training device and not
aimed specifically at the personal
computing market. Beyond the
minimal checkout procedures and
brief description of the monitor com-
mands, there are no sample programs
which can be immediately entered
and executed. This unit must be
thought of as a rather sophisticated
trainer. The mechanism is provided
in the form of the board, but the ac-
tual course of education is completely
in the hands of the user.m

Next month's “Ciarcia’s Circuit Cellar” topic
will be electrically alterable read-only
memories (EAROMS).

y

FINALLY, Apple II” software for the discerning computerist,
and the not-so-discerning beginner

AppleAids™

Little Tricks™

Form-It-Out™

A series of carefully explained subroutines containing a potpourri of
useful programming techniques in Integer Basic and Applesoft, such as
specific key stroke identification, timing loops, disappearing question
marks on input, no question marks on input, and many more.

Cassette (16K). .. ...... 14.95  Disk (32K)

Scroll Control™

Have you ever wondered why you cannot list an Integer Basic or
Applesoft program one screen-page at a time? So have we, and we
did something abaut it! Our machine language Scroll Control, hidden
in RAM so as not to “bump™ into your program, can be engaged or dis-
engaged at a flick of the keyboard. Why be frustrated when instead you
can control the scroll? Cassette .. .. .. 9.95 DS kSRS 14.95

A series of routines in Integer Basic and Applesoft containing detailed
explanation and examples of programming techniques necessary to
professionalize your screen output. Included are right and center justi-
fication, windowing, tabbing, cursor positioning among others.

Cassette (16K). ... ... .. 1495 Disk (32K) ............ 19.95

Track & Sector List™

This is the ultimate disk utility. Instead of a catalog, have you ever seen
those dreaded words “I/0 ERROR™? Is all lost? NO! Now your disk may
be saved. Also you can eliminate bad sectors, remove control characters
imbedded in file names, change the disk volume number, and more. This
machine language program is supplemented by extensive tutorial
documentation worth its weight in gold.Disk only (32K) . . . . .. 2495

Compulaw™ Series

Hex and Decimal Learning Tree™

*Alitax Estimator™

This Applesoft program, prepared under the supervision of an attorney,
estimates disposable income after alimony and child support payments
and federal taxes. For use by laymen and attorneys. 1980 tables.
Cassette (24K). . ........ 91950 Biski(B2 Kkl -l ue L5, 1495

‘Pensionner™
A companion to Alitax Estimator in Applesoft designed to calculate the
present value of a pension in states in which a pension is subject to
division in marital dissolution cases.
Cassette (24K). . ... .. .. 995 Disk (32K)....... .....

N.J. res. add 5% sales tax

Apple Il and Applesoft are registered
trademarks of Apple Computer, Inc.

Add $1/item, shipping and handling

*professional, but not a substitute for
legal advice

]

INCORPORATED

My ABC’s™

Anearly learning Integer Basic programusing overone hundred and fifty
high resolution graphic letters and pictures in a drill-and-practice format
designed to develop identification of capital and small letters, and
assaciation of letters with pictures. Scoring capability allows monitoring.
Child tested and teacher recognized. Cassette (48K) 14.95 Disk 19.95

Now | Can Rhyme™
A companion to My ABC's in Integer Basic. The child selects those high

resolution pictures which rhyme. Score-keeping capability allows
monitoring. Incorporates progressive levels of difficulty.

Cassette (48K). ... ... .. 14.95 Disk (48K)............ 19.95
U PO. Box 774M
‘ Morristown, NJ 07960 VISA®
(201) 539-3770 F—
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Solving Soma Cube and
Polyomino Puzzles Using a
Microcomputer

Douglas A Macdonald
Yekta Giirsel
130-33
Theoretical Astrophysics
California Institute of Technology
Pasadena CA 91125

The genesis of this article was an
inexpensive puzzle consisting of
twelve plastic pieces which are sup-
posed to be fitted into a rectangular
cardboard box. Despite assurances by
experts (see bibliography, Martin
Gardner) that there are 2339 separate
and distinct ways of solving the puz-
zle, a year’s work by a veritable pla-
toon of people (mainly Yekta) pro-
duced only slightly more than 150
solutions.

Introduction

Polyomino puzzles and Soma
Cubes are examples of a class of prob-
lems which are particularly suited to
solution on a small computer. The
amount of data needed in each case is
relatively small, but the amount of
calculation needed to do an exhaus-
tive search for solutions is staggering.

For a set of Pentominoes, for
instance, you need only encode the
shapes of the twelve pieces and pro-
vide an array of sixty spaces into
whichyou try to fit them. For a Soma
Cube there are only seven pieces,
which fit into an array of twenty-
seven spaces. In both cases, all of the
necessary data will easily fit into 2 K
bytes of memory. However, the num-
ber of individual situations that
would have to be considered in an

Acknowledgment
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unoptimized exhaustive search would
be 3.2 X 10'¢ for the Pentomino puz-
zle and 4.7 X 10" for the Soma Cube.

In this article, we will present a
6502 assembly language program
which will solve a wide variety of
puzzles of the sort where a given
region, either two or three dimen-
sional, must be filled with a given set
of pieces. The program has been writ-
ten in a general manner so that the
shape of the region can be easily
changed and certain pieces can be
specified as fixed, in order to take ad-
vantage of symmetry. The number
and shape of the pieces themselves
can also be easily changed.

Due to a clever search method, the
program given here actually con-
siders many fewer cases than the
unoptimized search mentioned
above. Using a Commodore PET
with a clock frequency of 1 MHz,
most of the problems for which we
have generated a complete set of solu-
tions have taken from a few minutes
to a few hours to run. The longest
running problem we have considered,
that of Pentominoes in a 10 by 6 rec-
tangle, took slightly less than two
days to generate all of the 2339 solu-
tions.

If the program is run in BASIC,
which we actually tried, this problem
takes more than two months. The
large difference in running speeds is
due to the fact that BASIC on the PET
is an interpreted language, each line
of which must be decoded every time
it is executed. This should serve as a
caveat to anyone intending to write a

BASIC interpreter version of this pro-
gram.

The search algorithm used in the
program is extremely general, as is
illustrated by the fact that there are
only three places in the assembly code
where a check is made to see if the
region under consideration is two or
three dimensional. Thus the user
should find it easy to modify the pro-
gram to consider more complicated
or exotic problems, such as those in-
volving oddly shaped pieces or more
than three dimensions.

The program given here is written
in the symbolic assembly language of
the 6502 microprocessor, but users of
other microprocessors should be able
to adapt the fundamental algorithm
to their own machines without much
trouble. The accompanying BASIC
routines are written in Commodore’s
version of BASIC (a Microsoft pro-
duct), but they should also be easily
adaptable to other machines. Since
“safe” memory locations vary from
machine to machine, users should be
aware of the quirks of their own par-
ticular computer when they choose
the addresses for the variables in the
program.

Polyominoes

Polyominoes are planar objects
consisting of a number of squares
connected at their edges (see figure 1).
The simplest such object is a mono-
mino, which is just a single square.
Next is the domino, consisting of two
squares joined at a side, which has the
shape of the familiar game pieces.



Both monominoes and dominoes
have only one possible shape. Tromi-
noes consist of three squares and
there are two possible shapes, as
shown. Similarly, there are five dif-
ferent tetrominoes, twelve different
Pentominoes (photo 1), thirty-five
different hexominoes, and so on.
Interestingly, the formula for the
number of n-ominoes as a function of
n is not known.

The type of puzzle that we con-
sidered was the problem of using a
given set of polyominoes to tile, or fill
in, a region with a given boundary.
For instance, the twelve Pentominoes
can be used to tile a 20 by 3 rectangle
(there are only two different ways of
doing this), a 10 by 6 rectangle (2339
ways), a 15 by 4 rectangle (368 ways),
or a 12 by 5 rectangle (1010 ways).

We do not even have to be re-
stricted to rectangular shapes: we can
give the computer some arbitrary
region consisting of sixty squares,
and ask it to find all the solutions or a
subset of the solutions. One of the
more interesting of the Pentomino
problems is the case of an 8 by 8
chessboard with the four center
squares filled in and not used (65
solutions).

A variety of problems can be deve-
loped using the various polyominoes,
but the ones to which computer solu-
tion is most applicable seem to be
those involving Pentominoes. The
smaller polyominoes, especially
monominoes and dominoes, are so
few in number and simple in shape
that any puzzle involving them is
trivial and can be easily solved
without a computer. On the other
hand, for hexominoes and higher
orders of polyominoes, the number of
objects in a complete set is so great
that an exhaustive search is imprac-
tical, even on a large computer. For
this reason, the only examples that
we have actually run on the computer
have been Pentomino puzzles,
although the program is general
enough to consider other polyo-
minoes.

In order to make a tractable pro-
blem using hexominoes or other
higher-order polyominoes, a reason-
ably sized subset of the complete set
of pieces should be chosen. For in-
stance, one could try to tile a sixty
square region using ten of the thirty-
five hexominoes, or a seventy-two
square region using twelve of the
hexominoes.

Soma Cubes

The Soma Cube (trademark of
Parker Brothers Inc, Salem MA) is a
puzzle invented by Piet Hein, con-
sisting of seven pieces which can be
fitted together into a 3 by 3 by 3 cube
(and other more exotic shapes). Each
of the pieces consists of a number of
cubes joined together at their faces.
Six of the pieces are composed of four
cubes, and the seventh piece is com-
posed of three cubes, as shown in
photo 2. Note that piece 2 is just a
three-dimensional version of the
second tromino in figure 1, and that
pieces 5, 6, and 7 are three-dimen-
sional versions of three of the
tetrominoes.

There are 240 different ways of
constructing a cube out of these
pieces. If rotations and reflections of
the cube itself and of individual pieces
within the cube are treated as dif-
ferent solutions, this number is
increased by a factor of 4608 to make
a total of 1,105,920 solutions.

As with polyominoes, we can gen-
eralize the problem by using more
than one set of pieces, or by trying to
fill a noncubical region. The program
can be easily adapted to consider
these situations.

Encoding

In order to make the problem
understandable to the computer, we
represent the box into which we are
trying to fit the pieces as an array in
memory. Each of the pieces is assign-
ed a number. An empty square in the
box is represented by a zero in the
appropriate array cell, and squares
which are filled by piece number K
are represented by the actual number
K in the corresponding array cells.
For convenience, the entire array is
surrounded by a boundary of cells
into which we put the number -1.
This speeds up the search since the
machine does not have to make a dis-
tinction between cells which are filled
and cells which are off the edge of the
board.

As an example, consider the Pento-
mino problem for the 10 by 6 rect-
angle. The pieces would be assigned
numbers between one and twelve,
and the array plus boundary would
have dimensions of 12 by 8. The
number —1 is also put into any
square which is off-limits. Thus, an 8
by 8 square with the center four
squares off-limits would be repre-
sented in memory by a 10 by 10 array

Figure 1: Polyominoes are planar objects
consisting of a number of squares con-
nected at their edges.

[] [ 1]

MONOMINO DOMINO
TROMINOES

LT 1]

Photo 1. The
tominoes, showing their assigned number
and letter designations. Pentominoes is a
registered
Golomb.

r=2L
L

TETROMINOES
Pen-

twelve different

trademark of Solomon W

Photo 2: The seven Soma Cube pieces
with their assigned numbers.
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Solomon W Golomb
originally introduced
the terminology and
many of the problems
associated with poly-
ominoes.

with —1s around the boundary and
in the four center squares.

Unfortunately, things are not quite
this simple, since we cannot specify a
two-dimensional array in assembly
language, and must therefore store it
as a linear array in memory. The
mechanics of how we encode and
decode the coordinates of a particular
square will be explained later.

The numbering of the pieces is
somewhat arbitrary, but it is conven-
ient to put the most symmetric pieces
first. This makes it easy to have the
computer fix one of the pieces on the
board in order to take advantage of
symmetry. Again using the Pen-
tominoes as an example, the X Pen-
tomino should always be assigned the
number 1, since it has the fewest
orientations of any of the pieces (ie:
only one). If you look at a 10 by 6
board, it is easy to convince yourself
that any solution can be rotated or
reflected to get the X in the lower left-
hand quarter of the board. Thus, a
simple way to keep from generating
rotations and reflections of already
known solutions is to constrain the X
to the lower left-hand quarter of the
board. Furthermore, it is easy to see
that only seven different positions of
the X in this corner can possibly lead
to solutions; so successive consider-
ation of these seven cases is the quick-
est way to generate all of the 2339 so-
lutions. For these reasons, the pro-
gram allows the user to specify any
number of pieces as fixed.

The numbering of the Pentominoes
and the Soma Cube pieces shown in
photos 1 and 2 will be used in the pro-
gram. Also shown in photo 1 are
mnemonic letters assigned to each of
the twelve Pentominoes. These letters
are used in printing out the solutions
to make the output easy to read. For
the Soma Cube we used the numbers
one thru seven for the printout sym-
bols, but you can easily change these
to any symbols you choose.

The option of fixing pieces also

28  November 1979 © BYTE Publications Inc

Figure 2: The scan procedure starts in the lower left-hand corner of the defined area and
proceeds up the first colurmn. When the top of the column is reached, the scan returns to
the bottom of the second column, which is scanned from bottom to top. This procedure
is repeated until an empty square is encountered. This empty square is then the base
square. If no empty squares are found, the problem has been solved.

allows the user to specify part of the
solution. For instance, if you want to
know whether or not a solution exists
when a certain number of the pieces
are fixed, enter the positions of these
pieces from the keyboard, and the
computer will hold them fixed and
fiddle around with the remaining
pieces. The parts of the program
which initialize the positions of the
pieces and print out the solutions
have been written in BASIC because
they are not time-critical. These will
be easy for the user to change.

Algorithm

The program has to order the solu-
tions so that it knows what solutions
have already been found and what
possibilities are yet to be tried. The
program does this by considering the
permutations of the piece numbers in
ascending order. The meaning of
ascending order is best illustrated by
considering a simple example. If we
have three pieces, numbered 1, 2, and
3, then the permutations in ascending
order are:

(123), (132), (213),
312), (321)

[38]
w
—
R

That is, considering the permutations
as three-digit numbers, these three-
digit numbers are in ascending order.
The generalization of this example to
higher numbers of pieces is self-
evident.

The total number of permutations
of N pieces is given by the product of
all of the numbers between 1 and N,
which is denoted by N! (read
N-factorial):

NI =N X (N—1) X (N—=2) X. ..
X3 X2X1

Thus for the twelve Pentominoes, we
have 12! =479, 001, 600 permutations
to consider! This is not, however,
cause for despair; an efficient search
procedure will reduce the possibilities
to a small fraction of this number.

In order to make the search pro-
cedure clear, we will describe it for
the special case of the 10 by 6 Pen-
tomino puzzle. It will be obvious how
the method can be generally applied
to other cases.

The board is arranged with the
long dimension placed horizontally
and the short dimension placed ver-
tically. The program applies a scan
procedure which starts in the lower
left-hand corner and scans up the first
column, then goes to the bottom of
the second column and scans up this
column, and so on, for the third
through tenth columns. The first
empty square which it runs across in
this search is called the base square
(see figure 2).

The search procedure is summar-
ized in the flowchart in figure 3. Just
before the BASIC initialization rou-
tine is finished, it performs the search




ThePaper T

iger.
At $995,w!1¥ 1

¢ 5 N 4 -, A

setile for less.

v \

NS = Wi :L{n’fl.l’-.?u\ G

The Paper Tiger sets a new stan-  Plus lots more. For a free
dard for low-cost impact printers.  brochure, print sample, or the
More capability. More versatility. name of the Paper Tiger dealer
B Eight software-selectable nearest you, write or call. Integral
B 80 and 132 column formats. NatiCk, Massachusetts 01760.

all toll-fr -343-6412.
u FU” forms COFI'[I'O|. EMasgg:hu!et?s?Alaaglg.§nd3H£vaii

B DotPlot™ graphics option. call (617) 237-7610.

B Connects directly to Apple I, b e S
TRS-80, and other personal i%
computers. Integral Data Systems, Inc.



described above and finds the first
base square. If the user has not speci-
fied any pieces as fixed, this is just the
lower left-hand corner square. If fixed
pieces were specified, it need not be
this square (figure 2). The computer
has in mind a particular permutation
of the twelve pieces which was speci-
fied by the user. The program
chooses the appropriate piece and

START

SET UP BOUNDARY
AND INITIAL

PIECE CONFIGURATION
AND PERMUTATION

INITIALIZE

PIECE COUNTER,
ORIENTATION COUNTER,
AND BASE SQUARE

looks up its orientations in a table. If
the first orientation that it tries does
not fit, it goes on to the second, and
keeps trying until one of two things
happens:

® [t finds an orientation which fits,
in which case it puts the piece in
the box and then scans as described
above for the next base square. It
then tests this new base square to
see whether or not it is isolated (ie:
whether or not it is completely sur-
rounded by four filled squares). If
the base square is isolated, it can-
not serve as the new base square,
so the program jumps to the iso-
lated square routine which will be
described later. If the new base
square is not isolated, the program
picks the next piece in the permuta-
tion and goes back to the begin-

ning to look up the orientations of
this new piece.

® None of the orientations fit, in
which case the program takes out
the last piece it put in and tests that
piece to determine if it has any
orientations which have not yet
been considered. If there are addi-
tional orientations, the program
jumps back to the beginning to try
these. If all orientations have been
considered, the program removes
the preceding piece and tests that
piece for any more orientations.
Pieces are removed in this manner
until either a piece is found which
has more orientations, in which
case the program branches back to
the beginning to consider them; or
the program reaches the nucleus of
pieces which the user specified as
fixed. When this happens, the next
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IS BASE

SQUARE STILL

ISOLATED
P

YES

|

SET ORIENTATION
COUNTER TO ZERO;
DECREMENT PIECE

COUNTER

Figure 3: Flowchart for the Soma Cube-
Polyominoes program described in the
text.
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permutation in the ascending
sequence described above is
generated and tested. If there are
no permutations left, execution
stops.

Immediately after any piece is plac-
ed, the program checks to see if the
board is full. If the board is filled,
control is transferred back to BASIC
to print out the solution.

Two refinements have been added
to the above bare-bones routine,
which together result in a consi-
derable savings of time:

The isolated square routine men-
tioned above saves time by imme-
diately recognizing and rejecting
isolated base squares. Otherwise, the
machine would have to make many
tests before rejecting an obviously in-
valid base square. The routine works
by successively removing pieces until
the square under consideration is no
longer isolated. This routine results in
a savings of time only in the two-
dimensional case: in three dimen-

sions, it is no more efficient than the
basic search described above. This is
mainly due to the fact that an isolated
square seldom occurs in the three-
dimensional case because of the large
number of cubes (six) which must be
filled to isolate a given cube. For this
reason, the isolated square routine is
bypassed when the program is used to
run the Soma Cube.

The other refinement allows the
machine to avoid considering per-
mutations of the pieces which are cer-
tain to lead to no solutions. For in-
stance, if the machine never succeed-
ed in fitting more than five pieces into
the box in a particular permutation, it
will do no good for the permutation
routine to interchange the eleventh
and twelfth pieces: no progress will
be made until the position of the sixth
piece is changed. The program takes
account of this, and the result is that
while the permutations are still done
in the ascending order previously
described, a large fraction are simply
skipped since they cannot lead to

=
GQQ
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The method of scanning for the
base square in the two-dimensional
case is implemented in two loops: the
Y-scan loop nested inside the X-scan
loop. The scan method for the three-
dimensional case is similarly defined
by three nested loops: the Z-scan loop
is nested inside the Y-scan loop,
which is in turn nested inside the
X-scan loop.

Orientation Table

We should explain the meaning of
the phrase which was used above
when we said that the computer
“looks up” the orientations of the
pieces. This phrase means exactly
what it says: the machine looks up
the orientation from a table in
memory which has been entered by
the user.

But why can’t the computer figure
the orientations itself? The answer is,
of course, that it could. However this
would increase the running time of
the program by a factor of ten to one
hundred. The orientation checker is
the most often-used routine in the

-program, and it is important to have

it run as quickly as possible.

The user does not actually have to
enter the entire table. Listing 1 is a
BASIC program which automatically
generates the orientation table in
memory. In using this program, the
user need enter only one orientation
for each piece. The computer auto-
matically generates and encodes the
rest of the orientations. This can
result in a considerable savings in
time and frustration, since a polyo-
mino can have as many as eight
orientations, and a Soma Cube piece
can have as many as twenty-four
orientations.

Although this BASIC program
makes it possible to use the program
without understanding how the
orientation table works, it is worth-
while for anyone who intends to use
this program to learn how the table is
set up, since it is fundamental to the
operation for the entire program.

In a BASIC routine, the table
would be a four-dimensional array
B(K, J, M, I). In the assembly lan-
guage routine, the table is one-
dimensional, but we will explain the
mechanics of this shortly. At the
moment, an explanation of the four-
dimensional array will be more

helpful.
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Listing 1: BASIC program to generate the orientation tables for polyominoes and Soma
Cube. The computer generates all possible orientations after the first orientation has
been entered.

T REM TOPYRISHT 1979 OrIENTATION TABLE GENERATOR
10 INPOT"NUM3ER OF DIMENSIONS";D:C=8:1F D=3 THEN 0=2u
20 INPUT"NYMBER OF PIECES";P:INPUT"NUMBER OF 5QIJARES PER
PLECE";S
30 PRINT"ENTER RJI:FIPST ADORESS OF ARRAY OF LENGTH";P:INPOT RO
40 PRINT"ENTZR UO:PILikST ADDRESS OF AKRAY OF LENGTH"; (S-1)*0*Px*0
SINPOT 39
50 DIM X (20) ,Y (20) ,4(20) :T=0:M=P*C*(S-1) :FOR L=20 TO EyY+P
:POKE T,0:NSXT L
60 FOR I=80 TO BO+ (5-1)«P*Q*D: POKE I,0:NEXT I
70 REM ENTHF X,Y,2 COORDINATES OF FACH SOUARE OF LEACH PlLCFE
#0 FOR X=1 TO0 P
90 FNR [=1 TO S:X(L)=0:Y(I)=0:72(L)=C:NEXT [
100 PRINT“PLECF #";K:FOR I=1 TO S:PRLINT" SQUARE #" ;[
s INoutT" ENTER X";¥(I)
110 INPOUT" ENTER Y";Y(I):IF D=3 THEN IyPOT" SNTER 2'";4 (1)
120 NEXT IL:PRINT" STANDBY eceeaos'
130 REM4 TRANSLATE PIECE SO THAT BASE SQUAPE IS5 AT ORIGIN
140 A=0:8=0:C=0:E=0:F=90
150 =130:FOR I=1 TO S:IF X (I)<U THEN U=X(I)
160 NEXT I:FOR% IL[=1 TO S:X(I)=X (L) -U:NEXT I
170 U=100:FNR I=1 TO S:IF Y (I)< AND X(I)=0 THEN U=Y(I)
180 NTXT L[:FOR I=1 TO s5:Y(L)=Y(L)-U::NEXT I:IF D=2 GOTO 220
190 U=170:FOR I=1 TO S:IF Z(L)<U0 AND X (I)=0 AND Y (I)=0 THEN
U=2(I)
200 NEXT IL:FOR I=1 TO S:2(L)=2 (I)-U::NEXT I
210 REM DORDFR SQJARES ACCORDING TC THEIR DISTANCE FROM THE BASE
SQUARE
220 FOR I=1 TO S=1:FOR J=I+1 TO S
SGEX (L) *X (I)+Y (L)*Y (T)+2(I)*2(I)
230 H=X(J)*X (J)+Y (J)*Y (J)+2(J) *Z(J):IF G<il GOTO 270
280 IF s=d AND (X (I)<X(J) OR (X (I)=X(J) AND Y(I)<Y(J))) GOTO 270
250 LF G=H AND X (I)=X(J) AND Y(l)=Y{J) AND Z (L)<Z(J) GOTO 270
260 W=X (L) :X(I)=X(J):X (J)=W:W=Y(I):Y(L)=Y(J):Y(J)=W:W=2Z(])
tZ2(L)=2(J) 4 (J) =4
270 NEXT J:N&XT L:IF A=0 GNTO 380
280 REM COMPARE ORIENTATION TO THOSE ALRZADY OBTAINED
290 FNR I=1 TO A:FOR J=1 TO S—-1:U=BO0+J-1+ (S—-1)* ()% (K-1) +I-1)
300 V=Y (J+1) :IF V<O THEN V=V+256
310 IF X (J+1)<DOPEEK (U) OR VL>PEFEK (U+M) GOTO 360
320 I® D<>3 GOTO 350
330 W=Z(J+1):IF W<0 THEN W=W+250
340 IF A<O>PLEK (U+2*¥M) GOTO 360
350 NEXT J:GOTO 440
360 NEXT I
370 REM PUT ENTRLES IN TABLE
360 J=0:A=A+1:FOR I=2 TO S:J=J¢1:U=BO0+J-1+(S5-1) *(Q* (K-1) +A-1)
390 V=Y(I):IF v<0 THEN V=V+256
400 W=Z(I):L? W<O THEN W=W+256
410 POX® U,X (L) :POKE U+M,V:IF D=3 THUEN POKE U+2#4,4W
420 NEXT I
420 REM ROTATE TO NEW ORIENTATION
440 B=B+1:I[F B=4 THEN B=0:GOTO 460
450 FOR I=1 TO S:W=X(IL):X(L)=Y(I):Y(I)=-4:NEXT I:G0TO 150
460 C=C+1:IF C<>2 GOTO 520
470 C=0:IF D=2 GOTO S30
480 E=E¢1:IF E>1 GOTN 500
490 FOR I=1 TO S:W=Z(I):2(L)=X (1) :X(LI)=-W:NEXT TI:G0TO 150
500 F=F+1:IF F>1 GOTO 540
510 FOR I=1 TO S:W=Y(I):Y(L)=2(I):2(I)=-W:NEXT I:GOTO 150
520 POR I=1 TO S:X(I)=-X(I):2(L[)=-2(I):NEXT L:50T0 150
530 REM PRINT NUOMBER OF ORIENTATIONS AND PUT IT IN ARRAY R
S40 PRINT A,"ORLENTATIONS":POKE RO+K,A:IP T=1 G0TO 570
550 NEXT K
560 REM GO BACK AND CORRECT MISTAKES
570 T=1:INPUT"ENTRR I.D. NUMBER OF A PIECE YOU NZED TO
CORRECT (0O IF NONE)";K
580 IF £<>0 GQTO 90
590 PRINT" *%x4*x% DONL kK KRN
600 PRINT"RECORD ARRAYS R AND B ON TAPE TO SAVE":END
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The first index, K, is the assigned
number of the piece whose orienta-
tions are being considered. Thus, for
the case of Pentominoes, K ranges
from one to twelve, and for the Soma
Cube pieces it ranges from one to
seven.

The second index, J, labels the indi-
vidual squares or cubes that make up
the piece under consideration. The
positions of these squares will be
defined in the table by their Cartesian
coordinates relative to the base
square, which is taken at the origin,
ie: at (0,0) in the two-dimensional
case, and at (0,0,0) in the three-di-
mensional case. Since the coordinates
of the base square are fixed in this
way, we need only tabulate the posi-
tions of the other squares relative to
it. Thus, for Pentominoes, ] ranges
from one to four (not five), and for
the Soma Cube it ranges from one to
three (not four).

The ordering of the ] values as-
signed to the various squares is deter-
mined by their distance from the base
square. It is important that the
squares nearest the base square have
the lowest values of ] because of the
method we use to define the bound-
ary of the box (ie: putting —1s
around it). Unless the ] values are in
ascending order with increasing dis-
tance from the base square, there is a
chance that the program might try to
access a memory location which is
not a part of the box. The BASIC
table-generating program auto-
matically takes care of this ordering.

The third index, M, labels which
Cartesian coordinate is referred to by
a given table entry. M =1 refers to an
X-coordinate, M=2 refers to a
Y-coordinate, and M =3 refers to a
Z-coordinate. For any polyominoes
M can be either one or two, and for
the Soma Cube M can be one, two, or
three.

The fourth index, I, labels which
orientation is being described. The
number assigned to a given orien-
tation has no significance except for
labelling purposes. The range of I is
given by the maximum number of
orientations of the pieces under
consideration, which is eight for all
polyominoes, and twenty-four for the
Soma Cube pieces.

To sum up this information with an
example, the table element B (1, 2, 3,
4) gives the Z-coordinate of square
number 2 in the fourth orientation of
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Table 1: Orientation table entries for example of Pentomino 9. In the diagrams, the base
square is labeled B and the other squares are labeled by their | values. The base square is
always the lowest square in the leftmost column of the figure, and the table gives the
coordinates of the other squares with respect to it.

piece number 1. Table 1 clarifies this
by showing all of the orientations of
Pentomino number 9 and the table
entries which go with each figure.

The main program looks up values
in the orientation table by calling a
subroutine called LOOKUP. This
subroutine is called many times dur-
ing each loop of the main program
and is therefore the most time-critical
portion of the program.

In the program given here, a cer-
tain amount of speed has been sacri-
ficed for the sake of generality. If the
user is interested only in a particular
problem, the subroutine can be speci-
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fically rewritten for this problem, and
the running time may be cut consid-
erably. For instance, the first pro-
gram that we wrote considered only
the Pentomino problem for a 10 by 6
box, and ran almost twice as fast as
the general routine given in this arti-
cle. Clearly, however, it is most
desirable to start with a completely
general program like the one given
here.

Definition of Variables

As mentioned before, any arrays of
more than one dimension must be
stored as linear arrays in memory.

The array A, representing the play-
ing region, is two-dimensional when
we are considering polyominoes and
three-dimensional when we are con-
sidering Soma Cubes. In both cases
the linearized array is arranged in
memory so that the scan procedure
described above goes through the
linear array in ascending order. For
instance, the Soma Cube array is
stored with the Z index varying fast-
est and the X index varying slowest:

A(1,1,1), A(1,1,2), . . ., A(1,1,5),
A(1,2,1), A(1,2,2), .. .,
A(1,2,5) . . ... .. , A(5,5,1),
A(5,5,2), ... A(5,5,9)

(Remember that we put a boundary
of —1s around the box, so the dimen-
sions of the array are 5 by 5 by 5
rather than 3 by 3 by 3.) The dimen-
sions of array A vary depending on
the problem being considered, but a
reserved memory space of about 300
bytes is sufficient for most reasonably
sized problems. Array A begins at an
address denoted by A0 in the BASIC
and assembly listings, and is indexed
by the value stored in variable L.

In the linearization of the orien-
tation table, the elements B(K, J, M,I)
are stored with the index ] varying
fastest, I varying next fastest, K next,
and finally M, varying slowest. More
specifically, if we define the following
quantities:

P: number of pieces,
S: number of squares or cubes per

piece,
Q: maximum number of orientations
for any one piece (eight for

polyominoes and twenty-four for
Soma Cube pieces),

D: number of dimensions (two for
polyominoes, three for Soma Cube),
BO: beginning address of orientation

table, -

then the location in memory of the
element B(K,J,M,I) is given by
BO+]—1+(S—1)X{QX|[P
X(M~-1)+K—-1]+1—1}, and the
number of elements in the table is
given by (S—1)XQXPXD. In
assigning array space, the user should
provide enough space for this table.
Note that in the symbolic assembly
program, the letters P,S5,Q,D,I,]J K
are used to denote the addresses of
these quantities rather than the quan-
tities themselves. Henceforth we will
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Listing 2: BASIC driver and printout routine for Soma Cube — Polyoiminoes program.

The "blackout” in line 1070 indicates use of the PET Shift-& graphics character.

1 RaM 20KF 135,20 TO PRITECT MACHINE CODE FR0M BASIC LNTEKPRETER

2 REM "5 YILDS PRINTOUT 5Y4FOL5 FOF PIECES
} OBE="XLVTHSGAPRZYLY

10 REY ZIPRIGHT 1974 50MA-POLYIMINO DRIVER PROGRAM
11 INPUT" ENTER NUARTR OF DIMENSIONS":LD

12 POKZ 31,0

13 INPUI™ ENTHH THE NUMBER OF PLECES" ;P

14 POKE 27,2

195 INPOUT"NUMARR OF SONARS PER PLECE' ;5

16 POKE 25,3

17 PRINT"ENTER DIMENSLONS 0P TUS BOX"INPUT"WX" (WX INDUTYWY " ;WY

18 WZ==-1:IF D=3 THZN INDPUT"WZ" ;W%

19 AX=dAX+2:4Y=WY+2:WZ=AZ+2:DOFKZ 28,WX:POKE 29,dY:POKE 30,WZ

20 REM ASSIGN VALUES TO AQ,ED,B0,C1,02,E0 AGGREEING WLTH
ASSEABLY PROGRAM

21 A0=6300:80=6580:B2=6600:C1=6200:C2=6220:E0=6240

30 RE¥ A$ HOLDS EACH SOLUTION FOR PRINTOUT

40 REM ARKRAYS R AND i ARE PRODUCELC BY TAB. GEN. PROGRAM AND
LOADED FROM TAPE

50 POKZ 26,3-1:POKE 32,0-1

60 0=8:TF D=3 THEN D=24

70 POKE 33,0:SPACE=Q%DP* (S-1) :I=INT(SPACE/25%0) :J=3PACE-250%]
:POKZ 36, J:POKE 37,1

80 INDE¥=BO0-1- (S—1)*()+1) :I=INT (INDEX/256) :J=INDEX-256%1
:POXZ 39, J:POKE 39,1

00 FOR [=A) T AQ+WX*W{*WZ-1:P0KE I[,0:NEXT I

100 FOR [=C2 T C2+¢P:PUKL I,0:NEXT I

110 REM PLACE BOINDARY OF (-1) *S AROUND BOX

120 J= (AX-1) *4Y#WZ 1K= (W7 -1)*WZ:N=HY*WZ

130 FOR I=A0 T AO+M—-1:POKEZ I,255:POKE I+J,255:NEXT I
:FOR L=1 TO W2

140 POR I=A0+M+L-1 TO AJ+J+L-4-1 STEP M:POKE [,255:POKE I+K,255

:NEXT L:NEXT L

150 IF J=3 THEN FOR I=AD+Me¢WZ TO AO+J-2%WZ STEP WZ:POKE 1,255

160 POKE L[+WZ-1,255:NEXT L

170 PRINT"ENTER COORDINATES OF OFF=LTMITS SQUARES."
:PRINT"WIEN DONE ENTER 999 FOR X"

180 INPUT" X";X:IF X=999 50TO 210

190 INPUT™ Y";Y:Z=0:1F D=3 TIEN INPUT" 2";7

200 POKE AQ+WZ* (WY*X+Y)+2,255:PRINT:GOTO 130

210 PRINT:DPRINT"ENTER INI1TIAL PERMUTATION OF PLECES":PRINT

220 FOR [=1 TO P:INPUT X:POKE C1+I,X:NEXT I

230 INPUTMENTER NUMSLE OF PIECES FIXED";:7%

240 POKE 15,Z:POKE 0,Z2+1:POKE 14,2+ 1:1IF 2=0 s0TO 300

250 REM PUT IN FIXED PIECES, IF ANY

260 FOR L=1 TO Z:PRIYT:PRINTYENTFR COORDS. OF FACH SQUARE OF
PIECE"; PECK (C1+1)

270 FOR J=1 TO S:PRINTMSJUARE";J:INPUT" X'";X:INPUT"
SIF D=3 THEN INPUT™ 2";7%

280 PE=PZEK (C1+I) :POKE AOQ+WZ* (WY*X+Y) +Z,PE:NEXT J:NEXT I

290 REM INITIALIZE BASE SQUARE

300 FOR I=1 TO WX*WY*WZ-1:IF PEEK (AC+I)=) THEN POKE 11,I
:GOLO 320

310 NEXT I

320 POKE 18,1

330 SYS(5129)

999 Cc=0

1000 REM PRINT A SOLUTINN

1010 IP PEEK (18)=0 TJ{EN PRINT:PKRINT' DONE !!¢!I":END

1020 C=C+1:PRINT:PRINT"SOLUTION #';C:PRINT

1030 7Z=):A%="":POR Y=W{-2 TO 1 STEP -1
:IF D=3 THEN FOR 2=1 TO WZ-2

1040 FOR X=1 TO HX-2:A=PREK (AQ+WZ% (HY*X+Y) +2

1050 IF X=1 AND Z<>0 AND 2<>WZ-2 THEN AS=A+n v

1069 [P A=0 THEN AF=AF+"0":GNTO 1C9C

1070 [F A=255 THEN Ak=Af+"blackout":50T0 1090

1080 A3=AS+MIDSH (BS,A, 1)

1090 NEXT X:I¥ D=3 THEN NEXT 2

1100 NEXT ¥

1110 U=#X-2:IF D=3 THEN U= {W¥=-1)* (W2=-2)+]

1120 FOR I=1 TO WY-2:PRINT MIDB(A$,U* (I-1) #1,U) :NEXT I

1130 REM TYPING "S" WILL CANSE EXECUTION TO STOP ON NEXT RETURN

TO BASIC
1140 GET YG3:IF YG$="S" THEV PRINT:PRINT"
1150 SYS (57959)
1160 GOTO 1010

STOP": END
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Y*;Y:2=0

use (P) with parentheses to denote the
contents of memory location P, etc.

Other symbolic addresses appear-
ing in the program include:

N: address containing 1 plus the
number of pieces currently in the box,
Z: address containing the number of
pieces specified as fixed by the user,
T: address containing the maximum
number of pieces fitted into the box
during the current permutation,

WX, WY, WZ: addresses containing
the width of the box in the X, Y, and
Z directions respectively (including
the boundaries of —1s). For two-di-
mensional problems, WZ is set equal
to 1,

C1: first address of an array contain-
ing the piece numbers in the order
given by the current permutation, (P)
is the length of this array,

C2: first address of an array contain-
ing the orientation numbers of the
pieces in the order corresponding to
that in the table beginning at C1, (P)
is length,

RO: first address of an array, the N-th
element of which is the number of
possible orientations of piece number
N. This table is automatically
generated by the BASIC program
which generates the orientation table
B, (P) is length,

EQ: first address of an array, the N-th
element of which gives the position of
the base square of piece number N,
(P) is length.

The user should choose absolute
addresses for the arrays so that they
do not overlap; note that the array at
BO is particularly long. Since the
arrays at RO and BO are both
generated by the BASIC orientation-
table routine, it simplifies matters if
RO is about 30 bytes in front of BO so
that the two arrays can be recorded
on tape as a single file.

Although the assembly language
part of the program (listing 3) is com-
pletely symbolic and therefore relo-
catable, the BASIC driver routine in
listing 2, which contains the ini-
tialization and printout routines,
must refer to the absolute addresses
of some of the variables. Table 2 is a
list of the absolute hexadecimal ad-
dresses used in running the program
on a Commodore Pet with 8 K bytes
of memory. In relocating the pro-
gram, the user should be careful to
make the addresses referred to by the
two routines consistent. Listing 4 (see



MOVING DATA AT A SNAIL'S PACE
BECAUSE YOU'RE FLOPPY BOUND2

Let Corvus Systems put you back in the race!

hardware/software.
disk: IMI-7710.
ar technology.
controller.

1%
i1
:
o
-
7e
=

b

tTRS-80 is a registered trademark of Radio Shack, a Tandy Co.
tApple is a registered trademark of APPLE Computers, inc.

900 S. Winchester Boulevard
CORVUS SYSTEMS, |\, (VM San Jose, California 95128
408/246-0461
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Table 2: Absolute hexadecimal addresses used in running the Soma Cube — Polyo- page 52) is a hexadecimal object code
tninoes program on an 8 K byte Conumodore Pet. This table includes the addresses of all dump of the main assembler routine

symbolic variables used in listing 3. of listing 3.
Variable or Location Variable or Location Usmg the Program
Location Name (Hexadecimal) Location Name (Hexadecimal) The assembly language program
VE 4GD (listing 3), the BASIC driver routine
| ? RES'\AA\SE 14ED (listing 2), and the table-generating
K 2 LOOP3 1508 routine (listing 1) should each be
i g \fgc’\)/lsp& 122‘71 recorded on tape in separate files.
U D LOOP4 1547 Once a specific problem has been
T E LEAVE 159C chosen, the table-generating program
SA%FE 1':0 égg}é’;%. :gﬁg should be loaded and run. As input,
v 11 PERMUTE 15C2 this program requires the number of
FLAG 12 ILOOP 15CC dimensions (D), the number of pieces
BXLO 13 JLOOP 15D7
BXHI 24 MAX 15F4 (P), the number of squares or cubes
BYLO 25 SWITCH 1612 per piece (S), and the array addresses
ggﬁé Sg ZOEF?[())ECF}Q 11232 RO and BO, defined above. The com-
BZHI 28 NEXTJ 164A puter then asks for the X and Y (and Z
S 29 NEXTU 1651 if (D)=23) coordinates of each square
Sle)m gg NE)SS%TC%H 12?% of each piece. When entering these,
WX 2C TAKEOUT 168F the chosen location of the origin of
wy 2D LOOKUP 16BC coordinates is not important. For in-
wz 3E TOP 16CD h d . in £
D 3F MULT1 16D7 _ stance, the second tromino in figure 1
PM1 20 STEP1 16DE could be entered in either of these two
Q 21 STORE1 16E5 ways:
OLDK 22 MULT2 16EB ’
OLDI 23 STORE2 16F8
SPACELO 24 MIDDLE 1721 (X,Y)=(1,0) (X,Y)=(4,2)
SPACEHI 25 MULT3 1729 (0,0) or: (3,2)
INDEXLO 26 STEP3 1730 ’ ’ ’
INDEXHI 27 ADD 1737 (0,1) (3,3)
TEMP 28 DIM3 174F
E’géﬁ: 13?8 "g%‘;ﬁ 11;22 After the data for each piece has
TEST 1428 END 1761 been entered, the computer pauses,
'[\SEOEEZT Jjg’é 812 ;gj’g prints out the total number of dif-
NXTBASE 146D EO 1860 ferent orientations of that piece, and
INCX 146F A0 189C then asks for the data on the next
é%%[is& 13%% 28 ng piece. After all of the pieces have
JSTART 14C8 been entered, the program asks if any
were entered incorrectly, and gives

the user an opportunity to go back
and correct any mistakes. Once the

Listing 3: Symbolic 6502 assembly code listing for Soma Cube — Polyominoes pro- Program stops, the arrays beginning
gram. The nonrelative variables addressed are given in table 2. Listing 4 is a hex- at RO and BO should be recorded on

adecimal dump of the program for people who do not have an assembler available. tape. They can be recorded as one file
START: Dbl N if I}EO and BO werde chosen close to-
INC C2,X ;increment orientation counter gether as 'suggeste N .
LDA C2,X There is one slight difficulty. In
Eg: é1 ; i (I)=orientation number running the Soma Cube, the program
) . . .

e . (K) =piece number will ask for the positions of.four
LDY #1 cubes for each of the seven pieces,
STY J _ even though one piece, the second, is
LOOP1: igi kgoi'lp icheck l('f()or}tlerlwte;fvtor) t(Ilbof made up of only three cubes. This

s pliece Wl 1 into oKX . .
BNE TEST :if no, check for other orientations prob]'em can be SldeStEPPEd by.51m.ply
INC J entering one of the cubes of this piece
LDA SH1 twice. A slight redundancy during
cue J running will result, but the increased
e lity in the problems that can b
JMP INSERT ;if yes, insert it generaity in the problems that can be

TEST: LDX K ;check if piece (K) has any run will more than compensate.
LDA I more orientations Once the orientation table has been
ggg Eg;)f(u‘ e ST, . generated and saved, the assembly

S ;if yes, go chec em ou

JMP REMOVE ;if no, remove previous piece lar}guage modu]e and the BA.SIC
INSERT: LDY #1 driver routine should be loaded into
STY J memory along with the table. In the
Listing 3 continued on page 42 Text continued on page 48
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ASIC.
bles and Connectors.
ier Documenta-

: Beaonct- )\
AR PR . ¥
OF KM AW R

>
& o

TARBELL DOUBLE DENSITY INTERFACE FOR 8’ FLOPPY DISK

_‘; Under Tarbell Double-Density CP/M, single and double density disks may be intermixed. The system automatically
| determines whether single or double density is in place.

| ®Software select single or double density. ® Extended addressing provides 8 extra address bits, per-
® Phase-locked-loop and write precompensation for mitting direct transfers anywhere in a 16 megabyte
| reliable data recovery and storage. address range. ; )
Py | ®On-board phantom bootstrap PROM is disabled after ®Select up to 4 drives, single or double-sided. )
" | bootstrap operation so all 64K memory address space is  ®New BIOS for CP/M included with interface on single-
" | available to user. density diskette.
i i ® DMA in single or double density permits multi-user oper- Double Density Interface only, assembled & tested. . . . . . $425,
;‘1 / ation. CP/M is a registered trademark of Digital Research.

950 DOVLEN PLACE ¢ SUITE B * CARSON, CALIFORNIA 90746
(213) 538-4251 ¢ (213) 538-2254
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When
youwant to
1mprove
your image,

ehhadd A

WA

P. k
A D i
als y.
Diablo invented the Daisy Wheel.
Which is why today, more people
%ck one of over 100 different Diablo
aisy Wheels when they want print
quality at its finest.
So. the next time vou want
to improve your image. pick our daisy
and you're sure to look vour best.

Diablo Systems
XEROX

Dhablo® and Xerox are regntered wrademarks of
XEROX CORPORATION.
42
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LOOP2:

NXTBASE:
INCX:

ISOTEST:

REPLACE:

JSTART:
REMOVE:

SAVE:

LOOP3:

Listing 3 continued:

JSR
LDA
STA
INC
LDA
cup
BCS
LDX
LDA
STA
TAX
LDA
STA
LDA
cnp
BNE
RTS
LDX
INX
LDA
BEQ
JMP
STX
LDA
cup
BEQ
TXA
cLC
ADC
TAX
LDA
BEQ
TXA
cLC
ADC
TAX
DEX
LDA
BEQ
JNP
LDA
STA
INC
LDA
cup
BCS
LDA
STA
JNP
LDX
LDA
STA
DEX
STX
LDA
STA
LDA
STA
LDA
cnp
BCC
JHP
LDY
LDX
STX
LDA
STA
LDY
STY
JSR
LDA
STA
INC
LDA
cnp
BCS
LDX
LDA

LOORUP
K

AO’X

J

SM1

J
LOoOP2
L

K

AO,X

L

EO, X

P

N

NXT BASE

L

AOD, X
ISOTEST
INCX

J

D

*3
REPLACE

#
A0, X
REPLACE

WY

AOQ, X
REPLACE
IS0SQ

START

HzZzuzZz3=ZCg

START

SAVE
PERMIUTE
K

EO, Y

L

*0
AO,X
1

J
LOOKUP
#0
AOQ, X

J

SH1

J
LOOP3
K

I

;insert piece (K) by putting the
number (K) into the appropriate
squares of the box

;save base square of piece (K)

;1if all of the pieces are in the borx,
return to BASIC to print solution
;otherwise, find next base square

;scan for next base square

;put new base square in location J

;if (D)=3, skip isolated square test
;test if nev Lase square is isolated

;if it is not, go to REPLACE
;if it is, gqo to isolated square routine

;set new base square

sincrement piece counter

; (T) =greatest number of pieces
successfully fitted into box in
current permutation

;return to START
;remove last piece inserted

;set orientation number to zero
;decrement piece comnter

;check if new piece is fixed

;1if no, take it out

;if yes, go to next permutation of pieces
;rcecover base square of the

piece to be taken out

;take out piece by putting zeroes
in each square it occupies

;check if piece has any more orientations



JuMpPi:
I505Q:

LOOP4:

LEAVE:

JUMP2:
REPEAT:

PERMUTS:

ILOOP:

JLOOP:

cHp
BCS
JNP
Jup
LDY
LDX
STX
LDA
STA
LDA
STA
LDY
STY
JSR
LDA
STA
INC
LDA
cHp
BCS
LDA
STA
GG
ADC
TAX
LDA
BEQ
DEX
DEX
LDA
BEQ
TXA
5EC
SBC
TAX
INX
LDA
BEQ
TXA
(e
ADC
ADC
TAX
LDA
BEQ
JIMP
LDX
LDA
cup
BCS
JMp
amp
L DX
LDA
STA
DEX
STX
LDA
STA
LDA
STA
Jmnp
LDA
STA
cup
BNE
DEC
LDA
STA
LDA
CILC
ADC
STA
LDX
LDY
LDA
cHp
BCC

RO, X
JUMP1
START
REMOVE
K
EO, Y
L

#0
A0, X
J
SAFE
%1

J
LOOKUP
0
AO, X
J

SH1

J
LODPY
SAFE
J

#1

AO, X
LEAVE

A0, X
LEAVE

WY

Ad, X
LEAVE

WY
WY

A0,X
LEAVE
REPEAT
K

I

RO, X
Junp2
START
REMOVE
N

#0
C2,X

N
Cl,X
K
C2,X
L
I505SQ
iy

I

p
ILOOP
I
$127
U

I

*1

J

I

J
Cl,Y
C1,X
MAX

:if no,

remove a further piece

;1f yes, go check them out

;fcecover base square of piece to be taken
out to cure isolation of new base square

;store base square in safe place

;remove last piece inserted

sCecover hase square

stest if it is still isolated by checking
if each of the four squares around it is

filled

;1f 1t is not still isolated,
prepare to return to normal routine

if it is,

;check if piece

repeat isolated square routine
(K) has any

more orientations

sif no,
1 1f yes,

remove previous piece
go check them out

;set orientation number to zero

;decrement

;set new values of (K) and

piece counter

(1)

;rcepeat isolated square routine

;find new permutation,

making sure that

the repermutation goes at least as far

back as the

(T)-th piece of the old

permutation

;the nested I and J loops pick two elements

of the permutation to be interchanged.

These are:

permutatior:

following
following
than it

the last element of the
which has a larger element

it, and the smallest element
this element which is greater

Listing 3 continued on page 46

x,RATED

Revolutionary
Computerized
Math!

Enter
? SOLVE (X43 - A%2°X. X):
muMATH Responds

B AL

Ent

el
? TAN (X} " COS(X)+ 1/ CSC{X),

Response
@ 2 * SIN(X)
Symbolic Integration!
7 INT (X

INT (X*COS(A*x42), x);
@ SIN(XA2°A) / (2°A)
Symbolic Matrix laversion!
7 1. X|

[0.Al ¢+ 1
w1 XAl
[0.17A]
Exact Anthmetic!

7991 - 84(1/2) / 484 35;
9296438922463401814427834899493
25620556958714433004 11356128843
20039@4069287504517225987785938307
497936652596433351 / 12500000000000

muMATH™
@ These examples illustrate only a
few of the many symbolic math
capabilities of muMATH. Note
that it is not limited to numerical
evaluation as in BASIC or PASCAL.

Auvailable for 8080, 8085 and Z80
processors using standard CP/M/*
CDOS*, IMDOS*, and TRSDOS*
operating systems.

Engineers and scientists find it
ideal for deriving or checking leng-
thy analytical results.

Students and teachers agree it is
superb for math education from
exact arithmetic through calculus.

Hobbyists have discovered the
underlying muSIMP program-
ming system perfect for other arti-
ficial intelligence applications.

Also available from The Soft-

Warehouse is a sophisticated LISP
language interpreter for the above
processors and operating systems.

All software with extensive docu-
mentation is immediately available.

Call or write directly for fast re-
sponse.

* Manufacturers’ registered trademarks.
%
the

= nIm
OFT U EHOUS

P.0. Box 11174, Honolulu, Hawaii 96828
Telephone (808) 734-5801

November 1979 © BYTE Publications Inc 43



ERERERER:




.

-

' f'.’* : New 1.2 megabyte
iy ' quad-density disk. $S1545.

Now you can afford to put a
million bytes of memory in your
S-100 system.

Introducing DISCUS 2+2™
full-size quad-density floppy disk
system by Morrow. DISCUS 2+2™
gives you 1.2 megabytes per disk-
ette (600K bytes of double-density
dataper side). Andit's all address-
able as easily as main memory with
the system'’s exclusive BASIC-V™
virtual disk BASIC software.

Best of all, DISCUS 2+2™comes
complete, assembled, and ready
to run for just $1545. Included in the
system price are an S-100 con-
troller, factory-mounted full-size
disk drive, a complete library of
pre-interfaced software, even cables
and connectors.

But you don't have to get your
first million in one big megabyte.
Morrow's DISCUS/2D™ single-side
double-density floppy disk system
gives you 600K per full-size diskette
for just $1149, complete and
assembled. And when you wantto
expandto a full megabyte, just plug
inaseconddrive...boththe hard-
ware and software are expandable.

And if economy is a real concern,
you can still get started on your
million with Morrow's DISCUS ™
250K single-density disc system.
It's delivered complete and
assembled for just $995...and
will accept up to 3 more drives.

All three Morrow disk systems
meet the Proposed IEEE S-100
standard and are compatible with
2MHz, 4 MHz and 5 MHz S-100
systems. A dual-drive cabinet is
available as an option with any
density you choose.

Why set your goals low and slow
with a mini-floppy system? Get
started on your first million with a
DISCUS™ full-size system by
Morrow. See your local computer
shop. Or write Thinker Toys™
5221 Central, Richmond, California
94804. Or call (415) 524-2101,
weekdays 10-5 (Pacific Time).

Morrow Designs

Thgnker Toys-

Circle 255 on inquiry card.




Circle 141 on inquiry card.

Listing 3 continued:

A.C. POWER o
CONTROL for ALL cHP C1,¥
COMPUTERS or BCC MAX
COMPLETE TURNKEY ST
LDA C1,Y
SYSTEMS STA U
Interface TO the Real World with GIMIX Relay MAX: INC J
Driver Boards. Connects to any Computer égg 5
through a 20 ma. current loop (up to 4 e
Boards- 128 Relays per port). LD; U
Interface FROM the Real World with GIMIX cMp #127
* OPTO BOARDS (up to 34 switch closures with one 8 bit BNE SWITCH
Parallel 170 Port) DEC I
* 16 BUTTON KEYPADS LDA Z
% 35 BUTTON ALPHANUMERIC KEYPADS cHp I
B8CC ILoOOP
A Broad Range of 6800 Svstems LDA #0 ;1f such elements cannot be found, clear
and Boards Compatible STh FLAG FLAG and returr to BASIC to stop
. RTS
Wlth the SSSO BUS SWITCH: INC N ;intercharge €lements found by
. 3 LDA N I and J loops
it STA T
z LDX I
LDA C1,X
LDY V
STA C1,Y
LDA U
STA C1,X
LDA N
STA J
ZFROC2: LDA #0 ;reinitialize orientation numbers
LDX J
MAINFRAME: Includes chassis, power ?32 ?2' X
supply, switches, fan and mother board..$ 798.19 LDA D
16K SYSTEMS: Mainframe. plus 6800 CPU, C"g J foca
. . BCS ZE
é?ﬁeftsélé:kgargsa:\?aﬁgglltéeofI/O".431344.29 LDA Pul sif repermutation only interchanged last
9 ' CMP I two pieces, return to START
H BNE ORDER
16K Static RAM N TTEE
Boards for the 3 ORDER: LDA I ;otherwise, reorder new permutation
SS-50 Bus ; CLC into ascending order
e Gold bus connectors e
* 4 separate 4K Blocks . STA.
* Individual Addressing, LB L
Write Protect, and Enable/ , CLC
Disable for each bloc Memories . . . ADC #1
= STA U
S 13
298 NEXTU: LDX J
As above LDY U
with Sockets |
and Software LDA C1,X
control features CMP Cl,Y
536816 BCC NOSWTCH
STA V
All GIMIX memory boards are assembled, LDA C1,Y
Burnt-In for 2 weeks, and tested at 2 MHz. 4
Add $32.00 fer 250 ns parts ig: VC1 X
TI TMS 4044’s — 10% SUPPLY STA C1,Y
(Not an ‘“‘equivalent”, but the real thing!) NOSWTCH: LNC U
450 ns $5.90 each 250 ns $6.90 each LDA P
BKRROM BOARD ... ,is s s s ¢ awmas & sioseds » $ 98.34 cHp U
4K PPD PROM BOARD. Burner and Duplicator. .. 198.35 BCS NEXTO
2008'S. each  7.90 INC J
64 0r 32 x 16 VIDEO BOARD .. .............. 198.71 LDA pt1
80 x 24 SUPER VIDEO BOARD with user programmable RAM cgg ;: o
charactergenerator. . ..................... 458.76 e e ) . -
Serial 1/0's 1port$ 88.41 4Port 198.43 JUB ESEART sraguurn tol s T
| o : $ 88‘42 S 198.45 LSTPCE: LDX K ;BASIC returns control to here after
Parallel 1/0's . ... .2 Port . . . LDA EO,X printing a sclution so that the (P)-th
Add $5. handling charge on orders under $200. STA L piece car be taken out
LDA #1
STA J
Glmlxlnc' TAKEOUT: JSR LOOKUP
LDA #0
1337 WEST 37th PLACE STA AO,X
CHICAGO, ILLINOIS 60609 INC J
(312) 927-5510 » TWX 910-221-4055 Listing 3 continued on page 48

Quality Electronic products since 1975.
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Solve your rsonal energy crisis.
Let VisiCalc’Power do the work.

With a calculator, pencil and paper you can spend hours plan-
ning, projecting, writing, estimating, calculating, revising, erasing
and recalculating as you work toward a decision.

Or with VisiCalc and your Apple* I you can explore many
more options with a fraction of the time and effort you've spent
before.

VisiCalc is a new breed of problem-solving software. Unlike
prepackaged software that forces you into a computerized
straight jacket, VisiCalc adapts itself to any numerical problem
you have. You enter numbers, alphabetic titles and formulas on
your keyboard. VisiCalc organizes and displays this infor-
mation on the screen. You don’t have to spend your time
programming.

Your energy is better spent using the results than get-
ting them.

Say you’re a business manager and want to project
your annual sales. Using the calculator, pencil and paper
method, youd lay out 12 months across a sheet
and fill in lines and columns of figures on
products, outlets, salespeople, etc. You'd cal-
culate by hand the subtotals and summary
figures. Then you'd start revising, erasing
and recalculating. With VisiCalc, you simply
fill in the same figures on an electronic
“sheet of paper” and let the computer do
the work.

Once your first projection is complete,
youre ready to use VisiCalc’s unique,
powerful recalculation feature. It lets you
ask “What if?)’ examining new options
and planning for contingencies. “What if”
sales drop 20 percent in March? Just type in
the sales figure. VisiCalc instantly updates
all other figures affected by March sales.

Circle 301 on inquiry card.

Or say you're an engineer working on a design problem and are
wondering “What if that oscillation were damped by another 10
percent?”” Or you're working on your family’s expenses and
wonder “What will happen to our entertainment budget if the
heating bill goes up 15 percent this winter?”” VisiCalc responds
instantly to show you all the consequences of any change.

Once you see VisiCalc in action, you'll think of many more
uses for its power. Ask your dealer for a demonstration and dis-
cover how VisiCalc can help you in your professional work and

personal life.

You might find that VisiCalc alone is reason enough to
own a personal computer.

VisiCalc is available now for Apple Il computers with
versions for other personal computers coming soon. The
Apple Il version costs just $99.50 and requires a 32k disk
system.

For the name and address of your nearest VisiCalc

dealer, call (408) 745-7841 or write to Personal

=P Software, Inc., Dept. B, 592 Weddell Dr,,

> \\\ Sunnyvale, CA 94086. If your favorite

‘ .} dealer doesn’t already carry Personal

Software products, ask him to
give us a call.

O
P EVIE

VisiCalc was developed exclusively for
Personal Software by Software Arts, Inc.,
Cambridge, Mass.

TM=VisiCalc is a trademark of
Personal Software, Inc.

*Apple is a registered trademark
of Apple Computer, Inc



Listing 3 continued:

LOOKUP:

MULT1:

STEP1:

STORE1:

MOLT2:

STORE2:

MIDDL¥®:

MULT3:

STEP3:

48

LDA
cHp
BCS
LDX
LDA
STA
JMP
LDY
LDA
CMP
BNE
LDA
CMP
BNE
JMp
LDA
STA
LDA
STA
LDX
ASL
BCC
CLC
ADC
DEX
BEQ
ASL
JHP
ADC
STA
LDX
DEX
BEQ
ADC
BCC
INC
CLC
JMP
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
1.DA
ADC
STA
LDA
CMP
BNE
CLC
LDA
ADC
STA
LDA
ADC
STA
LDA
STA
LDA
LDX
ASL
3CC
CLC
ADC
DEX
BEW
ASL
Jup
CLC
ADC
STA
LDX
CPX
BEQ
CLC

TOP:

ADD:

sM1

J
TAKEOUT
L

%0
AO, X
REMOVE
J

I

OLDI
TOP

K

OLDK
TOP
MIDDLE
Q

BXLO
%0
BXHI
43

B XLO
STEP1

K

STORE1
A
MULT?H
I

BXLO
SH1

STORE2
BXLO
MULT2
BXHI

MULT2
INDEXLO
BXLO
BXHI
INDEXHI
BXHL
SPACELO
BXLO
BYLO
SPACEHI
BXHIL
BYHI

D

#3
MIDDLFE

SPACELO
BYLO
BZLO
SPACEHI
BY!IL
BZHI

(BXLO) , Y

TEMP
0

48
TEMP
STEP3

WY
ADD

A
MULT3

(BYLO) , Y

TEMP
D

¢3
DIM3

;put square numter in Y register

sif (I) and (K) are the same as in the
previous call to LOOKUP, go to MIDDLE,
otherwise to TGP

;one byte multiplication
routine figures (Q)* (K)

;add (I) to it
;store result in BXLO

;multiply this by (S)-1 and store the
two-byte result in BXLO and BXHI

;add the two-Lyte quantity (INDEX) to (BX)
;add the two-tyte quantity (SPACE) to (BX)
to get (BY)

if (0)£3, go tc MIDDLE

;add the two-tyte quantity (SPACE) to (BY)

to yget (B2)

;load X coordinate of square

;multiply it by (WY)

;add Y coordinate of square
;store result in TEMP
;if (D)=3, go to DIM3

Listing 3 continued on page 50
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Text continued:

case of the Commodore PET, the
BASIC driver should be loaded last.
Before it is loaded, the page number
on which the assembly routine starts
should be placed into location 135
decimal, using the POKE statement.
This insures that the arrays defined
by BASIC will not interfere with the
assembly routine or the table.

Before running, the user should
check lines 3 and 21 of the BASIC
driver routine, to determine whether
or not they are correct for the pro-
blem under consideration. When run,
the driver routine asks the user for in-
put with prompts that are fairly self-
explanatory. However, a few specific
hints may be helpful.

Although the program will work
no matter how the box is oriented, it
will run fastest if the dimensions WX,
WY, and WZ are chosen to be in de-
scending order (ie: WX>WY>
WZ), due to the mechanics of the
search procedure. Failure to do this
may lengthen the running time by a
factor of ten or more.

When entering the off-limits
squares, and also the coordinates of
any fixed squares, the coordinates are
defined for polyominoes so that the
lower left-hand corner of the box (ex-
cluding boundary) has the coordi-
nates (1,1); and for Soma Cubes the
corner with the lowest coordinate
values has coordinates (1,1,1).

In entering the initial permutation
of pieces, the order in which the
machine goes through the permuta-
tions should be kept in mind. Thus,
entering the piece numbers in ascend-
ing order: 1,2,3,. . . .,P will result in
an exhaustive search, whereas any
other initial permutation will cause
only a subset of the complete set of
permutations to be considered.

Any pieces which are to be speci-
fied as fixed should be put at the
beginning of the initial permutation.
For example, to find all of the solu-
tions with pieces 2 and 4 fixed in par-
ticular locations, the initial permuta-
tion array should have 2 and 4 at the
beginning, and the rest of the num-
bers in ascending order, (ie: 2, 4, 1, 3,
5,6,7,... P). The number of fixed
pieces should then be entered as two,
after which the computer will ask for
the coordinates of each square of
pieces 2 and 4.

The program does not check to see
if the coordinates entered by the user
for a fixed piece correspond to a legal



PET / TRS-80/ APPLE: Personal Software brings you the finest!

MICROCHESS is the industry's best selling computer game. And
no wonder—because MICROCHESS gives you more than just a
chessplaying program: A convenient, foolproof set of commands
anderrorchecks ... completeinstructionsina5'%."by8%"booklet ...
a cassette that's guaranteed to load, with disk versions coming
soon ... and several levels of difficulty to challenge you not just
once, but time after time. It's available through well over three
hundred computer stores and many mail order sources ... always

[wesTeaeere]
X B :
------

TIME TREK by Brad Templeton for 8K PETs and Joshua Lavinsky
for 4K Level | and Il TRS-80s adds a dramatic new dimensior: to the
classic Star Trek type strategy game: REAL TIME ACTION! You'll
need fast reflexes as well as sharp wits to win in this constantly
changing game. Be prepared—the Klingons will fire at you as you
move, and will move themselves at the same time, even from
quadrant to quadrant—but with practice you can change course
and speed, aim and fire in one smooth motion, as fast as you can
press the keys. Steerunder power around obstacles—evade enemy

MICRO
CHESS

The Industry’s First
Gold Cassette
Over 50,000 Sold

TIME
TREK

A Tour De Force
In Real Time Action
Strategy Games ;

—————
originating from Personal Software. What's more, every Personal
Software product is selected to give you these same benefits of
easy availability, reliable cassettes, readable documentation, a
carefully thought out user interface ... and most important,
continuing challenge and enjoyment, not just once but time after
time. If you haven't already, order your own gold cassette:
MICROCHESS, by Peter Jennings, for 8K PETs, 16K APPLEs, and
4K Level  and [l TRS-80S .. .....couuiieiiiiiaeinnn.. $19.95

THE ENTERPRISE HiS BEEN DESTROYED
THE FEDERATION MILL BE COMQUERED  YOLR SCORE IS @

COE TO PLAY AEAIIY
shots as they come towards you—Ilower your shields just long
enough to fire your phasers, betting that you can get them back up
in time! With nine levels of difficulty, this challenging game is easy
to learn, yet takes most users months of play to master. ADD
SOUND EFFECTS with a simple two-wire hookup to any audio
amplifier; the TRS-80 also produces sound effects directly through
the keyboard case, to accompany spectacular graphics
explosions! You won't want to miss this memorable version of a
favorite computer game . ....... ..o $14.95

BLOCKADE by Ken Anderson for 4K
Level | and Il TRS-80s is a real time
action game for two players, with high
speed graphics in machine language.
Each player uses four keys to control
the direction of a moving wall. Try to
force your opponent into a collision
without running into a wall yourself! A
strategy game at lower speeds,
BLOCKADE turns into a tense game of
reflexes dand coordination at faster
rates. Play on a flat or spherical course
at any of ten different speeds. You can
hear SOUND EFFECTS through a
nearby AM radio—expect some

GRAPHICS PACKAGE by Dan Fylstra
for 8K PETs includes programs for the
most common ‘practical’ graphics
applications: PLOTTER graphs both
functions and data to a resolution of 80
by 50 points, with automatic scaling
and labeling of the axes; BARPLOT
produces horizontal and vertical,
segmented and labeled bar graphs;
LETTER displays messages in large
block letters, using any alphanumeric
or special character on the PET
keyboard; and DOODLER can be used
to create arbitrary screen patterns and
save them on cassette or in a BASIC
Program. .........c.ooeuuunnnn $14.95

ELECTRIC PAINTBRUSH by Ken
Anderson for 4K Level | and I TRS-80s:
Create dazzling real time graphics
displays at speeds far beyond BASIC,
by writing ‘programs’ consisting of
simple graphics commands for a
machine language interpreter.
Commands let you draw lines, turn
corners, change white to black, repeat
previous steps, or call other programs.
The ELECTRIC PAINTBRUSH manual
shows you how to create a variety of
fascinating artistic patterns including
the one pictured. Show your friends
some special effects they've never
seenona TV screen!......... $14.95

WHERE TO GET IT: Look for the Personal Software® display rack at your local computer store. For the name and address of the dealer
nearest you, call Personal Software at (408) 745-7841. If you don't have a dealer nearby, you can call or mail us your order with your check,
money order or VISA/Master Charge card number. For a free catalog, ask your dealer or use the reader service card at the back of this

magazine.

PEISON/L SOFTWAN3IE INC.

592 WEDDELL DR. e SUNNYVALE, CA 94086

Circle 302 on inquiry card.
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Listing 3 continued:

routine depends so little on the di-

ADC L ;otherwise, add base square index mensionality of the pieces under con-
TAX itransfer result to X register sideration, the user could extend it to
;?: ZLDK istore old LONC DU TG o consider analogous problems in four
LDA I or more spatial dimensions. Hard as
STA OLDI these might be to visualize, the com-
; e ‘o ireturn to main routine putations involved are not funda-
P 11:1[)); *8 mentally different from those en-
MULT4: ASL TEMP smultiply (TEMP) by (42) countered in two and three-dimen-
BCC STEPY sional problems.
cLe ‘ Another possibility is to assign
STEDY : ggi z colors to the various pieces and look
BEQ END for interesting properties of the
ASL A resulting solutions. For example, the
) astic Pentomino puzzle which pro-
el id b d plastic Penk puzzle which p
IND? HE- ase square 1ndex . . 8 g 8 .
ADC (B2LO),Y ;add Z coordinate of square vided the inspiration for this article
TAK ;transfer result to X register had the following piece colors:
LDA K ;store old (K) and (I) values
STA OLOK
22: ([)LDI X.PY : Red
RTS ;return to main routine {}TU 5 Ele“ow
U,9, ue
. . . W,R,Z,L : Green
orientation of that piece, so care
i 5 ts:ould bebtaken to 1rt15ur§1 that altl1 of There!i5. one) andl orilf o 10/ by 6
YXPPP NTRZ2Z ?Fe mtlm f}r}s = Cor?gc Y- solution using this set which is a true
ekl THWTRRR O stop the€ program 1In MIC-TUN, ¢, coloring (ie: a solution in which
: the. 5 kgy e e press.ed atany time. ;o pieces of the same color touch
O 3 This will cause execution to stop on each otbeR), Can you il i
the next return to the BASIC printout These are only suggestions. The
XPPP WS . .
UXXXPE IRRRTWWYSS GRLE . capabilities of the program and the
UU? ZZRTH V Photo 3 is a typical output of the e
b i . bl uses to which it can be put depend
O O Soma Cube — PO. YOMINOES Probiem  ltimately on the interests and inge-
solver. The solutions are for Pento- .
. S R . . nuity of the user.
URXHPPSSSYWNTRRR minoes in a 20 by 3 box.
LILINPPPSY VLITD 2 29U
~ A Conclusion \ Golomb %IBILIOGRAV';HYP o
: : . . olomDp, olomon B olyominoes,
s RN As general is this prhogram lsbllt .by Charles Scribner’s Sons, New York 1965.
UNSEEE R IWN TS no means exhausts the possibilities 5 Gargner, Martin, The Scientific American

Photo 3: All of the solutions for Pento-
minoes in a 20 by 3 box. Solutions three
and four are mirror images of solutions
one and two, so there are only two funda-
mentally different solutions.

inherent in problems such as these.
In addition to squares, it is possible
to tile the plane with other figures
such as triangles and hexagons. It
should notbe hard to modify the pro-
gram to consider figures made out of
these shapes. At a more abstract
level, since the assembly language

Book of Puzzles and Diversions, Simon
and Schuster, New York, 1959.

3. Philpott, Wade E, Polyomino and Polyia-

mond Problems, Journal of Recreational
Mathematics, 10:1, pages 2 thru 14 and
10:2, pages 98 thru 105, Baywood Pub-
lishing Company Inc, 1977-78.

4. Introducing Soma, Parker Brothers Inc,

Salem MA, 1969.

"= PET ANALOG

Analog to Digital Conversion System for the Commodore PET Computer

INPUT

o PETMOD 3*‘// T — LT SE T
Give the FET the abilitus to senses % PRINTER / SENSORS 1- AIMI61 -~ 16 ANALOG INPUTS-8 BITS-100 MICROSEC
measures and control the world around = (3D [ STeupERATURE 1- PETMOD _ PET ADAPTER-2 IEEE PORTS -
it. with IAM SYSTEMS modules. .Just rlus D\ PMn } SPREBSIRE 1 USER PORT-1 DAM SYSTEMS PORT
the FETSET1 into the FET to set 16 PET INTERFACE MOOULE .db

1-CABLE A24 - 24 INCH INTERCONNECT CABLE

- _ MANIFOLD MODULE-SCREW TERMINALS
1- MANMOD1 FOR INPUTS, REFERENCE, GROUND

1- POWI - POWER MODULE
PETSETia for 110 VAC $295
PETSETle for 230 VAC $305

Order direct or contact your local computer store.

CONNECTICUT mlcroCOMPUTER Inc.
POCONO R
BROOKFIELD CONNECTICUT 06804
TEL: (203) 775-9659  TWX: 710-456-0052

VISA AND M/C ACCEPTED - SEND ACCOUNT NUMBER, EXPIRATION DATE AND SIGN ORDER.
ADD $3 PER ORDER FOR SHIPPING & HANDLING - FOREIGN ORDERS ADD 10% FOR AIR POSTAGE.

channels of analog inrut.. Screw
terminals are rrovided for each channel
so wou can hook ur JousticKkss rot.sy or
whatever arrrorriate sensors wou have.
Each of the 16 analog inFutss in ey
the range of 0 to S.12 volts,y is
converted to a decimal number between 0
and 255 (20 millivolts rer count.).
Conversion time is 100 microsconds.
In additions, the FETMOI rrovides i
two IEEE rorts and one user rort as
well as a DAM SYSTEMS rort..
Software is rrovided. A one line
GPIB{IEEE-488]
INTERFACE NUOUL[ IN1ERFAC[ MDOUAE

“pH
+ ACCELERATION
* HUMIDITY

* LIGHT LEVEL
* FLUID LEVEL

KM 'm""u/\/ ANALOG NPT

waMIFoLD
A .
MODULE Eve

TRS-80 MOD
TRS-80 INTERFACE

XPANDRI

MANUAL AND
DISPLAY MODULE

EXPANDER
MOOULE

Frogram is all thatl is necessarws lo
read a3 channel.

50  November 1979 © BYTE Publications Inc

Circle 76 on inquiry card.



Sometimes the true value of a product fails to relate to
its selling price. Van Gogh’s paintings once sold for less
than $1,000. Base 2's MODEL 800 printer sells for lots
less than $1,000, but it does more than printers costing
twice its price (and a lot more than a Van Gogh
painting).

Besides being beautiful to look at, the MODEL 800
prints up to six different character fonts with embedded
elongation in any of five line densities (72, 80, 96, 120
and 132 characters per line), prints up to three copies
and is equipped with a long-life cartridge ribbon. With
such versatility as four interface modes (IEEE 488, in-
dustry standard parallel, 20ma current loop and RS232),
baud rates up to 19,200, and with accommodations for
115VAC or 230VAC operation, the MODEL 800 matches
any system decor.

YRR NE N S ~

- S s A % A v 5 “ b

" As a note’of further news world refinement, the. MODEL

800 can be optionally equipped with high speed paper
advance and graphics output, a versatile tractor feed
mechanism, terminal buffer memory, tabs and form feed.

Requiring only a square foot of space, the MODEL 800
is smaller than its contemporaries; its rugged aluminum
construction is designed to stand the test of time.

Isn’t it time you added a new masterpiece to your

collection?

Recommended retail price:

Standard MODEL 800 $499
High.speed paper advance 50
Tractor mechanism 50
Terminal buffer fnemory 50

I P.O. BOX 35498 FULL., CAL. 92634 /7 (7149) 992-43449 J

%)

Circle 22 on inquiry card.
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Listing 4: Hexadecimal object code dump ~-% 1460 EA EA EA EA AT 1R £3 00 .t 1558 10 85 0A EA EA EA EA EA

for the Soma Cube — Polyominoes pro- -: 1468 10 03 40 EA EA A5 0B E3 .z 1540 18 49 01 EA EA AA ED 9C
gram given in listing 3. .1 1470 BD 7C 18 FO 17 4C 4F 14 .1 1568 18 FO 31 CA CA EA EA EA
: 1478 EA EA EA EA EA EA EA EA .t 1570 EA EA EA EA EA EA EA EA

HEX TIUNP QF 1480 EA EA EA EA EA EA EA EA i 578 EA EA EA EA EA BD 9C 18
1488 EA EA EA EA 35 0A AS IF .1 1580 FO tA BA 38 ES tD AA EB

e -: 1490 9 03 FO 20 84 £A EA EA  .: 1588 BD 9C 18 FO OF 84 18 65

* SOMA/POLYOMING SOLVER # .2 1498 EQ Eﬁ EA 1? 49 01 AA RO .3 1590 10 65 1D AA BD 9C 18 FO
FRREERREREE R KRRk : 14A0 9C 13 FO 10 EA EA 8A 18 .: 1598 03 4C AB 15 A6 02 AS 01
1448 45 10 A& CA RO 9C 13 FO .t 13A0 D' B4 19 BO 03 4C 00 14

COPYRIGHT 1979 MACDONALD & GLRSEL .1 14RO 03 ?C 27 13 A3 0A 85 OB .1 15A8 4C CD 14 A6 00 A9 00 9D
’ - .t 14B8 EA EA EA EA E4 00 AT OE .+ 15B0 4C 18 CA 86 00 KD 38 18

. AT & .1 14C0 C3 00 80 04 A5 00 85 OE .3 19K8 89 02 BD 4C 18 85 01 4C

PRINTOUT EY €. A. HCCARTHY"S .3 14C8 4C 00 14 EA EA A4 D0 A9 .2 15C0 27 15 AS OE 85 01 CS 1k
EEE SRR E S RN : 1400 00 70 4C 13 04 34 00 BE v 15€8 [0 02 C6 01 A9 7F 85 0D

* CHEEP PRINT .1 1408 38 1? 5 02 BU 4C rﬂ 85 .t 1500 AS 01 18 69 0f 85 0A A6
SR .t 14E0 01 A5 OF EA EA EA £S5 00  .: 1508 01 A4 0A k9 38 18 DD 38

.1 14E8 90 03 4C C2Z 15 A4 02 EA .+ 15E0 18 90 t1 AS OD D9 38 18

T - . 14F0 EA EA EA EA BE 450 18 86 .+ 15E8 90 0A 84 11 B9 38 18 85

1400 a6 00 FE 40 13 BD 40 18 .t 14F8 OB EA EA EA EA CA EA A9 .+ 15F0 OI' EA EA EA E6 OA AS IH
1408 85 01 &0 33 13 85 02 AQ .2 1500 00 2?10 9C 13 A0 0t 34 0A .+ 15F8 C5 OA KO DIEF A5 OD C9 7
1410 01 34 08 20 8C 15 RO 9C .2 1508 20 BC 15 A% 90 90 9C 13 .1 1600 10 10 C6 01 AS OF EA EA
1418 18 G 0T £S5 A A5 1A C9 .1 1910 E6 QA AS 1A C5 0A RO FO .1 1608 EA C5 01 IO BF A9 00 85
1420 0A BO FO 4C 37 14 EA EA .t 1518 A6 02 AS 01 D B4 19 RO .1 1610 12 60 E6 00 AS 00 85 OE
1428 A6 02 A5 21 0D B4 19 90 L1 1520 03 AC 00 14 4C CO 14 A4 .+ 1418 A6 01 BD 38 18 A4 11 99
1430 CF 4C €01 14 EA EA EA AD .1 1528 02 EA EA EA EA EA BE 40 .3 1620 38 18 AS OD 90 38 18 A5

.1 1438 01 34 0A 20 BC 146 A% 0Z .1 1530 18 86 OB EA EA EA EA EA .1 1628 00 85 0A A9 00 A6 0A 90
L1 1440 90 9C 14 E& DA A5 1A CS .1 1538 EA A9 00 9D 9C 18 EA A5 .12 1630 4C 18 E6 OA AS 1B CS 0A
t 1448 0A BO FO A4 OB En EA EA .1 1540 0A 85 10 AD 01 B84 0A 2 .2 1638 BO F1 AS 20 CS 01 DO 03
1450 EA EA EA AS 02 710 9C 18 .1 1548 BC 16 A9 00 90 9C 18 E6 .2 1440 AC 00 14 AS 01 18 69 0t

1458 A6 0 A5 OF 20 40 18 EA .1 1550 0A A5 1A C5 DA BO FO A9 .t 1648 85 0A AS 0A 18 49 01 89

.: 1650 OD' A6 0A A4 OD BD 38 18
.+ 1658 19 338 18 90 OF 85 11 H9
: 1660 38 18 900 38 18 AS 11 99

ANOTHER FIRST FROM MOUNTAIN HARDWARE. L: 1648 38 18 EA EA E4 O1 AS 1B
.t 1670 C5 OD BO DD E6 04 A5 20

.1 1678 C5 0A BO CE 4C 00 14 A6
.: 1680 02 BD 60 18 85 OF EA EA
1688 EA EA EA A9 01 85 0A 2

1690 BC 16 A9 00 900 9C 18 E6
.1 1698 0A AS 1A C35 0A BO FO A4
.+ 16A0 0B EA EA EA EA EA EA A9
16A8 00 900 9C 18 AC CDI 14 EA
16B0 EA EA EA EA EA EA EA EA
1688 EA EA EA EA A4 0A AT 01
16C0 C5 23 10 09 AS 02 CS 22
16C8 10 03 4C 21 17 AS 21 85
1600 13 A9 00 85 14 A2 08 06
. 1608 13 90 03 18 65 02 CA FO
.1 16E0 04 0A AC D? 16 65 01 83
16E8 13 A6 1A CA FO 0A 65 13
16F0 90 F9 E6 t4 18 4C EF 16

FOR YOUR APPLE
SuperTalker is a peripheral
system which permits the
output of exceptionally

high quality human speech
through a loudspeaker under
program control. Initially, words,
sentences or phrases are digi-
tized into RAM memory through
a microphone. Speech data in c A e
RAM may be then manipulated like T Al Y
any other data. The system consists L: 1708 A5 25 65 14 85 14 A5 1F
of a peripheral card, microphone, loudspeaker, 1710 C9 03 0 0D 18 A5 24 65

and operating software. $279 assembled and tested. 1718 15 85 17 A5 25 65 16 835
1720 18 I 13 85 28 A9 00 A2
1728 08 06 28 90 03 18 65 1D
1730 CA FO 04 0A AC 29 17 18

\A
"‘ Mountain Hardware, Inc. Lt 1738 71 15 85 28 A6 1F E0 03

Available through Apple dealers worldwide.

1 1740 FO Ol 18 65 OB AA AS 02

LEADERSHIP IN COMPUTER PERIPHERALS L 1748 85 22 AS 01 85 23 40 A9

300 Harvey West Blvd. .t 1750 00 A2 08 06 28 90 03 18
Santa Cruz, CA 95060 (408) 429-8600 Lt 1758 45 1E CAFO 04 0A AC 53

J
1760 17 65 Ok 71 17 AA A5 02
1768 85 22 AS 01 85 23 40 20 m

52 November 1979 © BYTE Publications Inc Circle 258 on inquiry card.



You know about computers. In fact,
you probably own one now. One that
you might be thinking of expanding. We
have a better idea. Take a giant step
into the personal computing future with
anamazing, new C4P from Ohio
Scientific.

SPEED SEPARATES THE
COMPUTERS FROM THE TOYS

The C4P MF has execution speed that
is twice as fastas Apple Il or
Commodore PET and over THREE
times as fastas TRS-80. They are
many times faster than the recently
introduced flock of video game type
computers. And, as if that weren’t fast
enough, the C4P nearly doubles its
speed when equipped with the GT
option.

* Apple 1. Commodore PET. TRS-80, and Atar: 800 are reqistered trade names of Apple
Computer Inc.. Commodore Business Machines Lid.. Radio Shack, Atari. respectively.

Step up toyour %
next computer.

SCIENTIFG |

i T—brogrammable tone generator

200 — 20KHz
1—=8 bit companding digital to analog
converter for music and voice
output.

HUMAN INPUT EXPANSION

2—38 axis joystick interfaces
2—10 key pad interfaces

HOME INTERFACE

1—AC-12 AC remote control interface

DISPLAY

32 x 64 with upper and lower case
2048 Characters.

256 x 512 effective Graphic Points
16 Colors

SOFTWARE

Ohio Scientific offers a comprehensive
library of both systems and
applications software for the C4P.

The C4P is an outstanding premium
computer — years ahead of the
market.We know because there's
nothing quite like it for the price,
anywhere. And probably won't be for a
very long time.

C4P+698

8K BASIC-in-ROM, 8K of static RAM
and audio cassette interface. Can be
directly expanded to 32K static RAM
and two mini-floppy disks.

C4P MF51695

All the features of the C4P plus real
time clock, home security system
interface, modem interface, printer
interface, 16 parallel lines and an
accessory BUS. The C4P MF starts
with 24K RAM and a single mini-floppy
and can be directly expanded to 48K
and two mini-floppies. Over 45 diskettes
now available including games,
personal, business, educational and
home control applications programs as
well as a real time operating system,
word processor and a data base
management system.

Computers come with keyboards and floppies where specified.
Other equipment shown is optional.

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



HERE'S THE OHIO SCIEN

The simple fact is nobody — nobody in
the personal computer industry — offers
more software than Ohio Scientific!
Right now, as you read this, Ohio
Scientific has just about 2 million bytes
of software available for our C4P MF
computer.

This software is also available for Ohio
Scientific C8P DF. Most is available for
the CIP MF and cassette-based Ohio
Scientific computers. Consult full line
price list for cassette software.

Software includes educational
programs, personal programs, business
programs, utility programs, game
programs and operating systems. Each
month Ohio Scientific is developing
additional programs for your use and
enjoyment.

Each diskette has 6 to 10 programs.
Highlights of each are listed below.

Educational Programs
Math, spelling and geography
tutors; Hangman, an addition
game and more.

Six "How To" lessons on
beginning BASIC techniques.
Trig tutor, presidents, continents
and solar system quizzes, math
drills and more.

Comprehensive math disk
covering trig functions,
logarithmic functions, matrices
and more.

Covers the metric system (tutor,
quiz and conversions) Roman
numerals and time telling.
Advanced sciences (2-disk set)
including nuclear and organic
chemistry, genetics, physics
equations and function graphics.
Alphabet tutor and quiz, number
tutor, memory match and recall
game (color & B/W).

Language disk, covering
vocabulary and verbs for German,
French and Spanish.

Word search game and Hangman
drawing, with large on-line data
bases, and more. $ 29

MDMS—EDUCATION SYSTEM. Easily create
your own quizzes and tutorials with
built-in grading. $ 29

EDI
$ 29
ED2

$ 29
ED3

ED4

EDS

ED6

$ 29

"ED7

$ 29
ED8

$ 29
ED9

BDI
BD2

*BD3
MDMS

Business Programs

Ratio analysis, bonds, loan interest,
bar graph and more. $ 29
BASIC word processor, mailing
list, address book, advertisement
demo and more.

Comprehensive annual histogram
plotting & editing (color and B&W). $ 29
Ohio Scientific’s mini data base
management systems. Master file
create, edit, dump, report writer
and much more.

$ 29

$ 49

MDMS—AUX. | Repack, keyfile, sort, report

$ 29

writer, record access and more.

MDMS—A/P Update anytime, print journals,

$ 29

ageanalysis, vendor list and more.

MDMS—A/R Update anytime, print journals,

ageanalysis, customer list
and more.

$ 29

MDMS—INVENTORY Updates, editing, item

$ 29

search, summary report and more.

MDMS—PAYROLL Complete employee

records including earnings and all
tax deductions.

$ 29

MDMS—MAILING LIST Enter, delete and

$ 29

print out.

MDMS—CHECKING, SAVINGS

ACCOUNTSPrecise disk-based
account records for your finances.

$ 29

MDMS—PERSONAL CALENDAR/ADDRESS-

PHONE BOOK. Daily

appointments, addresses and

phone numbers at your fingertips.  $ 29
*OS-WP2 full word processing on a
mini-{loppy. $200

GDI
GD2
GD3
GD4

Game Programs

Starwars, Hectic, Bomber,
Torpedo, Space War and Breakout. $ 29
Sketch, Racer, Destroyer, Lander,

Hide 'n Seek, Bomber, Tiger Tank.

Star Trek, Cryptograms, Blackjack,
Hangman, 23 Matches. $ 29
Frustration, Battleship, Tic-Tac-
Toe, Civil War, Mastermind.

$ 29

$ 29

GDS
GD6

Baseball, Golf, Bowling, Hockey.  $ 29
Poker, Blackjack, Spades, Hearts,

Slot Machine. $ 29
(Joystick systems only) loystick
Sketch, Tiger Tank, Roadrace,
Space Attack, Blockade.

(Joystick systems only) Zulu 9, High
Noon, Star Wars, Bomber,
Surround.

Othello, Concentration, Flip-Flop,
Illusion and more. $ 29
(2 disk set) Cartoons, Fairy Tales

and animations, including Hero,

Three Little Pigs, Humpty Dumpty

and many more. $ 29

*GD7

$ 29
*GD8

$ 29
GD9

*GDIO

Personal Programs
PDI

Annuities, rate of return,
biorhythm, calorie counter,
checking and savings.

Trend line, base conversions,

powers, integrals and more.

$ 29
PD2
$ 29

Utility Programs

65D Aux. | Resequence, BASIC
disassembler, memory test, sort and
more.
*Graphics | Fast, high resolution (64 x 128)
plotting of functions and parametric
equations, plus easy keyboard set
up and storage of graphics
displays.
(2 disk set) State-of-the- Art DAC
music generation, capable of
producing up to 4 note chords, with
disk storage option. $ 39
*Home Control Il Advanced home control
programs.

$ 29

$ 29
*DAC ]

$ 39

*Not available for C1P MF.
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Operating Systems

(These programs come with your Ohio Scientific

computer.)

OS65D V3.1 The standard Ohio Scientific
mini-floppy operating system.
9 digit floating decimal point,
Microsoft BASIC, random,
sequential files and graphics.

*Home Control I This new disk-based operating
system affords the user flexible,
real-time based AC monitoring and
control.

Standard

*Customer Demo. Self-starting demo for the first-
time user. Introduces the main categories of Ohio
Scientific personal computer software.

* Dealer Demo. More advanced demo, highlighting
many of the optional accessories.

“Not availablefor C1P MF.

to be continued,
continuously!

All of Ohio Scientific's family of
personal computers offer the fastest
BASIC-in-ROM — or on Disk in the
microcomputer industry.

When ordering, be sure to specify
series. Many additional educational,
business and personal programs and
games are available. Consult your
Ohio Scientific Dealer.

1333 S. Chillicothe Road
Aurora, Ohio 44202

(216) 562-3101

Close to 2 million bytes of software available!

Circle 300 on inquiry card.



 Prcgramiog Dickise
BASIC Game:
GOBANG

John Allwork, 21 Brook Rd, Heaton Chapel,
Stockport, ENGLAND

GOBANG is, as far as I can tell, a traditional game of
the Orient. It is a large game of tic-tac-toe (noughts and
crosses), played on a 19 by 19 inch board. The object of
the game is to get 5 adjacent markers in a row horizon-
tally, vertically or diagonally.

The program in listing 1 is written in BASIC; the only
deviation from standard BASIC being that of the
IF... THEN IF... rather than the less flexible IF...GOTO.
The BASIC I used is a version of the MicroBASIC sup-
plied by SwWTPC, and the program was run on an EXOR-
ciser system. The program and BASIC interpreter fit into
8 K bytes of memory, if the remark statements are omit-
ted. Alternatively, the size of arrays T and M can be
reduced, but reducing them too much inhibits the game.
A 9 by 9 board appears to be the smallest size possible for
a reasonable game. (Listing 2 shows a sample output of
the 19 by 19 board.)

MICROTER

OUTPERFORMS
CENTRONICS

CHECK
THE CHART

SEE PAGE 71

BYTE Publications Inc
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Listing 1: BASIC listing of the GOBANG game.

0001 REM GOBANG

0002 REM M IS ARRAY HOLDING BEST MOVE
0003 REM T IS BOARD, S IS PRIORITY OF THAT POSITION
0004 DIM M[19,19])T[27,27].5[81]

0005 REM SET UP PRIORITIES—SEE TABLE 1
0006 FOR =170 81

0010 LET S[1]=0

0015  NEXT |

0019  LET S[20]= 1

0020 LET S[10] = 40

0021 LET S[12]=30

0022  LET S[13]=47

0023 LET S[27]=15

0024 LET S[28] =20

0025 LET S[29]= 10

0026 LET S[30]= 40

0027  LET S[31]=50

0028 LET S[32]=30

0029 LET S[24]=1

0030 LET S[36]=39

0031 LET S[37]=65

0032 LET S[38]= 40

0033 LET S[39]=70

0034 LET S[40] = 100

0035 LET S[41]=60

0036 LET S[42]= 30

0037 LET S[43]= 30

0038 LET S[44] =30

0040 LET S[62] =41

0041  LET S[72] =31

0042 LET S[73]= 11

0043  LET S[74] = 41

0044 LET S[78]=51

0045 LET S[80] =90

0046  LET S[26] = 21

0047  LET S[79] = 40

0048 LET S[60] = 21

0049  LET S[61]=11

0050 REM CLEAR BOARD AND BEST MOVE ARRAYS
0051 FOR I=1TO 27

0055 FORJ=1TO 27

0060 IF 1<19 THEN IF J<19 THEN LET M[I, J]=0
0065 REM MAKE FIRST MOVE
0070 NEXT J

0075  NEXT |

0076  LET C=—1

0085 LET W=14

0086 LET N=14

0087 LET O=14

0090 LET X=14

0091  GOTO 0300

0095 GOSUB 0800

0096 REM REQUEST MOVE AND CHECK FOR VALIDITY
0097 INPUT Z,Y

0099 LET Y=Y +4

0100 LET Z=7+4

0101  IF Y>23 THEN GOTO 0097

0102 IF Z>23 THEN GOTO 0097

0103 IF Y<5 THEN GOTO 0097

0104 IF Z<5 THEN GOTO 0097

0106  IF T[Y,Z]>0 THEN GOTO 0097

0110  LET TiY.Z]=2

0115 LET =V

0120  LET J=z ,

0125 REM STUDY LAST TWO MOVES

0127 GOSUB 1000

0128 IF C< > — 1 THEN GOTO 0310

0129 REM IF C=0 COMPUTER HAS LOST
0130 LET =W

0131 LET J=X

0141  GOSUB 1000

0145 REM SCAN BOARD FOR BEST MOVE
0150 REM NOTE LIMITS TO SPEED UP PROGRAM
0160 LET Q= -1

0161 FOR I=N—1TO O+ 1

0162 FORJ = 570 23

0200 IF T[1,J]>0 THEN GOTO 0220
0201 LET A=M[I—4, J—4]

0205 IF A<Q THEN GOTO 0220
0210 LET W=

0215 LET X =J

0216 LETQ=A

0220 NEXT J

0225 NEXT |

Listing 1 continued on page 58



Copyright © Robert Tinney 1978

Beautiful ‘‘Computer Chess’’ Reproduction—only $4.95!

This dramatic reproduction of the October '78 Byte cover art has been
produced with the same care and quality as limited edition prints—yet it is
available for the price of a poster.

The overall size is 18” x 22”, which includes a 1%” border. It is printed on
heavy, 80 Ib., matte finish, coated stock, excellent for the finest framing if
desired.

The price of this quality reproduction is $4.95, plus $1.00 for mailing tube,
handling, and postage. In addition, the artist, Robert Tinney, will select the
100 finest prints from this first edition for his personal signature and
number. These 100 signed and numbered prints will be sold
on a strictly first-come basis for $24.00 plus $1.00
postage and handling.

//
\

See coupon below for ordering.

Circle 380 on inquiry card. =




Listing 1 continued:

0299
0300
0301
0307
0310
0330
0799
0800
0805
0810
0811
0815
0820
0825
0830
0835
0840
0845
0850
0990
0991
0992
0993

1000
1001
1002
1003
1004
1005
1006
1007
1008
1010
1011
1013
1020
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1044
1046
1048
1050
1052
1053
1054
1056
1058
1059
1060
1061
1062

1063

1064
1065
1066
1067

1068

1069
1070
1075
1081
1082
1085
1089
1090
1095

58

PRINT “MY MOVE" ;X —4;",";W — 4

LET TIW,X] =1

IF M[W — 4,X — 4] < 100 THEN GOTO 0095

PRINT I WIN'"

IF C=0 THEN PRINT "“YOU WIN"

GOTO 0050

REM SUBROUTINE TO DISPLAY BOARD

PRINT" 123456 78910111213141516171819"
FOR I=5 TO 23

IFI—4<1OTHENPRWTI— ””H
IF I—4>9 THEN PRINT | — 4
FORJ=5TO 23

F [1,J]=0 THEN PWNT"fT

IF T[1,J]= 1 THEN PRINT “ X"
F T[I.J]=2 THEN PRINT “ 0"
NEXT J
PRINT
NEXT |
RETURN

REM SUBROUTINE TO CALCULATE BEST MOVE

REM SCAN THRU MOVE AT I,J

REM FOR FIVE SQUARES EITHER SIDE OF MOVE

REM IN EIGHT DIRECTIONS,

AND UPDATE BEST MOVE ARRAY

LET K=1

LET L= —1

IF I<N THEN IF 1>5 THEN LET N=|

IF I>0 THEN IF 1<23 THEN LET O=1

REM UPDATE SCAN LIMITS

LET U=1

LET V=J

REM 1,J IS MOVE TO CHECK,D IS LOOP COUNT

REM K,L ARE X AND Y DIRECTIONS THRU MOVE
LETD=0

LETD=D +1

LET P =81

REM CHECK STILL ON BOARD

IF U>23 THEN GOTO 1090

IF V>23 THEN GOTO 1090

IF U<5 THEN GOTO 1090

IF V<5 THEN GOTO 1090

LETE=U-4

LETG=V -4

LET A=M[E,G]

LETQ=TU+K,V+ L]

REM CALCULATE PRIORITY OF POSITION
LETR=TU=K,V = L]*27 + T[U ~ 2*K, V= 2*L]*9

LET R=R+T[U'= 3*K,V = 3*L]*3 + T[U — 4*K,V — 4*L]
LET B=Q*27 + T[U + 2*K,V + 2*L]*9 + T[U + 3*K,V + 3*L]*3
IF R=80 THEN IF T[U,V]=2 THEN LET C=0

IF T[U,V]< >0 THEN GOTO 1075

REM S(R) IS PRIORITY; THE FOLLOWING ARE EXCEPTIONS
REM SEE TABLE 2

IFR<14 THEN IF R>11 THEN IF Q=1 THEN LET P=37
IF R>71 THEN IF B>53 THEN IF B<63 THEN LET P=80
IF R>71 THEN IF B>71 THEN LET P=80

IF R>53 THEN IF R<63 THEN IF Q=2 THEN LET P=72
IF P =72 THEN IF R=60 THEN LET P = 31

IF Q< >2 THEN GOTO 1058

IF R=78 THEN LET P=80

IF R=79 THEN LET P=80

IF R=41 THEN LET R =81

IF R<42 THEN IF R>35 THEN IF Q=1 THEN LET P = 41
IF R<33 THEN IF R>29 THEN IF Q=1 THEN LET P=41
IF R>53 THEN IF R<63 THEN IF B>71 THEN LET P=80
IF R>38 THEN IF R<42 THEN IF Q=1 THEN LET R =40
IF R>35 THEN IF R<45 THEN IF B> 35 THEN

IF B<45 THEN LET R=40

IF R>27 THEN IF R<54 THEN IF B>38 THEN

IF B<42 THEN LET R=40

IF R=79 THEN IF A=51 THEN LET M[E,G] =41

IFR=0 THEN LET R=81

IF S[P]>S[R] THEN LET R=P

IF S[R]— R]/1O 10=1 THEN IF A—A/10*10=1 THEN
IF S[R]< 41 THEN LET R=74

IF S[R]— S[R}/10*10=9 THEN IF A—A/10*10=9 THEN
IF S[R]<65 THEN LET R =237

REM UPDATE BEST MOVE ARRAY

IF S[R]>M[E,G] THEN LET M[E,G] = S[R]

IF D>4 THEN GOTO 1090

LETU=U+K

LETV=V+L

GOTO 1011

REM CHANGE DIRECTION

IF K=0THEN IF L= — 1 THEN RETURN
IFK=—1THEN IF L= — 1 THEN LET K=0

November 1979 © BYTE Publications Inc

1100 IFK=—-1THENIF L=0THEN LET L= —~

1105 IFK=—-1THENIFL=1 THEN LET L =O

1110 IFK=0THEN IF L=1 THEN LET K= —1

1115 IFK=1 THENIF L=1THEN LET K=0
O THEN LET L=1

1120 IFK=1THENIF L
1125 IFK=1THEN IF L
1130  GOTO 1005

— —1THEN LETL=0

SAVE MORE THAN 20%

NORTH STAR — INTERTUBE
THINKER TOYS — HUH

THE SMARTEST COMPUTERS AT THE SMARTEST PRICE
DOUBLE DENSITY

HORIZON-1-16K KIT LIST $1599  $1274

ASSEMBLED & TESTED $1899  $1519
HORIZON-2-32K KIT §2249 81799

ASSEMBLED & TESTED §2549  $2039
HORIZON-2-32K QUAD DENSITY

ASSEMBLED & TESTED §2999  $2399
PASCAL FOR NORTH STAR ON DISK $49
POWERFUL NORTH STAR BASIC FREE
THINKER TOYS DISCUS/20 $1148 $949
MEASUREMENT SYSTEMS ASM MEMORY 64K $640

TOP QUALITY + TOP SPEED + LOWEST PRICE

INTERTUBE Il SMART TERMINAL $995 $780
TRS-B0 70 S-100 HUH KIT $295 $260

ASSEMBLED & TESTED $375 $350
HUH MINI 8100 KIT $115 $103
ASSEMBLED & TESTED $155 $139
MARYELLEN WORD PROCESSOR $38

BEST FEATURES OF IBM & NORTH STAR

VERBATIM DISKS $29
WHICH COMPUTERS ARE BEST? BROCHURE v FREE

AMERICAN SQUARE COMPUTERS
KIVETT DR * JAMESTOWN NC 27282
{919)-883-1105

Circle 13 on inquiry card.

on computers, peripherals, software and other Radio Shack® products.

O_ffered Exclusively By
Pan American , Radie fhaek
E|Bctr0nICS, Inc_ Authorized Sales Center
1117 CONWAY  MISSION, TEXAS 78572

East 212/283-0543 North Central 312/666-6098
West 213/564-%463  South Central 512/581-2765

{main telephone number)
s O TAXES on out-of-state shipments. -
VISA® | FREE delivery available on minimum orders. @
i onored by Radio Shack®.
|77 | WARRANTIES honored by Radio Shack® '

Circle 303 on inquiry card.




Listing 2: Sample output of the 19 by 19 board. ';’]9.-61 0
2

MY MOVE 11, 10

1 23 45 6 7 8 310111213141516171319 1 2 3 456 7 8 910111213141516171%19
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MY MOVE 10. Yaur win
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§ % 8 ¥ 8 T oz oo oromoEorotofotow ot may still exist (as with all programs); for example, I do
I LA T : A not check to see if the board is full, because I have never

T encountered this situation with a 19 by 19 board.
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Table 2: Some exceptions encountered by LINE PATTERAN PRIORITY
the computer that necessitate redefining NUMBER
its strategy. Tha> X4 —X X 65
1naq -Utoo 9n
1P46 00400 9vn
148 00— 31
1050 0¢0-0- Y
1053 0000~ 9n
1154 0¢000x 9n
1196 0 XX X0 N
1450 XXX - 68
1158 X 4 XXX 60
1059 X X=X 60
1068 one0- 9n
1061 X 4 XXX 190
1062 XX 4 XX 190
1067 XXX X 190
164 AEDUCES PRTIORITY OF —-NN0- 10 41 IF HLOCKFD AT 0ON
1367 INCREASES PRTORITY OF INTEASECTING ROWS OF 0°S
160 INCAREASES PRIOAITY OF INTERGICTING ROWS OF x°6

Table 1: A lookup table that defines the computer’'s strategy.

[ S () 27 A Xe-- 15 54 $0--- 4
1 t—==X 7 8 t X ==X Pl 5% LIRS § [
2 t—---0 A 29 tX==0) 19 56 10--0 ]
3 e X- n EL D & & an 57 t0-x- )
q $——XX 4] 31 $ X=XX S¥ 58 t0-XX [
S  t--x0 4 32 ¢x=-x0 30 59  +0-X0 [
6 t-—-0- 4 33 tX-0- n AW t0-0- 24
2 t—--0Xx %] 34 tx-0X ] 61 t0-0X 11
a t—--00 4 35 +x-00 %] 62 +t0-00 a1
9  t-X-- [4 36 P XX~-= 39 63 0v-- (4
1M t=X-=X ae 37 txx-Xx 65 64 10X-=X @
11 t-x-0 7] 38 txx-0 aw 65 10x-0 (4]
12 P=XX- 30 39 IXXX- 79 66 t0XX— )
13 $-xXXX a7 a9 X XXX 100 67 P OX XX ]
14 +-xx0 4 a1 X XX0 [ 68 +0xx0 7
15 t-x0- @ 42 tXX0- 3¢ 69 tOX0-~ @
16 t-x0Xx [} A3 1 xx0x 39 78 t0x0Xx a
17 t-x00 %] a4 tXx00 30 71 +0x00 4
18 t-0-- %] 45 tX0-~ %] 22 100-- 39
19 t-0-Xx [ a6 tXx0-X [ 73  +00-Xx 49
2n +-0-0 1 a? +x0-0 4] 724 +00-0 a1
21 t-0X- ] a8 ¥+ x0Ox- 4 75 100X - [}
22 t-0XxX ] a9 + X0 XX ] 76 1 00XX ]
23  -0x0 4 S8 +x0x0 n 27  100x0 ]
2a *-00- 1 51 tX00- %] 78 +000- 51
29 t-00x% (] 52 + X00X %] 79 t000X 4
26 +-000 21 58 + x000 [ an LEOIRIbIO! 99

The program relies on a lookup table (entry S, table 1)
and some exception conditions (table 2) to determine the
priority of move of the square in question. The last 2
moves (by nought and cross) are scrutinized, scanning
through these squares for 4 squares either side of the
move in all 8 directions. The priority is calculated and
updated if greater than previously calculated. Finally the
board is scanned for the highest priority and the move

made in this square.

The computer always goes first, and is X, although this
can easily be modified. On the EXORciser, it takes about
40 seconds to think of the best move, compared with 10
seconds on a NOVA 2 using the same program and a
BASIC interpreter, so do not worry if there is not an im-

mediate response.

The program plays a very good game, occasionally
almost beating the author, and has beaten several people
who have played. Changing the strategies radically alters
the way the computer plays, and the strategies in table 1
and exceptions in table 2 are the best | have found so far,
but try changing S(12) to 29, and S(13) to 49. [ would be
interested to hear from anybody who finds better

strategies.®

MPI DISK DRIVE With
Power Supply And
Cabinet. Features
Include Automatic
Diskette Positioning
And Ejection, 18%
More Storage Capacity.
Included W.ith Each
Unit Is A 4 Drive Cable,
Enhanced Disk Opera-
ting System, And 1
Year Unconditional
Warranty. Available
For Immediate Deliv-
ery. Satisfaction
Gauranteed.

$499
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MICROPOLIS e« PERTEC ¢ SHUGART ¢ MPI

DISK DRIVES AT AN AFFORDABLE PRICE

FOR THE TRS-80
MPIePERTEC DISK DRIVE WITH POWER SUPPLY

AND CABINET $386
SHUGART DISK DRIVE WITH POWER SUPPLY
AND CABINET $389
MICROPOLIS 77 TRACK DRIVE WITH
MODIFIED NEWDOS+ $689
NEWDOS+ENHANCED DISK OPERATING SYSTEM $99
2 DRIVE CABLE $25 4 DRIVE CABLE $35
16K ADD ON MEMORY SET (NEC 200ns) $95
FOR ANY MICROCOMPUTER
SA-400 5%" DISK DRIVE (DOUBLE DENSITY) $316
SA-801R 8" STANDARD FLOPPY DISK DRIVE $496
TARBELL DISK CONTROLLER FOR 8" DISK
DRIVES (ASSEMBLED) $265
CP/M DOS WITH BASIC-E AND MANUALS $100
ANADEX DP-8000 80 COLUMN PRINTER $9965
FOR FAST DELIVERY AFFORDABLE"
OR MORE INFORMATION, CALL MICROCOMPUTER
(714) 641-0273 SYSTEMS

2098-D SOUTH GRAND @ SANTA ANA, CALIFORNIA 92705
‘Formerly ADVANCED MICKOCOMPUTER SYSTEMS

Circle 10 on inquiry card.
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. pﬁogpammi“go"'ck.es . Listing 1: Shape table program for the Apple II.

10 INPUT “STARTING DECIMAL LOCATION L

20 N=N+1: PRINT "PLOT "

30 Z= PEEK(-16384) : IF Z< 176 OR Z> 183 THEN 30 :
POKE -16368,0 : Z=2-176 : PRINT Z:
IF N#1 THEN RETURN

[
I 40 E=1:IFZ=0THEN D=1:A=2:GOSUB 20
Shape able ConverSlon 50 IF Z#0 THEN 60 : IF D=1 THEN 90 : E=0: GOTO 70
f h ﬁ 1 II 60 D=0: lFZZ:221ORAZ=A4 OEF;!Z:G THEN 70 :
=41 . = +
Or t e pp e 70 B=2/2 : GOSUB 20 : IF Z#1 AND Z#2 AND Z#3

THEN 80 : B=Z2*4+B:E=1:GOSUB 20

80 B=B*16+A: POKELB:L=L+1:IF E#O THEN 40 :

D Partyka, 1707 N Nantuckett Dr, Lorain OH 44053 A=0:D=1:E=1:GOTO 50
avearya i 90 PRINT “END OF TABLE" : POKE L.0 : END

If you own an Apple II with high-
resolution graphics, I'm sure you
have tried using the shape table. If

you are like me, you converted the SMOKE SIGNAL BROADCAST.NG

points to their hexadecimal values,
ran the shape subroutine, and got a PRESENTS YY)
completely different shape from what
you wanted. After two or three tries

d a lot of time, finall h
chape the way you wanted ft. THE SMOKE WRITER (VDB-1)
There has to be a better way, and

there is. The program in listing 1 per-

£o7ms the plot CORVErsion to, hexa The SSB SMOKE W RITER incorporates the latest advances in electronic

N . technology to bring you and the SS-50 bus a truly unique video display board.
decimal and puts the Yalues n the The SMOKE W RITER uses the MC6845 CRT Controller chip and provides
table starting at the decimal location total control over the display format.

you specify. After using this pro-
gram, you will find it very easy to
build shape tables. Instead of drawing $
arrows, you can use just the points. e AL e & 34

This program follows the rules of e T 1 9 0 1
the Apple Il Reference Guide: a dou- 3 : o 0 <
ble move up or 00 will end the pro-

gram and put a O at the end of the 80 x 24 display with 32 graphic ] R.educed intensity or reversed
table. The value of the moves are the characters. Option.al c'h‘aracl‘er video
p . generator ROM with 128 ASCII -
same as in the Reference Guide: characters plus 128 graphic Programmable display rate (10 to
characlens: 5000 character per second) equiva-
0 = Move u lent to 100 to 50K baud.
,p Upper and lower case characters p ! fiold
1 = Move I'Ight with lower case descenders. rotected fields.
2 = Move down Addressable Cursor.
3 = Move left Programmable character set. a
total of 128 ch ters in a 2K i - RAM i
O iy, EROV: o 356 characier 6 1 he 0 e ot
5 = Plot and move right EPROM is optional. e
6 = Plot and move down 3
7 = Plot and move left 1K EPROM for Software drivers. 128 Bytes of Scratch pad RAM.

The program does not require that

the user press the return key while If you have aneed fora fast and dependable video display board. Smoke Signal
entering the plOt values. You can try Broadcasting has what you are looking for. The SMOKE W RITER is right at

R A . home when used with acursor based editor or in a business program that needs
this program using the example given protected fields.

in the Apple Il Reference Guide on
page 53. Assign the correct values to
the shape vectors at the top of the

page and the hexadecimal values

given will be in your table. SM@KE SIGfNM /
Remember that this program requires i
a decimal location Whlle the Shape 31336 Via Colinas, Westlake Vxllage, CA 91361, (213) 889-9340

subroutine requires the hexadecimal
value. m
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Now, you can instantly turn your microcomputer into an incomparable word processor.

Hundreds of delighted users have thrown away their pencils and are using the first truly
professional and complete word processor ever available on a microcomputer, WORD-STAR.
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Programming Strategies in the
Game of Reversi

Figure 1: Typical position in the game of Reversi. The game is played with
counters having two different colors, one on each side. A player’s turn con-
sists of placing a counter (with the player’s color face up) on the board so
that it traps one or more enemy pieces between it and another friendly piece
in a straight line. The trapped enemy pieces are then reversed in color. Thus, a
play by Black to square (6,5), with the horizontal coordinate given first,
would allow Black to turn over White’s pieces at (6,4), (5,4) and (5,5). A play
by Black to square (7,4) would allow Black to turn over White’s pieces at
(6,4) and (54). Play ends when neither player can make a legal move. The
player with the greater number of counters showing wins the game.
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Board games such as checkers or chess
can be fun and challenging to play, and pro-
grams that play these games can be fun and
challenging to write. This article covers
some of the decisions | made and methods |
used in the programming of a board game
called Reversi. It examines in turn the choice
of a game, the programming language, the
data structure and the details of the program
structure.

Choosing a Game

There are both legal and practical con-
siderations in choosing a game to program.
Since | earn a living teaching law, and pro-
gram as a hobby, | will start with the legal
aspects. Many games present no legal prob-
lems. For instance, chess and checkers are
in the public domain and anyone is free to
write programs for them, but copyrighted
games could pose serious legal problems.
While writing a program to play a copy-
righted game solely for your own amuse-
ment at home would probably fall within
the fair use exception to the copyright
law, any attempt to distribute, publish
or sell the program could be made only with
the permission or tolerance of the copyright
and trademark owner. There is a third
category of game wherein the game itself
is in the public domain, but playing equip-
ment is sold under a trademark. Thus, while
no one has any rights to three-dimensional
tic-tac-toe, the manufacturer who sells sets
for playing three-dimensional tic-tac-toe
under a trademark has the right to prevent
you from distributing a computer game with
the same name. So, you are free to program
and even sell three-dimensional tic-tac-toe,
but you will have to make up your own
name for it.

There are also practical problems in



choosing a game. The game you select
should not only be free of serious legal
complications, it should also be complex
enough to be challenging, yet simple enough
to be implemented with the hardware and
software at your disposal (taking account of
your own. programming ability and free
time). If you are clever enough, you can
choose an extremely complex game like
chess or Go. If you are a novice programmer
with only a small programmable calculator,
you might want to begin with something
simple like tic-tac-toe.

Since my own equipment (A SOL-20
computer with 16 K of programmable
memory, video monitor, Teletype, two
cassette drives, BASIC and assembler lan-
guages) and my own programming ability
both fall somewhere between the two
extremes, | sought a moderately difficult
game to program.

The game | selected is called ‘‘Reversi.”
According to the Oxford English Dictionary,
Reversi was first mentioned in print in the
1880s and its rules were first published in
the 1890s; thus the game has long been in
the public domain. It is now enjoying a
revival because of the marketing of a board
and set of playing pieces for the game by
Gabriel Industries under that firm's trade-
mark, ‘“‘Othello,” and the publication of
a well written book on the game. (See
“Othello, a New Ancient Game,” Octo-
ber 1977 BYTE, page 60, and the bibli-
ography at the end of this article.)

The rules of the game are simple, but
play can be quite complicated. The game is
played on an 8 by 8 square board like a
standard chess or checkerboard. The players
start with a supply of 64 playing pieces,
each shaped like a checker piece, but black
on one side and white or red on the other.
Players take alternate turns. If a player has
no legal play, he or she loses his turn. When
neither player has a legal play, the game
ends.

A play consists of placing a piece on an
unoccupied square on the board with the
player’s color up. Each of the first two
plays by each player must be made to one
of the four center squares. Thereafter, each
player may place a piece on any unoccupied
square that will result in the formation of
an unbroken line (horizontal, vertical, or
diagonal) of pieces, with one of his own
pieces on each end and one or more of
his opponent’s pieces in the middle. The
opponent’s pieces in the middle are then
turned over (see figure 1). At the end of the
game, the player with the most pieces show-
ing his color wins.

Strategy for the game can be complex —
only the most basic ideas are covered in the

200 page book by Hasegawa mentioned in
the bibliography. However, the various
writers on the game do agree on some basic
points: Corner squares are very valuable be-
cause they can never be taken; squares next
to corners are dangerous because they can
make it possible for one’s opponent to
take corners. Edge squares are usually
valuable because they can be used to force
turnovers of large numbers of opponent’s
pieces in middle squares. Control of strategic
squares in the middle of the game is more
important than having a substantial mate-
rial advantage at that time.

Programming Language

After | chose the game, the next step was
to choose a programming language for the
game. | really had only two choices because
of the limitations of my own software
library — BASIC or assembler. | chose
BASIC because | can program much more
easily in BASIC and because BASIC pro-
grams are more generally transferable to
other computers than are assembler language
programs, which will work with only one
type of processor. With transferability in
mind | made considerable efforts to avoid
the use of the fancy special features available
in the BASIC interpreters | have, since their
use would make transfer a nightmare. Now
that | have finished the programming, | am
still happy with my choice, though | am now
tempted to convert a few of the critical
subroutines (which | will discuss later)
into assembler language. This conversion
would make the program run faster or to
allow it to make a deeper analysis of its
plays while running at the same speed.

Data Structure

Before starting programming | had to
choose a suitable data structure. Following
methods used in one of the leading com-
puter chess programs (see the article by
Gillogly in the bibliography), 1 decided
to represent the standard 8 by 8 chess-
board as being surrounded by a border of
out-of-bounds squares, thus making a
10 by 10 board. For computer purposes,
this augmented board could most naturally
be represented as a 10 by 10 array dimen-
sioned by the BASIC statement DIM
B(10,10). However, because many BASIC
interpreters for microcomputers allow only
one-dimensional arrays, and because use of
a one-dimensional array simplified my
program in various ways, | decided instead
to represent the board by a single array of
100 elements: DIM B(100). (See figures 2
and 3.) Another array, DIM E(100), was

Text continued on page 70
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® 8080A CPU has more software
written for it than any other CPU

e 7 plug-in board positions for flexi-
bility in configuring your system

e Up to 65K memory capacity

e Front panel keyboard for direct ac-
cess to registers and memory

$289 kit purchased separately. Was
$379. You save $90.

$349.00 assembled

e Instant access to programs and data
® 102K bytes storage area
® 250 mS typical random access time

BYTE November 1979

includes H8 Computer with 16K memory,
four-port serial I/O and operating software, plus H17 Floppy
Disk System (shown here with optional second drive) and
H19 CRT Terminal — all in kit form.

e |ncludes interface controller board

$495.00 kit purchased separately
$550.00 assembled

® 780 microprocessor-controlled
® 25 x 80, upper and lower case
e Direct cursor addressing

e 8 user-programmable keys

$675.00 kit purchased separately
$995 assembled

Special 5% discount applies to all
software, memory and interface

boards when purchased with the H8
system.

Seven plug-in board positions on the
H8 let you configure any combina-
tion of memory and 1/O’s that suits
you. Heathkit memory boards come
in 16K, 8K and 4K increments. Inter-
face boards are available for parallel,
serial and cassette |/ O’s.

Software for the H8 Computer in-
cludes operating systems software,
MICROSOFT™ BASIC, FORTRAN,
wordprocessing, plus innovative ap-
plications software for business and
pleasure.

An extensive library of programs is
available to owners of Heathkit Com-
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puters through the Heath User’s the special self-instruction programs
Group (HUG). The experience of this that teach you BASIC and Assembly
computerite group can help you get languages programming. wiite for a FREE weathkit catalog

containing the complete line of Heath-
the most from your computer. kit Computers, pius nearly 400 other

electronic kits for your home, work or

pleasure.
Heath Company, Dept. 334-580,
You get the most thorough documen- Benton Harbor, Mich. 49022
tation ever written when
P e 3 8 $ Y'O'U buy Alexandria, VA New Orleans, LA
your Heathkit Computer. So it’s easy Anahtims A Norfolk, VA
to get your system assembled and Mllanta, GA 8lcdea':-,Nlc_‘ i
q R Baltimore, MD ahoma City,
operating quickly. B etan UK Omaha, NB
And you get one of the most reliable :‘::ffalo' NII :::::fx'l’x'; PA
service organizations after you buy.  Cincinnati, on Pittsburgh, PA
More than 55 service locations Clelvel;nd. OH 'l:omt_w;a, CAm
roviaence,
throughout the U.S., plus a factory i i ok
service phone give you fast access to Denver, CO Roc:es|nler, NY
Detroit, Ml Rockville, MD
Sxpens when O need them. El Cerrito, CA Sacramento, CA
Fair Lawn, N) Salt Lake City, UT
Frazer, PA San Antonio, TX
Hartford, CT San Diego, CA
Houston, TX San Jose, CA
Indianapolis, IN g'eattle,. WI::O
i ericho, NY . Louis,
Computers, per |phe'rals, software and ’Kmm City, Ks St. Paul, MN
accessories — in kit or assembled Los Angeles, CA ?TT' F(;H
e "W fi ; Louisville, KY oledo,
form — you Il find .them all at your Mol'a":“:' K White Plains, NY 1 Rt B
Heathkit Electronic Center. You'll Milwaukee, Wi Woodland Hills, CA : )
even find educational su pport like Minneapolis, MN *Units of Schlumberger Products Corporation. Prices stated here

are mail order and may be slightly higher at retail‘locations, CP-169
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Figure 3: Initial board
position. These values are
stored in the one-dimen-
sional 100 element matrix
B (see listing 1). They
enable the program to
tell where the four center
squares and out-of-bounds
squares are located. (The
first four moves of the
game must be made to the
four center squares.)

Figure 2: Integer numbers used to identify Reversi squares. These numbers
correspond to the elements of one-dimensional 100 element BASIC arrays
used by the author in his program to store a given Reversi board pattern.

9l 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100

8! ||B2 | B3 [ B4 | 85 | 86 | 87 | 88 | B9 90

71 (|72 |73 (74 | 75 | 76 | 77 | 78 | 79 || 8O

51 ||52 | 53 | 54 | 55 | 56 | 57 | 58 | 59| 60

a1 [|la2 | 43 [ a4 |45 | a6 | a7 [ a8 | 49| 50

3 (|32 | 33 [ 34 | 35 | 36 | 37 | 38 | 39| 40

21 22 | 23 [ 24 | 25| 26 | 27 | 28 | 29| 30

0 [|-30]|-40]| 2 2 2 2 |-40| 64 (o]

Figure 4. Initial strategic values of the board squares stored in the E matrix
(see listing 1), used by the program to evaluate it using a minimax strategy.
The higher the value, the more desirable the square.
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Text continued:

declared for storage of the strategic value of
each square (see figure 4). Two more 100
element arrays were declared for use in
saving different versions of the board while
the computer was considering possible plays.

This rather lavish use of storage was made
possible by the fact that | was using a 5 K
BASIC package in a 16 K memory. If mem-
ory were at a premium, it would have been
necessary to use a much more complex
board representation which could pack each
square into a few bits (see the article by
Yost in the bibliography) and perhaps
necessary to develop a method for storing
changes in board positions without storing
whole boards. However, if you have the
storage you might as well use it.

Several simple techniques could be used
to adapt my program for users with less
memory space. If a BASIC with strings is
available, board squares can be stored in

o] 10 2 5 | | ) 2 |-30ff O
[} ) 2 | t ! | 2 5 0o
0o 5 2 1 | ! | 2 5 o]
0o 10 2 5 | | B 2 10 ¢}

0 ||-30]|-40] 2 2 2 2 [-40]-30f| O

1 byte string variables rather than in multi-
byte numerical variables. Alternatively,
several board squares could be stored in
one numerical variable, using the 1’s position
for the first square, the 10’s position for the
second square, etc. If the BASIC package
has POKE and PEEK instructions, still
another possibility is to store each square as
1 byte in memory with a POKE instruction
and retrieve each square as needed with an
appropriate PEEK instruction.

Program Structure

Having chosen the data structure, | next
had to choose a program structure. Just as
| chose a simple data structure so that it
would be easily adaptable to many types of
games, | selected what | hoped would be a
very adaptable program structure. In de-
signing the program structure, | drew upon
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lower case)
‘e Adjustable forms width

e Parallel, serial (RS-232), and
IEEE-488 interfaces available

We’ve researched the under-$1,000 80-
column dot matrix printers currently
available, and have made some key
comparisons in the chart to the right.
Check it out.

All the printers support the full 96-
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the rich body of published descriptions of
chess playing programs on the theory that
a program structure capable of supporting
a chess game should be adequate for most
simpler board games. (See the computer
chess material listed in the bibliography.)

The program structure consists of the
following parts which will be analyzed in
turn: the main game control routine and
subroutines for initialization; board display;
move input; legal move checking; legal
move generating; computer move selection;
and board evaluation. The following discus-
sion will consider each of these, since each
typifies a routine needed for almost any
board program.

First I’Il discuss the main game control
procedure. This procedure must first call
the subroutine that gives initial values to
the board squares and to the board evalu-
ation array. Then it rnust display the board
on the video screen or puint it on the Tele-
type and ask Black to make the first move.
It must call the appropriate subroutine to
check each move made for legality, and
must terminate the game and declare the
score if there are no legal moves. If the
user wants the computer to make a play,
it must call the subroutine that selects a
move for the computer.

The board initialization routine is the
simplest: Since the board is empty at the
start of the game, it is filled with zeroes, ex-
cept for the four center squares that must be
covered in the first four moves. The out-of-
bounds squares are filled with threes (see
figure 3). If this were a game such as
checkers, which starts with pieces on the
board, they would have to be indicated by
assigning appropriate initial values for the
occupied squares. The strategic value of
each square (high for corner squares, low
for center squares, negative for next to
corner squares, etc) is also entered by the
initialization subroutine into the evaluation
array (see figure 4).

Next comes the board display routine.
Here a simple Teletype oriented printout of
the 8 by 8 board was chosen. It would
have been more elegant and little more
trouble to use POKE commands to directly
alter squares on a board displayed on the
video monitor, and to represent the pieces
with good-looking symbols from my char-
acter generator, but | decided to forego
these luxury features in the interests of
program portability. | also made an effort
to limit each display frame to 15 lines so
it would not disappear off the top of a
16 line video display monitor.

Before a player is asked to move, the
computer must see if that player has any
legal moves. This is done by a subroutine

that checks for the existence of a legal
move. It first searches for an empty square;
if it finds one, it checks to see if there is
an adjacent square occupied by an oppo-
nent. The flattening of the two-dimensional
board into one dimension causes adjacent
squares to be in positions that are +1, +11,
+10, 49, —1, —11, =10, or —9 squares
away from the square in question (see
figure 2). These adjacent squares are checked
in turn. If a square is found that is occupied
by an opponent, the search continues in
the same direction as long as more oppo-
nent's pieces are found. When the first
square that does not have an opponent’s
piece is found, it is examined. [f it con-
tains one of the player's pieces, the move
is legal; if it is empty or out-of-bounds, the
move is illegal. This search process is con-
tinued until a legal move is found, or it is
established that there is no legal move.
Modifications of this search routine will
work for games anywhere in the range
between tic-tac-toe and chess, inclusively.

The next routine used is the input rou-
tine. | decided to ask the user to input two
numbers, giving the x and y coordinates of
the square to which the player wishes to
move. | avoided alphabetic input since |
wanted the program to work for BASIC
without string variables. | also provided
that the input of the coordinates (0, 0)
would be a signal that the user wants the
computer to make the next move. Both
approaches can be used for almost any
board game.

Once a play is entered, the next step is
to see if it is legal. If so, the computer
must make the play and change the color
of any pieces turned over by the play.
If it is not legal, the computer must ask
the player to try another play. The routine
used to check and execute the move is very
similar to that mentioned earlier for check-
ing the legality of moves. However, unlike
the legal move routine, the routine cannot
stop after finding that a play allows turn-
overs in one direction, but must continue
to make "all turnovers in all directions the
player is entitled to.

Some moves may affect the strategic
value of board squares. For instance if a
piece is placed in a corner, the squares next
to that corner no longer are dangerous, so
their values in the evaluation array must
be changed from highly negative values to
slightly positive. This is the only change in
evaluation values made during the running
of the present program. Undoubtedly it
could be improved by introducing a number
of other changes reflecting particular board
configurations and the possibility that a
square might have different values for
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Black and White in some circumstances.
Chess playing programs often have entirely
separate evaluation routines for beginning,
middle and end game positions.

Finally come the most complicated and
interesting subroutines, those for choosing
a move for the computer. These use an
approach suggested by Shannon in his classic
article, an approach later refined by numer-
ous other researchers (see the bibliography).
This is the minimax algorithm. Assume that
the computer is to make a play for White. It
generates all legal moves for White (using
the legal move checking procedure dis-
cussed above). As each legal move is gen-
erated, the computer considers all possible
replies by Black. An evaluation routine is
called to calculate the strategic value to
Black of the board position after Black
has played. The minimax strategy calls
for the computer to select that legal play
for White that minimizes the maximum
value of the response Black can make.

For instance, suppose White has two
legal plays, and that for the first play Black
may make reply A with value to Black of 80,
or reply B with value 90. For White's other
possible move, Black may make reply C
with value to Black of 100, or reply D
with value 50 (see figure 5). Using the
minimax strategy, White will choose the
first move. This ensures that even if Black
makes his best reply, he cannot achieve
a board position worth more than 90 eval-

uation points.

This procedure can be extended to any
depth. However, the number of moves to
be evaluated, and consequently the com-
puter time needed, rises at an astronomical

WHITE — BLACK rate. In the middle game in chess, each
side may have 50 legal moves. This means
that the complexity of search is of the
order of 50N, where n represents the depth
of the search. This is a very large number
even for a relatively shallow search, which
may explain  why world championship
computer chess matches are usually won
by very large and fast computers. In Reversi
there is an average of approximately 8 pos-
sible legal plays per turn. This means that

Figure 5: Minimax strategy tree, showing alpha-beta pruning. Minimax is a
game theory strategy in which the object is to minimize the value of the
opponent’s maximum response. In this illustration, White has two moves to
choose from: move one enables Black to counter with moves having strategic
values of 80 or 90 (the higher the number, the better). Move two, on the
other hand, enables Black to respond with moves having values of 50 or 100.
Move one is the preferable move for White, since it minimizes Black’s maxi-
mum response to 90, rather than 100. It is not necessary for the computer,
playing the role of White, to analyze the move two branch any further, since
it has already been eliminated by the minimax strategy. That branch can
therefore be pruned to save computing time.

74  BYTE November 1979

for a search of depth 2 (ie: to consider
all possible moves by White and all possible
replies by Black) 64 final board positions
would have to be evaluated. A search of
depth 4 would require 2796 evaluations.

Computer chess programmers have
adopted a number of tricks to speed up the
search process. Many of these tricks are
adaptable to other types of board games;
one of them is used here. This is what arti-
ficial intelligence specialists call alpha-beta
pruning. A simple example may be given.
Consider again the situation mentioned
above, in which White has two legal plays.
For play one, Black may make play A
with value 90 or play B with value 80.
For play two, Black may make play C with
value 100 or play D with value 50 (see
figure 5). Suppose the computer evaluates
play one first. It discovers that the best
that Black can do if White makes play one
is to achieve a 90 point position. Now the
computer starts to evaluate White's play
two. It finds that Black has reply C which
gives it a 100 point position. It need con-
sider no further replies to play two, since it
already knows enough to realize that play
two is inferior to play one under the mini-
max approach, ie: Black has at least one
reply to play two which is better for Black
and hence worse for White than any of
Black’s replies to play one.

Another important method wused for
speeding the operation of chess programs,
but not yet incorporated in my Reversi
program, is that of saving particularly
good moves (or particularly harmful replies
by an opponent) and trying them in other
situations. Thus Black may have a reply
that is extremely damaging for almost any
move White makes, plus a number of weaker
replies. It pays to check Black’s most power-
ful replies to previously checked White
moves first, since a good reply to one move
is often a good reply to other moves.

A sure way to speed up evaluations sub-
stantially and allow a deeper search is to use
a compiled rather than interpreted language
or to rewrite the program (or at least the
move selection strategy) in assembler lan-
guage. Again it is instructive to note that
most championship chess programs are
written in assembler language to obtain
an extra edge in the depth of search possible
under the time limits enforced in chess
tournaments.

Once a game program is up and working,
the most interesting point for further
effort is to try to improve the program’s
strategy. It certainly helps to be a good
player of the game, or at least to have read
some background material on the theory
of play. One ingenious method sometimes
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Listing 1: BASIC program for playing the game of Reversi.

50
55
60
62
63
64
65
66
67
68
69
70
7
74
75
76
77
78
79
80
81
82
84
105
110
112
113
114
115
118
119
123
125
130
135
137
140
145
150
171
172
173
174
175
176
177
178
182
185
190
200
205
210
215
220
225
226
228
229
230
231
232
234
235
237
239
244
245
248
250
251
252
253
254
255
256
258
260
270
295
380
390
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REM **** REVERS| ****

REMALL REMARKS MAY BE OMITTED TO SAVE MEMORY
REM VARIABLES

REM A(100) — FOR SAVING BOARD

REM B(100) — BOARD

REM C(100) — FOR SAVING BOARD

REM D(8) — DISTANCE TO NEXT SQUARE IN 8 DIRECTIONS
REM E(100) — VALUE OF BOARD SQUARES

REM F — VALUE OF OPPONENT'S BEST REPLY TO
REM COMPUTER'S BEST PLAY

REM G — VALUE OF OPPONENT’S BEST REPLY TO
REM COMPUTER’S CURRENT PLAY

REM H — VALUE OF OPPONENT'S CURRENT REPLY
REM | — NOT USED

REM J, K, L — COUNTERS

REM M — PLAY

REM N — COUNTER

REM O — NOT USED

REM P — PLAYER, BLACK=—1, WHITE=1

REMQ — TOTAL MOVES

REMR, S — NOT USED

REMT — LOGICAL VALUE, TRUE=1, FALSE=0
REM U — COUNTER

REM V,W — TO SAVE PLAY

REM Z — COUNTER

DIM A(100)

DIM B(100)

DIM C(100)

DIM D(8)

DIM E(100)

REM RANDOMIZE

REM {F YOUR COMPUTER HAS A RANDOMIZE COMMAND, SUBSTITUTE

REM T FOR LINE 115 AND OMIT LINES 118 THROUGH 150
PRINT “TYPE A NUMBER BETWEEN 100 AND 1000"":
INPUT N
IF N<100 THEN 123
IF N>1000 THEN 123
PRINT “"RANDOMIZING"
FORJ=1TON
LET Z=RND(0)
NEXT J
LET D(1)=1
LET D(2)=11
LET D(3)=10
LET D(4)=9
LET D(5)=—1
LET D(B)=—11
LET D(7)==10
LET D(8)=—9
REM INITIALIZE
GOSUB 9000
REM DISPLAY BOARD
GOsuUB 8000
IF Q<5 THEN 295
REM CHECK FOR LEGAL PLAY
GOSUB 1300
IF T=1 THEN 295
LET T3=T3+1
IF T3<2 THEN 254
PRINT “THE GAME IS OVER"
LET N=0
LET J=0
FOR Z=12 TO 89
IF B(Z)=—1 THEN 239
IF B(Z) <> 1 THEN 244
LET J=J+1
GOTO 244
LET N=N+1
NEXT 2
PRINT “BLACK HAS ";N;"”,WHITE HAS *";J ;" PIECES"
PRINT “"DO YOUWANT TO PLAY AGAIN (0=NO, 1=YES)";
INPUT T
RESTORE
IF T=1 THEN 185
GOTO 9998
PRINT
IF P=1 THEN 260
PRINT "BLACK HAS NO PLAY, LOSES TURN"
GOTO 950
PRINT “WHITE HAS NO PLAY, LOSES TURN"
GOTO 950
GOSuUB 1100
IF M<> 1 THEN 500
IF Q>4 THEN 430

BYTE November 1979

395
400
402
403
404
405
430
450
500
510
520
530
540
550
600
640
800
820
830
950

REM COMPUTER PLAYS
REM FIRST 4 PLAYS
LET M=45

IF B(M)=2 THEN 540
LET M=M+1

GOTO 403

GOSUB 3000

REM CHECK PLAY

IF M<1 THEN 800

IF M>100 THEN 800

IF Q>4 THEN 600

IF B(M) <>2 THEN 800
LET B(M)=P

GOTO 830

GOSUB 1400

IF T<>0 THEN 950
PRINT “ILLEGAL PLAY"
GOTO 200

LET Q=0+1

LET P=—P

Listing 1 continued on page 7

used in order to find better parameters
for evaluation routines is to select a variety
of values for use in these routines and to
have the progiram run a tournament against
itself using the different values. The winning
values are then incorporated in the revised
and improved program.

| hope this description and the listing of
the Reversi program will inspire readers to
make their own game playing programs.
The books about board games mentioned in
the bibliography list over 700 games, so
there are plenty of games waiting to be
programmed.
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Listing 1, continued:

955
960
970
1099
1100
1101
1115
1120
1130
1140
1145
1150
1160
1170
1299
1300
1301
1302
1310
1316
1317
1318
1320
1330
1340
1350
1370
1380
1381
1382
1383
1384
1385
1386
1390
1391
1392
1394
1399
1400
1410
1420
1430
1440
1444
1470
1480
1490
1500
1510
1515
1530
1531
1532
1533
1534
1535
1700
1705
1710
2999
3000
3680
3690
3700
3710
3750
3752
3753
3755
3759
3770
3780
3790
3800
3802
3803
3804
3806
3810
3815
3820
3840
3850
3855
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IF E(M) <>64 THEN 200
GOSsuUB 5000

GOTO 200

REM * GET A PLAY *
PRINT

PRINT "“IF YOU WANT THE COMPUTER TO PLAY, ENTER 0,0”

IF P=1 THEN 1140
PRINT "BLACK";
GOTO 1145

PRINT “WHITE";

PRINT 'S TURN, ENTER X,Y";

INPUT X,Y
LET M=X+1+10*Y
RETURN

REM * CHECK FOR LEGAL PLAY *

LET T=1

PRINT "CHECKING'’;
LET M=1

IF U<4 THEN 1318
LET U=0

PRINT “."";

LET U=U+1

IF B(M) <>0 THEN 1390
LET N=1

LET J=D(N)

IF B(M+J) <>—P THEN 1385
LET K=M+J+J

|F B(K)=3 THEN 1385
IFB(K)=0THEN 1385
IF B(K)=P THEN 1394
LET K=K+J

GOTO 1380

LET N=N+1

IF N<9 THEN 1340
LET M=M+1

IF M<90 THEN 1310
LET T=0

RETURN

REM * MAKE A PLAY *
LET T=0

IF B(M)=0 THEN 1430
RETURN

LET N=1

LET J=D(N)

IF B(M+J) <>—P THEN 1700
LET K=M+J+J

IF B(K)=3 THEN 1700
IF B(K)=0 THEN 1700
|F B(K)=P THEN 1530
LET K=K+J

GOTO 1480

LET T=1

LET L=M

IF L=K THEN 1700
LET B(L)=P

LET L=L+J

GOTO 1532

LET N=N+1

IF N<9 THEN 1440
RETURN

REM CHECK COMPUTER'S PLAYS *

PRINT “THINKING';

LET F=9999

FOR Z=12 TO 89
LET C(2)=B(2)

NEXT 2

LET M=12

IF U<4 THEN 3759

LET U=0

PRINT “.";

LET U=U+1

GOSUB 1400

IF T=0 THEN 3860

GOSUB 3900

IF H>F THEN 3840

IF H<F THEN 3810

REM CHOOSE RANDOM OF EQUAL PLAYS

LET Z=RND(0)
IF 2>0.7 THEN 3840
LET F=H
REM FOUND BETTER MOVE
LET W=V
FOR 2=12 TO 89
LET B(2)=C(2)
NEXT Z
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3860
3865
3870
3875
3880
3899
3900
3920
3925
3930
3935
3940
3950
3970
3980
3990
4000
4014
4016
4020
4030
4035
4040
4050
4060
4070
4080
4090
4100
4105
4110
4129
4130
4140
4150
4160
4170
4180
4190
4195
4200
4300
4400
4500
4999
5000
5010
5020
5030
5100
5110
5120
5130
5200
5210
5220
5230
5300
5310
5320
5330
5400
7999
8000
8200
8300
8400
8500
8550
8600
8650
8700
8800
8900
8990
8995
8996
8997
8998
8999
9000
9050
9060
9066
9068
9070
9074

LET M=M+1
IF M<90 THEN 3752
LET M=W
PRINT
RETURN
REM * CHECK OPPONENT'S REPLIES *
LET H=-99999
FOR Z2=12TO 89
LET A(2)=B(2)
NEXT 2
LET P=—P
LET V=M
LET M=12
GOSUB 1400
IF T=0 THEN 4080
GOSUB 4130
IFG<FTHEN4030
REM FORGET THIS PLAY
LET H=G
GOTO 4100
IF G<KHTHEN 4050
REM FOUND MORE HARMFUL REPLY
LET H=G
FOR 2=12TO 89
LET B(2)=A(2)
NEXT 2
LET M=M+1
IF M<90 THEN 3970
LET M=V
LET P=—P
RETURN
REM * EVALUATE *
LET G=0
LET 2=12
IF B(Z)=P THEN 4190
IF B(Z2)=0 THEN 4300
LET G=G-E(2)
GOTO 4300
LET G=G+E(2)
REM FORGET THIS PLAY
IF G>F THEN 4500
LET Z2=2+1
IF Z<90 THEN 4150
RETURN
REM ADJUST CORNER VALUES
IF M<>12 THEN 5100
LET E(13)=5
LET E(22)=5
LET E(23)=5
IF M<>19 THEN 5200
LET E(18)=5
LET E(28)=5
LET E(29)=5
IF M<>82 THEN 5300
LET E(72)=5
LET E(73)=5
LET E(83)=5
IF M<>89 THEN 5400
LET E(77)=5
LET E(78)=5
LET E(88)=5
RETURN
REM DISPLAY THE BOARD
PRINT * 1 2 3 4 5 6 7
FOR Y=8 TO 1 STEP —1
PRINT Y,
FOR X=1TO 8
IF B(X+1+Y*10)=1 THEN 8700
IF B(X+1+Y*10)=—1 THEN 8900
PRINT " —";
GOTO 8990
PRINT “W"';
GOTO 8990
PRINT “ B ";
NEXT X
PRINT Y
NEXT Y

PRINT * 1 2 3 4 5 6 7

RETURN

REM * INITIALIZE *

FOR N=11TO 90
READ E(N)

NEXT N

FOR N=1TO 100
LET B(N)=0

NEXT N

FOR N=1TO 10



9076
9078
9080
9082
9085
9087
9088
9089
9090
9172
9186
9190
9191
9220
9222
9224
9226
9228
9230
9234
9236
9998
9999

Listing 2: Sample output of the program in listing 1.

LET B(N)=3
LET B(90+N)=3
LET B(10*N—9)=3
LET B(10*N)=3

NEXT N

LET B(45)=2

LET B(46)=2

LET B(55)=2

LET B(56)=2

LET U=5

LET Q=1

LET P=—1

RETURN

DATA 0,64, -30, 10,5, 5,10, —30, 64,0

DATA 0, -30,-40,2,2,2, 2, -40, —30 0
DATA0,10,2,5,1,1,5,2,10,0
DATAO0,5,2,1,1,1,1,2,5,0
DATAO0,5,2,1,1,1,1,2,5,0
DATA0,10,2,5,1,1,5,2,10,0

DATA 0, -30, 40, 2,2,2,2, —40,-30,0
DATA 0,64, -30,10,5,5, 10, 30 64, 0
STOP

END

IF YOU WANT THE COMPUTER TO PLAY,
ENTER 0,0

BLACK'S TURN, ENTER X, Y

23,4

1 2 3 4 5 6 7

8 = = = = = o= = «— 8
7 - - - - - - - - 7
6 - - - - - - - &
5 - - W B - - - 5
4 = = B B - - - 4
3 = = = = = = = = 3
2 - - - - - - 2
i 2 = = &8 = = & = A
1 3 4 5 6 8 ]

Circle 77 on inquiry card.

computer mart
of new jersey

Computer Mart of New Jersey
501 Route 27
Iselin, N.J. 08830
(201) 283-0600

HOURS:
Openat 10 am,
Tuesday through Saturday

the
microcomputer
people®

THE VITAL
INGREDIENT:

EXPERTISE

Before you buy your new
microcomputer, chances ore
you hove a lot of questions.
Important questions that
could mean the difference
between a working system
and a wasted system. The
vital ingredient Is expertise.
The microcomputer people at
Computer Mort ore expert at
answering your questions
and helping you put together
the best system for your
application. Whether it’s for
business, the home, or the
laboratory; come see the
experts at Computer Mort

of New Jersey. We hove the
vital ingredient.

POSITIVE INDEXING
ANTI-OVERWRAPPING

BITS AVAILABLE
FOR AWG 26, 28 & 30

BATTERY OPERATED
LIGHT WEIGHT

WIRE WRAPPING TOOL

wooe. BW-2630

BATTERIES AND
BIT NOT INCLUDED

[TRY)

FOREIGN
PATENTS
PENDING

BW-2630

BATTERY-WRAP TOOL

BT-30

BIT FOR AWG 30

BT-2628

BIT FOR AWG 26 & 28

OK MACHINE & TOOL CORPORATION

RB-20

TWO NI-CAD BATTERIES

*MINIMUM BILLING $25.00 / ADD SHIPPING CHARGE $2.00/ NEW YORK CITY / STATE RESIDENTS ADD APPLICABLE TAX. '
Circle 291 on inquiry card.

3455 CONNER STREET, BRONX, N.Y. 10475, U.S.A.
PHONE (212) 994-6600 « TELEX: 125091
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‘onComputing”
reallymakes
personal

computers

easy to
under-
stand?”

3 LE H":

DETO PERSOMLP%OMBEN% .

Written in non-technical language,
onComputing™ contains articles on the
capabilities of mcrocomputers, getting
started, latest reviews of personal com-
puters, Where to purchase and how to use
your computer.

Anyone can learn the funda-
mentals of using a computer.
onComputing readers receive
practical advice and helpful hints
on how to get the most out of a
personal computer, explanations
of computer terminology, and,
periodically, an updated list of
active computer clubs.

onComputing, Inc.

70 Main St., Peterborough, NH03458
Start your subscription today.

EVERY THREE MONTHS

the latest develop-

Beneﬁt from the experience of
other computer enthusiasts.
Articles in onComputing are
written by well known authors
as well as competent amateurs.
They share theirideas onhow to
use the computer as a tool for
business, education, home enter-
tainment, laboratory work and
other applications.

onComputing Subscription Dept. P.O. Box 307, Martinsville, NJ 08836
REGULAR subscription rate:
0U.S.1yr. (4issues)e@ $8.50 O Canada & Mexico, 1 yr. (4 issues) @ $10.00
FOREIGN (to expedite service, please remit in U.S. funds drawn on a U.S. bank.)
O Europe (and all other countries, exceptabove),1 yr.@ $12.00—surface delivery.
0O Startmy subscription with current issue. O Start withVol.1No. 1

O Bill Visa, O Bill Master Charge 0O Bill me (North America only)

COmputer experts edit onCom-
puting for the new user, not the
computer professional. The
editors combine their esoteric
knowledge of computer science
and equipment to produce con-
cise, non-technical material
which can be readily understood
by anyone interested in using a
computer—for fun or profit.

ments in the field of
personal computing:

CardNumber

Expiration

use, applications, books,

Signature

Name (please print)

selection—all in an
easy-to-read style.

Street/Apartment Number

|
!
|
|
onComputing will bring I
|
|
|
|
|

© onComputing, Inc. 1979
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BYTE News . . ..

HOME BUS STANDARD BEING DEVELOPED: Stanford Research Institute, Menlo Park California,
and the Home Bus Standard Association, Washington DC, are conducting a feasibility study to
develop a home bus standard. It will allow home electronic appliances to interact with one another
over regular home wiring.

TI MICROCOMPUTER PICTURE IN TRANSITION: Although Texas Instruments finally introduced its
99/4 personal computer system in June, it is expected to be an interim product. TI failed to get FCC
approval for the original version and also ran into processor production difficulties which forced the
introduction of a high-priced personal computer system ($1150). TI is still pursuing a rule change
request with the FCC and the development of its 9985 stripped down version of its 9940 16-bit pro-
cessor. TI hopes to then introduce a personal computer system for under $500 which connects to a
standard color-television receiver.

TI has also expanded its small business computer (99/7) marketing efforts. The 99/7, which starts
at $5000, will be marketed by Moore Business Forms, through over 750 sales offices as well as
through computer stores and TI's own retail outlets.

AT&T TESTING HOME INFORMATION SYTSTEMS: American Telephone and Telegraph Co has
undertaken customer acceptance tests of several home information systems similar to the Viewdata
system. Among the systems AT&T will test are the Knight-Ridder system (reported in the August
BYTE News), a system developed by McDonnell Douglas, and a Bell Labs developed system.

The Knight-Ridder system test will take two years and involve 150 to 200 families in Miami,
Florida. The system will transmit news, sports results, weather,and public information. The
McDonnell Douglas system will be tested in Kansas City, Michigan, and New York. It will allow users
to call a special number, key a special code on a push button phone, and receive the requested
information in audible form. No details are as yet available on the Bell system.

HEATH ACQUIRED BY ZENITH: Heath Co, a leader in the consumer electronic kit business, was
sold by Schlumberger Ltd to Zenith Radio Corp for $64.5 million. In 1977 Heath introduced two per-
sonal computer kit systems, the H-8 which is based on the 8080 processor, and the H-11 which is
based on the Digital Equipment Corp (DEC) LSI-11. Heath entered into a three-year contract with
DEC. Heath also entered the adult-education market. Heath sales for the last several years have
declined at a 3 to 5% rate.

Zenith, a manufacturer of radio and television receivers, has been diversifying. They have been
making video monitors for terminals and cable-television converters. Immediately after the acquisi-
tion was completed, Heath announced an aggressive marketing program to sell assembled computer
systems through a network of distributors and original equipment manufacturers.

8-INCH WINCHESTER DISK MARKET STILL TRYING TO GET OFF THE GROUND: Despite the
publicity and advertising, only one manufacturer is presently shipping production quantities of
8-inch hard-disk drives. The company is International Memories Inc (IMI), which is currently ship-
ping limited quantities of their 11 M byte drive at $1775. IMI will introduce a 20 M byte unit early
next year, and expects to reduce the price on the 11 M byte unit 10 to 20% by midyear as produc-
tion is increased.

Micropolis expects to start shipping limited quantities of its 27 and 45 M byte drives soon. The
introductory price for the 45 M byte drive is $2688 and should drop to under $2000 by midyear.

Shugart has not yet revealed its marketing plans for its 8-inch rigid drive.

COMPUTERIZED PORTABLE HOME ENTERTAINMENT CENTER SHOWN: Sharp Electronics
recently showed a portable unit, about the size of a typical portable stereo system, which included
the following: a television receiver with a 4.5 inch screen, an AM/FM radio, a stereo cassette, a
digital clock, a calculator, and a personal computer. The computer’s 48-key keyboard slides into the
unit for storage, when it becomes necessary to transport the unit. The video screen is used for
display, and the audio cassette recorder is for data and program storage. It uses BASIC, has

graphics capabilities, and is expandable. No immediate marketing plans have as yet been announc-
ed.
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LOOK IT UP IN THE DATA DICTIONARY: Data base management (DBM) systems are growing in
size, sophistication, and popularity. Users, therefore, need more advanced tools for defining and
keeping track of their data resources. Data dictionaries have been developed to do this and to aug-
ment existing data base management systems. The data dictionary is integrated into the data base
management system’s nucleus and utilities as well as managing the data resources.

On large computer systems such as the large IBM mainframes, the problem of managing these
systems is acute, and data dictionaries are popular here. However, data dictionaries are now being
developed for minicomputer systems as they increase in complexity. Someday you can expect to see
them on microcomputer systems.

IEEE-488 BUS INTERFACING SIMPLIFIED: Now you can interface your computer system to the
IEEE-488 bus without a special bus interface. ICS Electronics Corp, San Jose, California, has come
up with an easy way of doing it. They have developed a 488-to-RS-232C interface and controller.
Just place this device in the line between your terminal and processor and plug your IEEE-488 cable
into the device. Now you can program your computer to process data coming from all those in-
struments with 488 interfaces.

SILICON VALLEY-II DEVELOPING: "Silicon Valley” is the nickname given to the area in California
just south of San Francisco that has the highest concentration of integrated circuit manufacturers. A
regional shift now appears underway as more and more integrated circuit manufacturers are opening
facilities in Texas. Long the stronghold of Texas Instruments, the Dallas and Austin areas have seen
the opening of plants by Mostek and Hitachi. Now, Motorola and Advanced Micro Devices are
following suit. The desertion of California appears to be due to high operating costs.

GTE TAKES ON VIEWDATA: General Telephone and Electronics Corp has been licensed to offer
Viewdata information services in the USA and Canada. Viewdata was developed by the British Post
Office, and is a data base information system allowing users to access data on their television
receivers via telephone lines.

DUAL-SIDED FLOPPIES STILL IN SHORT SUPPLY: Shugart expects to finally get into quantity pro-
duction on dual-sided floppy disks by the end of the first quarter of 1980. Presently they are ship-
ping only limited quantities. Originally introduced in early 1977, Shugart did not start shipping until
early 1979. Media wear problems caused these delays and has limited production to 100 drives per
day at best. Shugart has designed a completely new double-sided head which they expect will cure
these problems. However, Shugart has found it necessary to increase the price of the drives. The
SAB850, an 8-inch drive, in 500-lot quantities will be priced from $485 to $580.

FCC COMPLETES RADIO FREQUENCY RADIATION TESTS: The FCC has completed its test of six
personal computer systems and will release its data soon. Reportedly, the FCC has found that all but
one exceed the interference levels permitted for devices that connect to television receivers

(eg, games). The test included the Atari, Apple, PET, Heath, Southwest Technical Products, and
Radio Shack systems. Only the Atari system passed. The rest caused excessive radio frequency (RF)
radiation interference on nearby television receivers. None of these systems are required to meet the
existing reqgulations. In the meantime, the large numbers of personal computer systems in use are
beginning to generate interference complaints.

8080 STILL GOING STRONG: The 8080 microprocessor, introduced by Intel in 1974 and the inte-
grated circuit that started the microprocessor “revolution,” is still going great. This is despite
improved successors such as the Z80 and 8085. An estimated 500,000 8080As are being made each
month, and many purchasers are finding them in short supply. The 8080A is currently being made
by five manufacturers. Prices for large quantities have gone back up to the $3 to 4 range, after they
had dipped as low as $2.75 each in late 1978. Demand for the 8080A is expected to continue strong
through mid-1980, and it should continue in production for several more years.

MAIL: I receive a large number of letters each month as a result of this column. If you write
to me and wish a response, please include a stamped self-addressed envelope.

by Sol Libes

ACGN]

1776 Raritan Rd
Scotch Plains NJ 07076
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We're about to make

anew name for ourselves.

Not that the old one was so bad. As
Ithaca Audio, we've made quite a name for
ourselves. As the source for CPU, memoty,
video display and disk controller boards to
upgrade other makers’ mainframes and
peripherals. The company that makes
those neat little RAM expansion kits. And
the folks behind the world'’s only Z 80
Pascal compiler.

But as much as we've enjoyed im-
proving other people’s equipment, we've
been quietly moving towards larger en-
deavors, with a lot of encouragement from
our customers: Listening to people’s prob-
lems, as well as their needs. And, as a prime
mover behind the IEEE S-100 Bus Standard,
answering some really knotty questions.

One of the results is our new identity.
And our first new product: the Inter-
systems DPS-1. An |EEE S-100 compatible
mainframe with features that live up to its
looks. Dependable operation to 4 MHz.
Twenty-card capacity. A modular power

supply. And something no one else has—
built-in breakpoints to give you a faster,
more powerful tool for testing software as
well as hardware. Directly accessible from
an easy-to-use front panel that's as reliable
as it is functional. In short, an intelligently-

designed computer for the intelligent user.

There's a lot more to Intersystems. In
hardware. And software. All available
through the nationwide dealer network
we're now assembling.

You can watch this magazine for
updates. Or contact us directly for straight,
friendly answers and detailed information
from key staff people. Just the way you
always have. Because even though we're
making a new name for ourselves, we'll
never forget who made it possible.

ImferNysiemns

Ithaca Intersystems Inc.
1650 Hanshaw Road/P. O. Box 91
haca, NY 14850/6 07-257 0190

© 1979 Ithaca Intersystems Incorporated



Alpha-Beta Pruning

Get your shears out, and
get ready to cut back your
game trees, thereby saving
both space and time

Sooner or later, almost everyone
with a small system gets the idea of
programming it to play chess,
checkers, or some other two-person
board game. Most of us give up
before we start because we have no
idea how to determine the best move
in any given situation. The other
aspects of playing a game are gen-
erally no problem.

We can see how to represent 64

squares on a board by 64 bytes in:

memory, each of which contains a
code number which might be 3 for
Bishop, 6 for King, or O for a blank
square, and so on. We can see how to
write a program for each piece, deter-
mining where it can move in a given
situation depending upon the rules of
the game. For example, a Bishop can
move as far as possible in any of four
directions, so we have to write a pro-
gram to search in one direction until
it finds a square that is not blank (ie:
the corresponding byte does not con-
tain 0, the code for a blank square). If
this square is n squares away from
where the Bishop is currently posi-
tioned, then there are n — 1 possible
moves that the Bishop can make in
that direction. This loop is then
repeated, once for each of the four
directions.

Finally, we can see how to write a
84
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W D Maurer
George Washington University
SEAS
Washington DC 20052

program that would find all of the
pieces on the board, would determine
the type of each piece, and would find
all possible moves for each piece, ac-
cording to its type. In this way we
could get a list of all of the moves that
could be made by one player in any
given situation. But to find the best of
these defies the low-level intuition
that most of us rely upon.

In this article, I will describe a
general procedure for programming
board games, relying heavily on chess
in my examples, but utilizing pro-
cedures that can be applied in any
board game where you have to “look
ahead.” The logic is roughly as
follows: if I make move X, then my

I. N-R6 dbl ch K-RI
2.Q-N7 ch RxQ
3. N- B7 mate

Figure 1: Chessboard layout just prior to
the conclusion of a famous dramatic
ending to a chess game.

opponent will make move Y; if I
make move Z, then my opponent can
make move U, which is better for him
than move Y, so [ shouldn't make
move Z; but if [ make move W...and
SO on.

The first illustration will be from a
famous dramatic finish to a chess
game. This is illustrated in figure 1.
White is already far ahead, having a
Queen and a Knight, whereas Black
has only a Rook and two pawns. To
finish the game quickly, White lets
Black capture his Queen, then gives
checkmate with his Knight. For those
who have forgotten their chess (and
also to illustrate what the computer
does when it sees this position), the
entire finish of the game is illustrated
in figure 2 (see page 88).

It is clear that the computer has to
perform a complete analysis of the
given position in a game; much more
complete than that given in either
figure 1 or figure 2. For example, look
at White's first move: N-Ré6 double
check. In chess terminology, as soon
as White makes this move, Black's

next move is “forced.” There is
nothing that Black can do except
move K-R1. But what does this

mean? Black actually has several
moves, but all of the others are illegal
because White would be able to cap-
ture his King. Specifically:

® [f Black plays R-B2 (interposing
the Rook), then White plays NxK
(capturing the King with his
Knight).

® [f Black plays PxN (capturing the
Knight), then White plays QxK

Text continued on page 90



Fully compatible with ihe SS-50 s e

requiring no modificatton of the& mother
board, memory oy 170 stbts-—-the
SBC/9"™ is also a contplete, single-
board control comptiter with its own
ROM operating] 3ystemns - BAM,
peripheral ports and a full-range baud

6809 PROCESSING POWER!
The Percom SBG/9'.

Only $199.95.

clock generator.

Make the SBC/9" the heart of your computer and put to work
the most outstanding microprocessor available, the 6809.

the Mighty 6809

Featuring more addressing modes
than any other eight-bit processor,
position-independent coding, special
16-bit instructions, efficient argu-
ment-passing calls, autoincrement/
autodecrement and more, it's no won-
der the 6809 has been called the “pro-
grammers dream machine.”

Moreover, with the 6809 you get a
microprocessor whose programs typ-
ically use only one-half to two-thirds as
much RAM space as required for 6800
systems, and run faster besides.

And to complement the extraordi-
nary 6809, the Percom design team
has developed PSYMON™, an extraor-
dinary 6809 operating system for the
SBC/9™
PSYMON™ — Percom SYstem MONitor

Although PSYMON™includes a full
complement of operating system
commands and 15 externally callable

™ trademark of Percom Data Company, Inc.

PERCOM

PERCOM DATA COMPANY, INC.
211 N KIRBY GARLAND. TEXAS 75042
(214) 272-3421

Percom ‘peripherals for personal computing’

utilities, what really sets PSYMON™
apart is its easy hardware adaptability
and command extensibility.

For hardware interfacing, you
merely use simple, specific device
driver routines thatreference a table of
parameters called a Device Control
Block (DCB). Using this technique, in-
terfacing routines are independent of
the operating system. -

The basic PSYMON™ command
repertoire may be readily enhanced or
modified. When PSYMON™ first re-
ceives system contral, it initializes its
RAM area, configures its console and
then ‘looks ahead' for an optional sec-
ond ROM which you install in a socket
provided on the SBC/9™ card. This
ROM contains your own routines that
may alter PSYMON™ pointers and
either subtly or radically modify the
PSYMON™ command set. If a second
ROM is not installed, control returns
immediately to PSYMON™

Provision for multi-address, 8-bit bidirec-
tional parallel 1/0 data lines for interfac-
ing to devices such as an encoded
keyboard.

A serial interface Reader Control output
for a cassette, tape punch/reader or simi-
lar device.

An intelligent data bus: multi-level data
bus decoding that allows multiprocess-
ing and bus multiplexing of other bus
masters.

Extended address line capability — ac-
commodating up to 16 megabytes of
memory — that does not disable the on-
board baud rate clock or require addi-
tional hardware in 1/0 slots.

On-board devices which are fully de-
coded so that off-card devices may use
adjoining memory space.

IFuIIy buffered address, control and data
ines.

he SBC/9" complete withPSYMON™in
ROM, 1K of RAM and a comprehensive
users manual” costs just $199.95.

To place an order or request additional literature
call toll-free 1-800-527-1592. For technical infor-
mation call (214)272-3421. Orders may be paid by
check, money order, COD or charged to a VISA or
Master Charge account. Texas residents must add

500 sales tax.

Circle 305 on inquiry card.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE



Welcome to Percom’s Wide World

$8-50 Bus LFD-400* and LFD-800" Systems

ey
&1 1. J

ST

Percom LFD mini-disk drive
systems are supplied complete
and ready to plug in the moment
they arrive. You don’'t even have
to buy extra memory. Moreover,
software support ranges from
assembly language program
development aids to high-speed
disk operating systems and
business application programs.

Mini-disk storage system prices:

1-DRIVE 2-DRIVE 3-DRIVE
MODEL SYSTEM SYSTEM SYSTEM
For the SS-50 Bus:
LFD-400™ $ 599.95 $ 999.95 $1399.95
LFD-800™ 895.95 1549.95 2195.95
For the EXORciser* Bus:
LFD-400EX™ $ 649.95 $1049.95 $1449.95
LFD-800EX™ 945.95 1599.95 2245.95

LFD-1000™

(dual) $2495.00 (quad) $4950.00

The LFD-400™ and -400EX™ systems
and the LFD-800™ and -800EX™ systems
are available in 1-, 2- and 3-drive
configurations. The -400, -400EX drives
store 102K bytes of formatted data on
40-track disks, and data may be stored on
either surface of a disk. The -800, -800EX
drives store 200K bytes of formatted data
on 77-track disks.

The LFD-1000™ systems (not pictured)
have dual-drive units which store 800K
bytes on-line. The LFD-1000™ controller
accommodates two drive systems so that
a user may have as much as 1.6M bytes
on-line.

Each LFD mini-disk storage system
includes:

® drives with integral power
supplies in an enamel-finished
enclosure

® a controller/interface with ROM
operating system plus extra ROM
capacity

® an interconnecting cable

® a comprehensive 80-page users
manual

Low-Cost Mini-Disk Storage in the Size You Want.

-

EXORciser: Bus LFD-400EX™ -800EX™ Systems

Upgrade to 6809 Computing Power. Only $69.95

Although designed with the SWTP 6800 owner in
mind, this upgrade adapter may also be used with
most other 6800 and 6802 MPUs. The adapter is
supplied assembled and tested, and includes the
6809 IC, a crystal, other essential components and
user instructions. Restore your original system by
merely unplugging the adapter and a wire-jumpered

DIP header, and re-inserting the original
components. Also available for your upgraded
system is PSYMON™ (Percom SYstem MONitor),
the operating system for the Percom 6809
single-board computer. PSYMON™ on 2716 ROM
costs only $69.95. On diskette (source and object
files), only $29.95.
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o Interface to data terminal and two cassette recorders
with a unit only 1/10 the size of SWTP's AC-30.
o Select 30, 60 or 120 bytes per second cassette
interfacing; 300, 600 or 1200 baud data terminal
interfacing.
e (Qptional mod kits make CIS-30+ work with any
microcomputer. (For MITS 680b, ask for Tech Memo
TM-CIS-30+-09.)
e KC Standard/Bi-Phase-M (double frequency) casselte
data encoding. Dependable self-clocking operation
e QOrdinary functions may be accomplished with 6800
Mikbug* monitor

Prices: Kit, $79.95; Assembied, $99.95. Prices include
a comprehensive instruction manuai. Also available: Test
Casselte, Remote Control Kit (for program control of
recorders), IC Socket Kit, MITS 680b mod documentation
and Universal Adapter Kit (converts CIS-30+ for use with
any computer).




of 6800 Microcomputing.

6800/6809 SOFTWARE

System Software

6800 Symbolic Assembler — Specify assembly options
al time of assembly with this symbolic assembler. Source
listing on diskette ......... ... ... ........ $29.95
Super BASIC —a 12K extended random access disk BASIC
for the 6800 and 6809. Supports 44 commands and 31 func-
tions. Interprets programs written in both SWTP 8K BASIC
(versions 2.0, 2.2 & 2.3) and Super BASIC. Features: 9-digit
BCD arithmetic, Print Using and Linput commands, and much
MOTE. PIICE gt ke coi b Tt i o RN ot $4995
TOUCHUP™ — Modifies TSC's Text Editor and Text Pro-
cessor for Percom mini-disk drive operation. Supplied on
diskette complete with source listing .. .......... $17.95
Operating Systems

INDEX™ — This easy-to-use disk-operating and file man-
agement system for 6800 microcomputers is fast. /O devices
are serviced by interrupt request. INDEX™ accesses peripherals
the same as disk files — new devices may be added without
changing the operating system. Other features: unlimited
number of DOS commands may be added e over 60 system
entry points + display only those files at or above user-specified
file activity level « versionsavailable for SWTP MF-68, Smoke's
BFD-68 and Motorola's EXORciser*. Price ... ... .. $99.95
MINIDOS-PLUSX™ — An extension of the original
MINIDOS™ for LFD-400™ mini-disk systems, MINIDOS-
PLUSX™ manipulates liles by six-character names. Supports
up to 31 files. Resident commands include Initialize, Save,
Allocate, Load, Files (directory list), Rename and Delete.
Supplied on 2708 ROM with a minidiskette that includes
transient utilities such as Copy, Backup, Create, Pack and Print
DIFERERA D et vaiis £ v o s e alo o ooe < $34.95.
PSYMON™ — Percom SYstem MONitor for the Percom
single-board/ SS-50-bus-compatible 6809 computer accom-
modates user's application programs with any mix of peripher-
als without modifying programs. PSYMON* also features
character echaing to devices other than the communicating
device, sophisticated register and memory dump routines and
more. Price (on 2716 ROM) . .. ...... ... .. ... $69.95.
WINDEX™ — Described in detail elsewhere on this page.
Business Programs

General Ledger — For 6800/6809 computers using Per-
com LFD mini-disk storage systems. Requires little or no
knowledge of bookkeeping because the operator is prompted
with non-technical questions during data entry. General Ledger
updates account balances immediately — in real time, and will
print financial statements immediately after journal entries. User
selects and assigns own account numbers; tailors financial
statements to firm's particular needs. Provides audit trail. Runs
under Percom Super BASIC. Requires 24K bytes of RAM.
Supplied on minidiskette with a comprehensive users manual.
LT I ook ¢ 50 o $199.95.

FINDER™ — This general purpose data base manager is
written in Percom Super BASIC. Works wth 6800/ 6809 com-
puters using Percom LFD-400™ mini-disk drive storage Sys-
tems. FINDER™ allows user to define and access records using
his own terminology — customize file structures to specific
needs. Basic commands are New, Change, Delete, Find and
Pack. Add up to three user-defined commands. FINDER plus
Super BASIC require 24K bytes of RAM. Supplied on minidisk-
elte with a users manual. Price ... ... .......... $99.95
Mailing List Processor — Powerful search, sort, create
and update capability plus ability to store 700 addresses per
minidiskette make this list processor efficient and easy to use.
Runs under Percom Super BASIC. Requires 24K bytes of RAM.
Supplied on minidiskette with a users manual. Price  $99.95.

From the Software Works

Development and debugging programs for 6800 p.Cs on disk-
ette:

Disassembler/ Source Generator . ... ......... .. $30.95
Reloc'tng Disas'mbli/ Segmented Text Gen .. ... ... $40.95
DiSaSSEmMDIEn/TIACEl Nt . . . o e S $25.95
Support Relocator Program .. ................ . $25.95
Relocating Assembler/ Linking Loader ........... $56.95
SmithBUG* * (2716 EPROM) .. ............. .. $70.00

Y-Price Special on Hemenway Software!

(CP/68% disk operating system ............... $ 4997
STRUBAL+% compiler . .................... $124.97
[EDINTe) ] GO s s e & 8 6 o e 6 $ 19.97
MACRO-Relocating Assembler ... ............ $ 39.97
Linkage Editor (LNKEDT68) ................. $ 2497
Cross Reference utility . .......... ... ... .. $ 1497

“trademark of Percom Data Company, Inc.

* trademark of Motorola Corporation

iTrademark of Hemenway Associates Company

* "SmithBUG is a trademark of the Software Works Company

And ‘looking into’ is just what
you do with the Electric
Window™ as you peer right
into memory space where
characters are being input
and manipulated. Display

IS memory-resident,
programmable and generates
up to 24 80-character lines.
Other features include:

- standard character
generator plus provision for
optional special character
generator

+ dual intensity, high-lighting
alphanumeric display

» scrolling by a programmable

register « programmable
display positioning

» programmable interlaced or
non-interlaced scan

» descenders on lower case
letters » users manual with

application instructions and
listing of WINDEX™ driver.

The Electric Window. ®
Worth Looking Into. $249. 9.'1

WINDEX® is a fast video display driver program for
the Electric Window™. WINDEX™ also features:
program and keyboard control of character
generators ¢ displayable control characters — under
program control « automatic scrolling « a driver
routine for the parallel input keyboard feature of the
Percom 6809 Single-Board Computer, the SBC/9™
- auto-linking to PSYMON®, the ROM operating
system for the SBC/3™ « Prices: ROM version:
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