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SYSTEMS - SOLUTIONS

If you have a problem that can be solved by a computer—we have a systems solution.
® Two central processors with maximum RAM capacities of 56K and 384 K bytes
® Three types of disk drives with capacities of 175K, 1.2M and 16M bytes
® Two dot matrix printers with 80 and 132 line capacity
® A Selectric typewriter interface and a daisy wheel printer

Match these to your exact need, add one or more of our intelligent terminals and put together
a system from one source with guaranteed compatibility in both software and hardware.

Southwest Technical Products systems give you unmatched power, speed and versatility. They
are packaged in custom designed woodgrain finished cabinets. Factory service and support on
the entire system and local service is available in many cities.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216 (5612) 344-0241

Circle 350 on inquiry card.




You can do surprising things
when you have 64 kilobytes of fast RAM

4 MHz FAST—AND EXPANDABLE

Here’s 64 kilobytes of memory on
one RAM card. Yes, we mean 512K
bits of read/write memory on this
single card.

And, yes, we mean it's fast. With
150-nanosecond chip access times
—so the card can operate in fast
Z-80 systems with no wait states.
Repeat, no wait states.

EXPANDABLE ON TWO LEVELS
Not only does the new Model
64KZ give you a large, fast RAM
but it is expandable on two levels.
First, through our Cromemco Bank
Select feature, you can expand to
512 kilobytes in eight 64K banks.

Or, with our Extended Bank Select
feature, you can expand memory
space to as much as 16 megabytes.

This expandability we call your
obsolescence insurance.

The legend on the card’s heat sink
is an easy reference for address and
bank selection.

Circle 87 on inquiry card.

on one card

BENCHMARK IT

Obviously, the speed and memory
capacity of this new card give you a
lot of power.

You can see that for yourself in
our new 7-station Multi-User Com-
puter System which uses these Model
64KZ cards. This S100-bus system
outperforms the speed of many if
not most timesharing systems of up
to 10 times the Cromemco price.

And yet where some of these much
more expensive and cumbersome
systems clearly slow to a snail’s pace
when timesharing, the Cromemco
system using Bank Select switching
runs surprisingly fast.

SEE IT NOW
See the new Model 64KZ at your
computer dealer now. Study the lit-
erature on it. See how for only $1785
you can get around that ever-present
barrier of memory that's too little
and too slow.

Cromemco

For high reliability all Cromemco memory
cards are burned in at the factory In these
temperature-controlled ovens.

‘Cromemco Multi-User System
shown with 7 stations

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

Tomorrow’s computers now
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Here’s how you can be fully computerized
for so much less than you thought

BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING

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

Naturally, it’s from Cromemco.

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

Look at these features:

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

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

e Each user has an independent bank
of RAM

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

®* You have confidentiality between
most stations

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

BYTE June 1979

PROGRAMMERS LOVE OUR BASIC

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

Programmers tell us that Cromemco
Multi-User BASIC is the best in the field.
Here are some of its attractions:
®* You can use long variable names

and labels up to 31 characters long

— names like ‘“material on order”

or “calculate speed reduction.”
®* You get many unusual and helpful

commands that simplify programs
and execution — commands such as

PROTECT, LIST VARIABLES, NOLIST,

and many more.

i nc o r p o r a t e d

Microcomputer Systems

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

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

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

¢ A line editor simplifies changes.

BENCHMARK IT — NOW

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

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

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

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

Circle 87 on inquiry card.
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The IBM 7070 might have been the start of a new decimal- based computer family
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Chemistry, artificial intelligence, and the second law of thermodynamics
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The right tool for the job is often a text editor in BASIC
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This month’s cover by Ken Lodding is
called "“The Turing Test,” after the famous
test defined by Alan Turing. It was Turing’s
contention that a computer could be judged
as intelligent if a human questioner could
not differentiate between a computer in one
room and a human being in another.

The basis for the cover painting is the
Necker cube, an optical illusion where it is
unclear which end of the cube is in front.
The question here is: Is it the human or the
computer circuit connected to the
keyboard?

Ia This 8Y

Before discussing the design of A Model
of the Brain for Robot Control, it is
necessary to define the notation that will be
used in the model. James Albus discusses
the overall model objectives and the nota-
tion used to describe it, drawing on control
systems theory. page 10

The IEEE Micromouse contest requires
that a mechanical “mouse” find its way
through a maze. The winner is the mouse
that makes it through the maze in the least
amount of time. Sandra and Stephen A
Allen discuss some of the Simple Maze
Traversal Algorithms they and Tony Rossetti
used for the Micromouse contest.  page 36

The types of input available for your com-
puter are limited only by the imagination.
This month Steve Ciarcia uses Mind Over
Matter to control his computer. Find out
how to influence your computer using mus-
cle power. page 48

Although the official documentation for
the Apple Il high resolution color graphics
package states that the colors violet and
green are the only colors besides black and
white which may be obtained, adjustment
of the television controls allows any pair of
complementary colors to be displayed. It is
also possible to obtain four colors and black
and white with appropriate adjustments.
Allen Watson Il explains how in his article
More Colors for Your Apple. page 60

If you enjoy taking your computer system
to club meetings or other events, but don’t
look forward to the attendant wire fiddling
and fuss, read A Home for Your Computer
by Joseph Dawes. Now you can have a com-
pact computer storage and travel case that
doubles as a desk. page 70

One of the most interesting applications
of your computer is the control of physical
devices. Perhaps you've thought of having a
robot-like device that your computer could
control. James Gupton |r describes the fun
that he and two of his students had when
they set out to do just that in Talk to a
Turtle. page 74

It's not hard to put a bit of artiticial in-
telligence into your computer system. David
Stanfield found a way to make his system
search for “food” in a maze he set up. Find
out how to do it in My Computer Runs
Mazes, page 86

William D Johnston develops a general
purpose program with the capability to
generate a wide variety of more advanced
perspective projections. He includes a func-
tional program with great versatility, as well
as a number of maps generated by that pro-
gram. Mr Johnston shows how Computer
Generated Maps can be used in satellite
communications and many other practical
applications. page 100

William T Powers has a control theory
approach to the simulation of human
behavior. However, before we can simulate
human behavior in a robot, we must deter-
mine what behavior is. William Powers
takes a look at behavioral actions as he ex-
plores The Nature of Robots. page 132

When hand-assembling a program it is
useful to have a table summarizing the op
codes for the processor. Henry Melton sup-
plies us with a table for The 1802 Op
Codes. page 146

Keith S Reid-Green continues his History
of Computing discussion with a look at The
IBM 7070, a second generation computer
announced in 1959. page 148

Some scientists over the years have
argued that a thinking machine cannot be
built because it would violate the second

law of thermodynamics. In Artificial In-
telligence and Entropy author R M Kiehn
discusses some recently completed work in
chemistry that refutes this claim and opens
the door once more to the possibility of in-
telligence in machines. page 152

When performing a lot of manipulations
with text it is necessary to have the ability to
perform editing functions on the file that is
being used. If you have a computer system
that runs BASIC, you may find that tred
Ruckdeschel’s BASIC Text Editor is a very
handy tool. page 156

Bubble memories are a fairly new form of
mass storage medium that is available to the
general public. For a quick overview of
Texas Instruments’ bubble memory product,
see A | Halsema's article Bubble Memories.

page 166

What is a stack? What does LIFO mean?
Stacks can be important tools for the com-
puter programmer. Knowing what they are
and how to use them will aid you in improv-
ing your programming skills. Find out how
stacks stack up in T Radhakrishnan and M V
Bhat’s article, Stacks in Microprocessors.

page 168

An input command language is often
regarded as the least important part of a
system. Therefore, some excellent systems
are ignored due to the inconvenience en-
countered when trying to use them. Finite
state machine theory is one solution to this
problem. For an excellent introduction to
the world of finite state machines read
G A Van den Bout’s article on Designing a
Command Language. page 176

Have you ever considered using your
computer system in a timesharing mode? 1o
discover what is involved in setting up such
a system, read Timesharing: Squeezing the
Most from Your Micro by Sheldon Linker.

page 228

Calculating randomness is a very deter-
ministic proposition, especially when
pseudorandom number sequences are used.
C Brian Honess in his article on Three Types
of Pseudorandom Sequences gives some
necessary background information on ran-
dom number calculations and statistical
tests of randomness. page 234
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Structured Systems
business software can
put a microcomputer
to work for you.

I
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Unautited Statement
For Mansnemest use
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SSG's general accounting, data inquiry, mailing, and
communications software packages are bringing real
computer power to hundreds of businesses right
now. They are ready to go to work for your business.

The Honest-To-Business $12,000 Computer*

Our software will power DYNABYTE, CROMEMCO,
IMSAI, NORTHSTAR, ALTOS, MICROMATION, DIGITAL
SYSTEMS, or other Z-80 or 8080 based computers
through your General Ledger, Accounts Receivable, and
Accounts Payable. And maintain a conversational
data-base query system, store and print your mailing list
and labels, produce and edit correspondence, address

it from your mailing list, and more. The price for a total
system—hardware and SSG software—ranges from
$8,000 to $14,000.

Real Business Computing

Our Business Software packages are designed to be up
and running and working for you in a matter of hours.
Without expensive reprogramming, technical staff addi-
tions, or costly trial-and-error. Our quality is high, our
documentation practically self-instructive. The applica-
tions are flexible and extensive, designed to meet and
exceed the requirements of most small to medium busi-

nesses. Real computer solutions at microcomputer prices.

Circle 353 on inquiry card.

Some Pleasant Surprises

Your computer retailer can give you a demonstration
and literature. You might find a solution just right for
your business with“off the shelf” prices and delivery
times. Or we will be happy to send you literature direct,
including a list of our dealers and compatible hardware.
Write us, or call.

The SSG product line includes these outstanding packages:

LETTERIGHT Letter Writer
NAD Mailing System

QSORT Sorting System
WHATSIT? Data/Query System

General Ledger
Accounts Receivable
Accounts Payable
CBASIC-2

Structured Systems Grou

5204 Claremont  Oakland, California 94618  (415) 547-1567

% Complete prices will vary with equipment and software selected. Required:
8080 or Z-80 based computer running a CP/M or CP/M-compatible
disk-based operating system. Your retailer or SSG can advise on specifics.
(CP/M is a product ot Digital Research.}
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Altos Computer Systems
2378-B Walsh Avenue
Santa Clara. CA 95050

Apple Computer
10260 Bandley Dr.
Cupertino, CA 95014

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

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

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

North Star Computer
2547 9th Street
Berkeley, CA 94710

Percom Data
318 Barmnes
Gariond. TX 75042

Polymorphic Systems
460 Ward Dir.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

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

SD Sales
3401 W. Kingsley
Garland. TX 75040

Smoke Signal Broadcasting
6304 Yucca
Hollywood. CA 90028

Technico Inc.
9130 Red Branch Road
Coiumbia, MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston. TX 77087

Thinker Toys

1201 10th Street

Berkeley, CA 94710

Vista Computer Company

2807 Oregon Court
Torrance. CA 90503
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On Beginning a New Project...

by Carl Helmers

This week, | began a new project. It is one which could be begun by
many of our readers, that of building a new computer system. In photo 1 we
sec what my last project turned into after four years of effort at various
levels: a 6800 processor with some 28 K of programmable memory, sockets
for 8 K of 2708 read only memory, a Sykes 9000 series floppy disk sub-
system, a tape subsystem,
and communications via
parallel ports to two other
computers: an Altair and
my ALF Products AD-8
music synthesizer. As can
be seen by the photo, this
system is a packaging night-
mare.

| now use a cleaner ma-
chine, manufactured by
Northwest Microcomputer
Systems, as my primary
computer. The old home-
brew sits downstairs, un-
used for the most part.
The Pascal oriented ma-
chine that is upstairs gives
me a software develop-
ment facility which can
support my hardware pro- Photo 1: This homebrew personal computer
jects, something | did not  system is an example of the kind of packag-
previously have to such a ing nightmare which can result from experi-
degrec. However, the Pas- mentation with hardware. |t works quite
cal machine does not yet  nicely, but is not exactly portable. This

talk to the music synthe-  system proves that in hardware, as in soft-
sizer and the music key- ware, it is possible to get a system where the
board, so | still have that  patches and ad hoc kluges tend to out-
problem. number the original features of the design.

To solve that problem,
| have set out on a new
project: building a general purpose computer for use as a local controller of
the music peripherals. The communication with the main software source, the
Pascal machine, will be via a high speed serial communications line when the
music machine is not used alone, as in a live performance situation. The pro-
cessor in this new local controller will be a Motorola 6809. It is perhaps the
ultimate 8 bit processor of current technology.

In order to accomplish the musical goal of either self-contained or remote
commanding of the synthesizer, such a controller must contain certain mini-
mum functions. It must have a local communications oriented monitor, as
well as a monitor oriented toward self contained operation. The communi-
cations monitor contains simple binary (not decoded ASCII) command func-
tions for loading memory, examining memory, dumping memory, and jump-
ing to arbitrary locations. This sort of monitor might take 100 or 200 bytes
of code in the 6809’s instruction set. The self-contained operations monitor

Text continued on page 124



“After working all day with the computer at
work, it's a kick to get down to Basic at home. And
one thing that makes it more fun is my Shugart
minifloppy™: We use Shugart drives at work, so
when | bought my own system | made sure it had a
minifloppy drive.

“Why? Shugart invented the minifloppy. The
guys who designed our system at work tell me that
Shugart is the leader in floppy design and has
more drives in use than any other manufacturer. If
Shugart drives are reliable enough for hard-working
business computers, they’'ve got to be a good
value for my home system

“When I'm working on my programs late at
night, | can’t wait for cassette storage. My
minifloppy gives me fast random access and data

transfer. The little minidiskettes™ store plenty of
data and file easily too.

"I made the right decision when | bought a
system with the minifloppy. When you lay out your
own hard-earned cash, you want reliability and
performance. Do what | did. Get a system with the
minifloppy.”

If it isn’t Shugart,
it isn’t minifloppy.

£ Shugart

435 Oakmead Parkway, Sunnyvale, California 94086

See opposite page for list of manufacturers featuring Shugart's minifloppy in their systems.
T™ minifloppy is a registered frademark of Shugart Associates

BYTL June 1979
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DIGITIZING DATA BASES

Recently | saw an advertisement for
the new Bit Pad One and thought of the
numerous uses it presented. One that is
especially interesting is building a data
base.

The computer could be programmed
to print a sentence or word in any form
of lettering or type font, from script to
Old English by letting a string equal any
modified letter of the programmer’s
choice. With 26 strings, you would have
a complete alphabet in any form you
like. The computer could identify the
input letter, word, or phrase, match
it with the correct string variable, and
print that variable {letter). The outcome
would range from a letter to a full para-
graph typed and printed in any font
imaginable.

The only way to store such data as
these modified letters without investing
hours of time in plotting coordinates
and typing them in, would be to
illustrate the letters on the new Bit Pad
One.

| hope all computer enthusiasts can
derive as much enjoyment from this
amazing device as | anticipate.

Jeff Korn
71 Hillary Ln
Penfield NY 14526

Any way you look at your proposed
project, it Is a major undertaking. The
concept of building data bases from a
digitizer Is not new, but the program-
ming exercise it Involves Is sure to be
rewarding. RGAC

DIGITAL RADIO OPERATORS

In response to Don Stoner's letter,
“Calling all Computers” (December
1978 BYTE, page 159), | thought you
might be interested in some details of
the new ‘packet radio license’ avail-
able in Canada.

The Amateur Digital Radio Opera-
tor's Certificate is an Amateur Radio
certificate, the holder of which is quali-
fied to operate in some amateur radio
bands. Mr. Stoner refers to this as the
“Packet Radio Service’” and implies
that it is separate from the Amateur
Radio Service. This is not true. Neither
is it true that some of the band will
probably go to the GRS (CB) service.
As a matter of fact, the DOC seems
proud of the fact that Canadian amateurs
are the first in the world to implement
the technique of packet radio on the
amateur bands. They have made liberal
bandwidth allowances in several portions
of the 220 MHz band specifically for this
technique, and it seems unlikely that

8  June 1979 © BYTE Publications Inc

they would start chopping off portions
of this “show case” band to hand over
to the GRS service.

The Amateur Digital Certificate allows
operation on all amateur frequency bands
above 144 MHz. This includes 144 to
148 MHz {2 meters), 220 to 225 MHz,
420 to 450 MHz, 1215 to 1300 MHz and
five more bands from 2.3 to 24 GHz. It
allows all current modes such as Morse
code, single side band voice, FM voice,
FSK or AFSK teletypewriter or data,
and television, as well as several modes
of pulse transmission. This is aimed
primarily at the computer and elec-
tronics hobbyists who would like to
participate in computer networking. The
requirements (ie: examination) reflect
this.

There is no Morse code exam at all.
The written exam has three parts:

® multiple choice questions on
Canadian amateur radio regula-
tions,

® questions on radio communica-
tions theory and operation {on
the Advanced Amateur level),

o the digital exam with questions

on computing, analog and digital -

transmission, packet radio, queu-
ing theory, digital coding, error
control and other topics.

The pass requirements are 70 percent
per section and the exam is not simple
(I've written it), so it seems that they are
looking for serious hobbyists to pass this
exam.

Those who already hold an amateur
or advanced amateur certificate in Canada
are allowed to do anything that this new
certificate allows (including packet radio)
except for the pulse modes of transmis-
sion. (FSK is the current favorite for low
speed networks and point to point con-
tacts, with some type of PCM for the
higher speed networks.) This new license
is ideal for those computerists who want
to get on the air with their terminal or
computer but could never stand Morse
code.

Personally, 1 can’t wait to finish
building my transmitter and get my Z-80
system on the air, and | would like to
hear from other Canadian readers who
are doing the same. | certainly don’t
talk to many hams on the HF bands who
are interested in computing.

Ron Vanderhelm, VE7COR
University of British Columbia
Amateur Radio Club

Box 7 SUB, University of BC
Vancouver BC CANADA

LINEAGE PROGRAMMING

| am a genealogist and would like to get
in contact with suppliers of programs
for use by genealogists. | have a Digital
Equipment Corp PDP-10 with expanded
memory, disk, and paper tape.

Mrs G V Creaser
4 Sunny Hill Rd
Northboro MA 01532

Computerland®

Huntsville, AL
Phoenix, AZ

Little Rock, AR
Beimont, CA
Dublin, CA

El Carrito, CA
Hayward, CA
Lawndale, CA

Los Altos, CA

Los Angeles, CA
Marin, CA
Pasadena, CA
Saddleback Valley, CA
San Bernardino, CA
San Diego, CA

San Diego East, CA
San Francisco, CA
San Jose, CA

Santa Maria, CA
Santa Rosa, CA
Thousand Oaks, CA
Tustin, CA

Wainut Creek, CA
Colorado Springs, CO
Denver, CO
Fairfield, CT
Newark, DE

Boca Raton, FL
Ft. Lauderdale, FL
Jacksonville, FL
Atlanta, GA
Honolulu, HI
Arlington Heights, IL
Downers Grove, IL
Mundelein, IL
Niles, IL

Oak Lawn, IL
Peoria, IL
Indianapolis, IN
Overland Perk, KS
Louisville, KY
Rockville, MD
Grand Rapids, M|
Southfield, Mi
Bloomington, MN
Rochester, MN
Springfield, MO
Nashua, NH
Cherry Hill, NJ
Bergen County, NJ
Morristown, NJ
Buffalo, NY
Ithaca, NY

Nassau County, NY
Charlotte, NC
Cleveland, OH
Columbus, OH
Portiand, OR
Harrisburg, PA
Austin, TX

Dallas, TX

South West Houston, TX

Houston Bay Ares, TX
Salt Lake City, UT
Tyson’s Corners, VA
Bellevue, WA

Federal Way, WA
Tacoma, WA

Madison, W|
Milwaukee, W\
INTERNATIONAL
Adelaide, Australia

(205) 639-1200
(602) 956-5727
(501) 224-4508
(415) 595-4232
(415) 828-8090
(415) 233-56010
(415) 538-8080
{213) 371-7144
(415) 941-8154
(213) 776-8080

Call Directory Information

(213) 448-3205
(714) 770-0131
{714) 886-6838
(714) 560-9912
(714) 464-5666
(415) 546-1592
(408) 253-8080
(805) 928-1919
(707) 528-1775
(805) 495-3564
(714) 544-05642
(415) 935-6502
(303) 574-4150
(303) 759-4685
(203) 255-9252
(302) 738-9666
(305) 368-1122
(305) 566-0776
(904) 731-247
(404) 953-0406
(808) 521.8002
(312) 255-6488
(312) 964-7762
(312) 948-1300
(312) 967-1714
(312) 422-8080
(309) 688-6252

Cali Directory Information

(913) 492-8882
(502) 425-8308
(301) 948-7676
(616) 942-2931
(313) 356-8111
(612) 884-1474
(313} 652-9000
(417) 883-7085
(603) 889-5238
(609) 795-56900
(201) 845-9303
(201) 539-4077
(716) 836-6511
(607) 277-4888
(516) 742-2262
(704) 536-8500
(216) 461-1200
(614) 888-2215
(503} 620-6170
(717) 763-1116
(512) 452-56701
(214) 363-2223
(713) 977-0909
(713) 488.8153
(801) 364-4416
(703) 893-0424
(206} 746-2070
(206) 838-9363
(206} 581-0388
(608) 273-2020
(414) 466-8990

Call Directory Information

Brisbane, Australia 07 221 9777
Perth, Australia Celil Directory Information
Sydney, NSW Australia 29-3753
Brussels, Belgium 43 29 05

Burlington, Canada Call Directory tnformation
Toronto, Cenada Call Directory Information
Winnipeg, Canada (204) 772-9519

Manila, Philippines 58-36-66
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BEFORE YOU BUY COMPUTER 1, WisiT "1

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

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

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

GOMPUTERS
FOR BUSINESS

i (i

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

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

ComputerLand Corp.

14400 Catalina St.

San Leandro, CA 94577

(415) 895-9363

Franchise Opportunities Worldwide.

© ComputerLand Corp., 1978

<«

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

In business, the advent of the
versatile and compact microcomputer has
put the benefits of computing within reach
of small companies. With systems starting
at less than $6000, the businessman can

GOMPUTERS
FOR THE HOME

Computerland’

WE KNOW SMALL COMPUTERS

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

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

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

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

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

ComputerLand Europe
Europa Temassen

8 Rue Jean Engling
Dommeldange, Luxembourg
Phone 43 29 05 Telex 2423
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A Model of the Brain
for Robot Control

Part 1: Defining Notation

The ideas presented in
this article represent the
views of the author and
not those of the Depart-
ment of Commerce or the
National Bureau of Stand-
ards.

Editor's Note:

This month Dr fames
Albus begins an ambl-
tious 3 part serfes about
the brain. His theories,
which evolved out of
control systems theory,
form an fnteresting con-
trast to Ernest W Kent’s
series, "The Brains of
Men and Machines™ in
BYTE for January,
February, March, and
Aprit 1978, We hope
that nonmathematically
orfented readers  will
persevere  through the
mare technical sections
in arder to benefit from
Dr Afbus’s insfghts, . ..
cM

10 June 1979 © BYTE Publications Inc

In order to build a computer model of
the brain for robot control we must start
with a clear understanding of what the
brain is for (ie: its. primary function). If
one examines what most brains do all of
the time, and what our own brains do most
of the time, it is clear that the brain is not
used primarily for thinking.

The brain is first and foremost a control
system, All brains, even that of the tiniest
insect, control behavior. Some brains can
produce very complex behavior, but only
the most sophisticated and highly developed
brains exhibit the phenomenon of thought.
Clearly then, thought is not the central
purpose of the brain, but is, rather, an arti-
fact that arises out of the complex comput-
ing mechanisms required to generate and
control extremely sophisticated behavior.

This implies that would-be brain modelers
should first attempt to understand, and if
possible, reproduce the control functions
and behavior patterns that exist in insects,
birds, mammals, and, in particular, primates.
Only after these control systems are success-
fully modeled can we expect to understand
the mechanisms that give rise to intelligence
and abstract thought in the human brain.

If the brain is primarily a control system,
then any brain model we construct should
control something. One of the most obvious
candidates is a robot manipulator, since it
rather closely resembles a limb, the most
common type of device controlled by the
brain. We shall therefore first develop a
computer model of a basic neurological
structure which can compute control func-
tions for a robot manipulator.

We shall then attempt to demonstrate
how this basic model can be generalized to
compute a broad class of analytic, transcen-
dental, or logical functions and production

James Albus

Project Manager

National Bureau of Standards
United States Dept of Commerce
Washington DC 20234

rules of many multivalued variables. We will
show how this same model can learn, re-
member, and recognize patterns and how
it can be interconnected into a hierarchical
network for generating sensory interactive,
goal directed behavior.

We wi|l suggest how such a hierarchy
might remember experiences, solve problems,
plan tasks, select goals, answer questions,
structure knowledge of the world and events,
and understand and generate music or natural
language. Finally, we will also suggest some
possible experiments and lines of research
that might be pursued by one or more
ambitious personal computer enthusiasts
with limited resources.

The Nature of Computation in the Brain

The brain is, of course, not a single
computer, but rather a network of billions
of individual computing devices intercon-
nected so as to produce coordinated and
unified action. There are millions of photo-
detectors in each eye and thousands of audio
detectors in each ear. The body is embedded
with sensors which detect touch, pressure,
heat, cold, and pain; chemical analyzers that
detect the smell and taste of things; and
sensors that measure the position of joints,
the tension in tendons, and the length and
velocity of contraction of muscles. Inertial
sensors measure roll, pitch, and yaw accel-
erations, and the position of the head with
respect to gravitational attraction; and
hormone detectors, thermosensors, and
blood chemistry analyzers report on the
internal biological condition of the organism.

All of this information is analyzed and
processed in innumerable computing centers
which detect patterns, compare incoming
data with stored expectations, and evaluate

Circle 141 on inquiry card. empe
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the results. In many different ways and at
many different levels this sensory data
stream interacts with the behavior gencrat-
ing system to select goals, modify habits,
and direct the actions of millions ol muscles
and glands to produce what is observed as
behavior.

Perhaps the most obvious feature of the
brain is that many computations are going
on in many different places simultaneously.
The brain does not execute sequential pro-
grams of instructions under control of a
program counter. There is no fetch/execute
cycle. The mathematics of finite state auto-
mata and Turing machines are not well-
suited for describing the basic operations of
the brain. In fact, the fundamental compu-
tations performed in the brain are not even
digital — they are analog. Each neuron in the
brain is essentially an analog computer per-
forming complex additions, integrations,
differentiations, and all sorts of nonlincar
operations on input variables that can num-
ber from one to several hundred thousand.

The brain is a digital device only in that
information is encoded for transmission
from one neuron to another over long trans-
mission lines (called axons) by pulse-fre-
quency or pulse-phase modulation. When
these pulse encoded signals reach their
destinations, they are reconverted into

analog voltages for the computations which
take place in the dendrites and cell bodies
of the receiving ncurons (see ‘“‘Designing a
Robot from Nature” February 1979 BYTE,
page 28).

The brain achieves its incredible precision
and reliability through redundancy and
statistical techniques. Many axons carry
information concerning the value of the
same variable, each encoded slightly differ-
ently. The statistical summation of these
many imprecise and noisy information chan-
nels results in the reliable transmission of
precise messages over long distances. In a
similar way, a multiplicity of neurons may
compute on roughly the samec input vari-
ables. Clusters of such computing devices
provide statistical precision and reliability
orders of magnitude greater than that achiev-
able by any single ncuron. The outputs of
such clusters of ncurons are transmitted and
become inputs to other clusters, which per-
form additional analog computations. Thesc
are the variables we have to deal with and
the computations we have to simulate if we
are to model the brain in any meaningful
way.

To those familiar only with fetch/execute
machines, this may seem an extremely diffi-
cult structure to model. | hope, in the course
of these articles, that some of the difficulties

favo‘nte microcomputer.

‘-f-iﬁfeiféces to TRS-80, Apple I, PET, and others.

Good news! Now, all you need is a standard #2 pencll, a card and our new
MR‘500 mark sense card reader to quickly and easily enter data into your

-'Q-.%;..-AsEaéyasOne Two, Three...

Here's all you have to do. Onel — program the card by marking with the pencil
Two — feed the card into the reader slot. Three — the reader automatically turns
. on,.}hg card is fed through, and data is instantly « er ered;lnto memory. lt (] the
‘f ; e low cost alternative to keyboard data ent;y‘s iRk >

]3-'6!’ ﬂiﬁ@fprs,Small Bus' nesﬁ en,
:-' 2 ' __fm.-pur lg . O
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will be cleared away and the prospects for
building such structures will seem less
dubious.

The Need for Notation

In order to discuss an engineering design
for a robot control system modeled after the
brain, we must first devise a mathematical
convention and notation to bridge the gap
between the structure of the brain and the
structure of currently available computers.
This is essential if we are to describe
behavior precisely and to transiate that
description into a design for circuits and pro-
gram statements to generate behavior in a
computationally concise manner.

Vectors

One way to describe many variables and
deal with many simultaneous multivariant
computations is to use vector notation. A
vector is simply an ordered set, or list of
variables. A vector can specify magnitude
and direction. The vector V in figure 1b has
two components v, along the X axis and v
along the Y axis. The ordered set, or list of
components define the vector so that we can
write V = (v, vy ).

The components of a vector can also be
considered as the coordinates of a point
(Vg vy) which corresponds to the tip of the
vector. The locus of all pairs of components
which can exist defines a vector space (for
two dimensions the vector space is a sur-
face). A vector can have more than two

(d/) ; |
4| ~-a
2 Ny o3
'1//V | vy
5 rd
= <
7% Vo
/, ~2
i

Figure 1: Defining space
with vectors. A vector is
an ordered list of variables
which defines a point in
space; (a), (b), (c), and (d)
depict vectors representing
1, 2, 3, and 4 dimensions,
respectively. The number
of dimensions in the space
is equal to the number of
variables in the list. (The
illustration in (d) is nieant
only to be symbolic of a
four-dimensional  vector,
which cannot be visualized
in three dimensions.)

Circle 98 on inquiry card.

Now,abook
for the practicing
professional...

““This is the best handbook of data
communications system technology
that this reviewer has yet
enconntered.” — Arvid G. Larson in
ACM Computing Reviews,
February 1978

Digital Press announces the
publication of TECHNICAL
ASPECTS OF DATA COMMUNI-
CATION by John McNamara.

Written for the practicing pro-
fessional, TECHNICAL ASPECTS
OF DATA COMMUNICATION
details the nuts-and-bolts prob-
lems and solutions in configuring
communications systems. It
features: * comparison of protocols
(DDCMP, BISYNC, SDLC) ¢ exten-
sive explanation of interface stand-
ards (CCITT/V.24, RS232C, RS422,
RS423) » six comprehensive
appendices (how far/how fast?,
modem options, codes, UART,
format and speed table for asyn-
chronous communication, chan-
nel conditioning) ¢ 20 milliampere
loop ¢ telephone switching
systems ¢ error detection

* 382 pages * 125 figures * 70
pages of tables ¢ index ¢ hardcover

A
I

Digital Press Cs
Educational Services

Digital Equipnwnt Corp.

Crosby Drive. Bedford. MA 01730

I would like to order

copies of |

TECHNICAL ASPECTS OF DATA
COMMUNICATION at $19.95* per copy.
[ Check enclosed O Money order enclosed

*Plus $1 for postage and handling {
Name I
Address |
City State Zip I

Prices apply in U.S. only
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Figure 2: If, as time progresses, one or more of the components of a vector W
change, the vector will move through space, tracing out a trajectory T,
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Figure 3: If the ordered list of variables which define a vector includes time,
the space defined by the vector will have time as one of its axes. As time
progresses the vector will move along the time axis. If none of the other
variables is time dependent, the trafectory will be a straight line parallel to the
time axis, as in (a). If any of the other variables change with time, the trajec-
tory will be some curve with a component along the time axis as in (b).
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components. A vector with three com-
ponents defines a volume (figure 1c), and a
vector with four or more components
defines a hyperspace (figure 1d). A hyper-
space is impossible to visualize, but is a very
useful concept for our discussion.

A vector in a higher dimensional space
can usually be visualized as a projection onto
a lower dimensional space. For example,
typical mechancial drawings portray front,
side, and top views of a three-dimensional
form projected onto a two-dimensional sheet
of paper. Each projection can either
illustrate a cut through the object at a partic-
ular plane along the projection axis, or a
superposition of all the salient features of
the object collapsed into the plane of the
illustration. In the collapsed version, the fact
that two points or lines intersect in the pro-
jected image does not necessarily mean that
they coincide or intersect in the higher
dimensional space — they may simply lie
behind each other along the projection axis.
The projection operator ignores variable
differences which correspond to distance
along the projection axis.

It is not necessary to make the projection
axis coincident with any of the coordinate
axes. For example, in the oblique projection
(perspective drawing) of figure 1c, the pro-
jection axis (the normal line to the paper
through the origin of the coordinate system)
is not aligned with any of the coordinate
axes. The lines in the drawing represent the
projections of lines in a three-dimensional
space onto the two-dimensional surface of
the paper. In a similar way we can project
higher dimensional vectors and hyperspaces
of any dimension onto a two-dimensional
drawing. Figure 1d illustrates a four-dimen-
sional vector projected onto a two-dimen-
sional drawing.

States and Trajectories

A vector can specify a state. This is the
primary use we shall make of vectors in this
discussion. A state is defined by an ordered
set of variables. For example, the state of
the weather might be characterized by a
state vector W = (w;, wo, w3, wy) where:

w = temperature,

W, = humidity,

w3 = wind speed,

w, = rate of precipitation.

Now the weather, like many things, is
not constant. It varies with time. Each of the
state variables (temperature, humidity, wind
speed, and rate of precipitation) is time de-
pendent. Thus, as time passes, the point
defined by W! will move through the four-



dimensional space. Figure 2 illustrates the
locus of the point traced out by W as it
moves to define a trajectory T, .

It will often be convenient to represent
time explicitly in our notation. We can
easily do this by simply adding one more
variable, time (t), to our state vector, thus
increasing by one the number of dimen-
sions in the space defined by the state
vector. Forexample W = (wq, wp, w3, wy, t).

As time progresses, any point defined
by the state vector moves along the time
axis. A state vector whose w; components do
not vary with time will now trace out a
straight line trajectory, parallel to the time
axis as shown in figure 3a. If, however, any
of the w; components is time dependent,
the state trajectory will contain velocity
components that are orthogonal, as well as
parallel to the time axis, as shown in figure
3b.

If we project the state space of all the
variables except time onto a two-dimensional
surface, we can represent the passage of time
by the motion of this two-dimensional plane
along the time axis normal to it, as in figure
4. The state trajectory T, is the locus of
points traced out by the state vector as time
passes.

A large variety of things can be repre-
sented as vectors. For example, we can
represent an ASCI| character as a vector
(figure 5). The ordered set of binary digits
in the ASCII representation corresponds to
the components of a binary vector. Each
symbol in the ASCII alphabet is uniquely
paired with a vector in an eight-dimensional
hyperspace. Each symbol thus corresponds
to a point in the hyperspace.

This is an important concept, because it
allows us to define any set of symbols as
vectors or points in hyperspace. Any string
of symbols then becomes a trajectory
through the hyperspace. For example, the
string of symbols, “the cat chased the rat,”
can be described as a trajectory through a
hyperspace defined by any set of variables
defining the English alphabet (plus a blank
character). This also applies to the string
WXYZ when:

W is the command: Reach to Position A;
X is the command: Grasp;
Y is the command: Move to Position C;
Z is the command: Release.

We need not restrict ourselves to binary
vectors. Symbols may be represented by
vectors with continuously variable compo-
nents as well. This allows us to introduce the
concept of fuzzy symbols. If the hyperspace
is continuous, then each point which cor-
responds to a symbol has some neighbor-

About the Author:

Dr fames § Albus worked for NASA from 1857 to 1972 designing
opfical and electronic subsystems for over 15 spacecraft, and for one
year managed the NASA Artificial Intelligence Prograrm. Since 1973 he
has been with the Nationa! Bureau of Standards where he has received
several awards for his work In advanced computer control systems for
industrial robots, He has written a survey article on robot systems for
Scientific American (February 1976) and his Cerebellar Model Arith-
metic Computer won the Industrial Research Magazine /R-T00 Award
as one of the 100 most significant new products of 1875,

Ts

— TIME

t=0 t=1 t=2 t=3

Figure 4: If the vector space defined by all of the vector components except
time is projected upon a two-dimensional surface, then the passage of time
can be represented as the movement of the two-dimensional surface along the
time axis normal to it.

a=1{1,0,0,0,0,1,1,1)

— by

A=1(1,0,0,0,0,0,1,0)

bg

Figure 5: A vector can represent a symbol. Here two symbols from the
ASCIl character set, an uppercase A and a lowercase a, are represented
as vectors (or points) in an eight dimensional space. The values of the eight
bits in the ASCII code are plotted along the eight axes, (b8 is the even parity
bit.)

june 1979 © BYTE Publications Inc 15



Figure 6: Each point in
hyperspace, corresponding
to a particular symbol
such as a or e, has some
neighborhood of points
around it which are closer
to it than to any other
symbol. Variations from
the exact, or ideal posi-
tion of a symbol vector
may derive from noise in
a transmission channel or
from differences between
the observed symbol and
the ideal.

Figure 7: Functions can be
expressed in a number of
different ways. Here the
functional relationship be-
tween Y and X is ex-
pressed as an equation and
a graph.
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hood of points around it which are much
closer to it than any other symbol’s points.
This is illustrated in figure 6. We may view
the points in such a neighborhood in one of
two ways:

1. The difference between the neighbor-
hood points and the exact symbol
point derives from noise on the chan-
nel transmitting variables denoting
the vector components. This is use-
ful in signal detection theory, where
the detection of a vector within some
neighborhood of a symbol vector cor-
responds to the recognition of that
symbol against a noisy background.

2. The difference from the exact symbol
derives from distortions or variations
in the symbol itself. This makes the
best sense if the components of the
symbol’s vector are values of attributes
or features of the symbol, rather than
arbitrary digits as in the ASCI| con-
vention. In this case, a neighborhood
of points corresponds to a cluster of
feature vectors from a symbol set
which are not identical, but very
nearly so.

For example, a vector of features from the
printed character e will be slightly different
for each instance of that symbol on a page

y
21
18
15
12
9
6 Y=2x2+3x+6
-3
S

-EXACT SYMBOL
4]

NEIGHBORHOOD
OF o

due to variations in the paper on which it is
printed. However, if these e feature vectors
fall in compact clusters far from the feature
vectors of other symbols, the letter e will
be easily recognized, despite the fact that no
two specimens are exactly alike.

This is a fundamental concept in pattern
recognition theory. Hyperspace is parti-
tioned into regions, and the existence of a
feature vector in a particular region cor-
responds to the recognition of a pattern or
symbol. By definition, the best set of fea-
tures is the one that maximizes the separa-
bility of pattern vectors. In the design of
pattern recognizers it is important to select
a set of features which is easily measured
and which produces widely separated and
compact clusters in feature space.

Functions and Operators

In the physical world, functions are usual-
ly defined as relationships between physical
variables. For example, we could say that
climate over a particular geographical region
is a function of the heat input, the prevailing
wind conditions, and other factors, or that
the seasons are a function of the position
and orientation of the earth relative to the
sun. Similarly, we may say that the level of
hunger we experience is a function of the
signals on nerve fibers reporting on the state
of the stomach, chemistry of the blood, the
time of day as indicated by internal biolog-
ical rhythms, and so on.

In mathematics a function defines (and is
defined by) a relationship between symbols
that can sometimes be set in one-to-one cor-
respondence to physical variables. As in the
physical world, a function usually implies a
directional relationship (eg: the relationship
between cause and effect has a direction
which flows from cause to effect). In tra-
ditional terms a function may be expressed
as an equation, such as:



y = f(x)

which reads: y equals a function f of x.
The function:

y=2x2+3x+6

is a relationship between y and x.

Functions can also be expressed as
graphs. Figure 7 is a plot of the equation
y = 2x2 + 3x + 6. Functions may sometimes
be defined by tables. The table in figure 8a
defines the Boolean AND function Z =X-Y,
This function can also be drawn as a circuit
element (see figure 8b) which performs the
AND function on two inputs.

Tables can also be used to define non-
Boolean functions. Tables of logarithms or
trigonometric functions are good examples
of this. Of course, a table defines a contin-
uous function exactly only at the discrete
points represented in the table. Thus, the
accuracy of a continuous function repre-
sented by a table depends on the number
of table entries (ie: the resolution on the
input variables). Accuracy can, of course,
be increased by interpolation techniques.
In general, the number of entries required
to compute a function by a table lookup is
proportional to RN, where R is the resolu-
tion of each input variable, and N is the
number of input variables. This exponential
increase in size of the table required is the
principal reason that multidimensional func-
tions are seldom computed by table lookup.

Modern mathematics often expresses
functional relationships in terms of mappings
from a set of states defined by independent
variables onto a set of states defined by de-
pendent variables. In one notation, this is
expressed by the string f:

f: C= E

which reads, “f is a relationship which maps
the set of causes C into the set of effects E.”
It means that for any particular state in the
set C, the relationship f will compute a state
in the set E, This is shown in figure 9.

We have already shown that states can be
denoted by vectors and sets of states by sets
of points in vector hyperspaces. Thus, the
notion of a function being a mapping from
one set of states to another naturally
extends to a mapping of points in one vector
hyperspace onto points in another.

Suppose, for example, we define an oper-
ator h as a function which maps the input
S = (sy, s9, s3, . . . SN) onto the output
scalar variable p. We can write this as:

p=h(S)
or
p=h(sy,so,...5N)

X- _
. — 7
y— —

(a) (b) fc)

Figure 8: Functions can also be expressed as tables and circuits. Here the
Boolean function Z = X * Y is expressed as a table, a circuit, and an equation.
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SET OF CAUSES SET OF EFFECTS

Figure 9: A function can also be expressed as a mapping from one set onto
another. Here the function F maps the set of causes C onto the set of effects
E such that for every cause in C there is an effect in E. In our discussion we
will be concerned only with single valued functions such that there is only
one effect for each cause. We will, however, allow more than one cause
to have the same effect (ie: more than one point in C can map onto the
same point in E).

Figure 10: We will define 5,
the operator h as a func- . |
tion which maps the input ?
vector S into the output $q s " —°
scalar variable p. .
Sn
— ]
£ - o hyF—= P
Ih2|. - pz
S —p
. | J
: |

SN |

Figure 11: We will define the set of operators H = (h h{' ) as a func-

tion which maps the input vector S into the output vector
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INPUT SPACE

P3

Py

OUTPUT SPACE

Figure 12: The operator H maps every input vector S in input space into an
output vector P in output space. H thus maps the trajectory Ts into the

trajectory T .

Figure 13: A multivariable
servomechanism. The ref-
erence, or command input
is the vector C consisting
of the variables s; thru s,
The feedback is the vector
F consisting of sensory
variables s;.; thru sy. The
function H computes an
output vector P consisting
of p; thru p, which drive
actuators and thus affect
the physical environment.
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We can also draw the functional operator
as a circuit element or “black box" as in
figure 10. (A black box is an engineering
concept sometimes used to depict a process
with inputs and outputs. The viewer sees the
effects on the output of changes to the
input, but the internal workings of the
process remain hidden in a black box.)

If we assume that we have L such oper-
ators, hq, h,, .. . hg, each operating on the
input vector S in figure 11, we have a map-
ping:

H:S>PorP=H (S)

where the operator H = (hy, hy, . .. hy)
maps every input vector S into an output
vector P. Now since S is a vector (or point)
in input space and P is a vector (or point) in
output space, we can represent the function
H as a mapping from input space onto
output space, as shown in figure 12.

For the purposes of our discussion we
require that both the input and output space
be bounded and that each S will map into
one and only one P. Several different S
vectors may map into the same P vector,

(2]
e s o

Si+y
.

however. Of course, if any of the variables
in S are time dependent, S will trace out a
trajectory T, through input space. The oper-
ator H will map each point S on T; into a
point P on a trajectory LI in output space.

Goal Seeking Control Systems

We are now ready to consider the struc-
ture of control systems for sensory inter-
active, goal directed behavior. The simplest
form of goal seeking device is the servo-
mechanism. The setpoint, or reference
input to the servomechanism, is a simple
form of command. Feedback from a sensing
device, which monitors the state of the out-
put or the results of action produced by the
input, is compared with the command. If
there is any discrepancy between com-
manded action and the results, an error
signal is generated which acts on the out-
put in the proper direction and by the prop-
er amount to reduce the error. The system
thus follows the setpoint, or, put another
way, it seeks the goal set by the input
command.

Now almost all servomechanism theory
deals with a one-dimensional command,
a one-dimensional feedback, and a one-
dimensional output. Our vector notation
will allow us to generalize from this one-
dimensional case to the multidimensional
case with little difficulty.

Assume we have the multivariable servo-
mechanism shown in figure 13. The function
H operates on the input variables in S and
computes an output P = H(S). Note that we
have partitioned the input vector S into
two vectors: C= (51,55 .., 5,0...,0)and
F =1(0,...0, 541, ... 5y); such that S = C+F.
Ifi=1,N=2,L=1,and H computes some
function of the difference between C and F,
we have a classical servomechanism.

In our more general case C may be any
vector, and in some cases it may be a sym-

ACTUATORS

PHYSICAL N\
ENVIRONMENT
(EXTERNAL /
WORLD)

FEEDBACK
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bersonal comput

In California, a store owner charts sales on his Apple
Computer. On weekends though, he totes Apple home to help
plan family finances with his wife. And for the kids to explore
the new world of personal computers.

A hobbyist in Michigan starts a local Apple Computer
Club, to challenge other members to computer
games of skill and to trade programs.

Innovative folks everywhere
have discovered that the era of the
personal computer has already
begun—with Apple.
Educators and students use
Apple in the classroom. Business-
men trust Apple with the books.
Parents are making Apple the newest
family pastime. And kids of all ages
' are finding how much fun computers can
be, and have no time for TV once they've discovered Apple.

Visit your local computer store
The excitement starts in your local computer store. It's a

Circle 15 on inquiry card.

-

friendly place, owned by one of your neighbors. He'll show
you exactly what you can use a personal computer for.

What to look for

Your local computer store has several different brands
to show you. So the salesman can recommend the one that
best meets your needs. Chances are, it will be an Apple
Computer. Apple is the one you can program yourself. So
there’s no limit to the things you can do. Most important,
Apple’s the one with more expansion capability. That
means a lot. Because the more you use your Apple, the
more uses you'll discover. So your best bet is a personal
computer that can grow with you as your skill and
involvement grow. Apple’s the one.

It’s your move

Grab a piece of the future for yourself. Visit your local
computer store. We'll give you the address of the Apple
dealer nearest you when you call our toll-free number.
Then drop by and sink your teeth into an Apple.

800-538-9696. In California, 800-662-9238.




\
1 \\
$ |
/ ! \‘ \ N
1 [y \\
} \
/ ot & N 83 INPUT SPACE
f A
/ S ) S : AR
1, AY
/ { ‘\ \ \
i "\
] | M \
/ 1 {:/ k N \
! 2
\ o v F F3\ \ }
e 1 Y, — T,
~— # . s
\‘§ o \‘ e
IH \‘H \H a
K N _i_ —7 p3 )
, - p! —= Tp
\_ OUTPUT SPACE - Y

N—— e

Figure 14: A stationary C vector establishes a setpoint, and as time progresses
the feedback vector varies from F! to F2 to F3. The S vector thus traces out a
trajectory T The H operator computes an output P for each input S and so
produces an output trajectory T The result is that the input command C is
decomposed into a sequence of output subcommands P!, P2, P3,
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Figure 15: If the command vector C also changes from time to time, it will
trace out a trajectory T ¢
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bolic command. The feedback vector may
contain information of many different types.
It may simply report position or velocity of
the controlled outputs, but for a compli-
cated system such as a robot manipulator or
the limb of an animal, it may also report
the resistance to movement by the environ-
ment, the inertial configuration of the
manipulator structure, and other parameters
relevant to the problem of making rapid and
precise movements.

Figure 14 illustrates the situation when a
stationary command vector C establishes a
setpoint, and as time progresses the feedback
vector F varies, creating an input trajectory
T,. The H operator computes an output
vector for each input and so produces an
output trajectory T,. The variation in F
may be caused by external forces imposed
by the environment, or by actions produced
by the output, or both. One or more of the
variables in the feedback vector F may even
be taken directly from the output vector
P. In the latter case the H operator becomes
the transition function for a finite state
automaton. In any of these cases the result
is that a single command vector C produces
a sequence of output vectors Tp. The pro-
cess is driven by the sequence of feedback
vectors F1, F2, F3. The superscript FK
denotes the vector F at time t;..

The sequence of operations illustrated in
figure 14 can also be viewed as a decomposi-
tion of a command C into a sequence of sub-
commands P1, P2, P3_ The vector C may be
a symbol standing for any number of things
such as a task, a goal, or a plan. In such
cases the output string P1, P2, P3 represents
a sequence of subtasks, subgoals, or subplans,
respectively.

Whether figure 14 is a servomechanism
or a task decomposition operator, there are
many practical problems concerned with
stability, speed, gain, delay, phase shift, etc.
in our notation these are all embedded in
the H functions. If the H functions are
correctly formulated and defined over the
entire space traversed by the S input, then
the output Tp will drive the physical actua-
tors in such a way that the goal is achieved
(ie: the error between the command C and
the result P is nulled) and stability is main-
tained under all conditions.

Servomechanisms are, of course, only the
simplest form of sensory interactive, goal
seeking devices. By themselves they are cer-
tainly not capable of explaining the much
more complex forms of goal seeking com-
monly associated with purposive behavior
in biological systems. However, when con-
nected together in a nested {or hierarchical)
structure, the complexity of behavior
in feedback control systems increases
dramatically.



Hierarchical Control

Assume that ‘the command vector C in
figure 14 changes such that it steps along
the trajectory T, as shown in figure 15. The
result is that the sequence of input com-
mands C! , C2, C3, followed by the sequence
C4, C5 produces the sequence of output
vectors P!, P2, P3, P4, P>, In this case the
subsequence P!, P2, P3, is called by the
commands C', C2, C3 and driven by the
feedback F1, F2, F3. The subsequence
P4, P5 is called by C*, C° and driven by
F4,F5, etc.

If we now represent time explicitly, the
C, F, and P vectors and trajectories of
figure 15 appear as shown in figure 16. The
fact that C remains constant while the feed-
back changes from F! to F2 to F3 means
that the trajectory T, is parallel to the time
axis over that interval. The jump from C1,
C2, C3 to C4, C5 causes an abrupt shift
in the T trajectory in the time interval
between F3 and F4.

Note that each instant can be represented
by a plane (or set of coplanar regions) perp-
endicular to the time axis. Each plane con-
tains a point from each trajectory and rep-
resents a snapshot of all the vectors simul-
taneously at a specific instant in time.

We are now ready to consider a hierarchy
of servomechanisms, or task decomposition
operators, as shown in figure 17a. Here the
highest level input command C, is asymbolic
vector denoting the complex task (ASSEM-
BLE AB). Some of the components in C,
may denote modifiers and arguments for the
assemble task. The subscript C; denotes the
C vector at the k" level in the hierarchy.

Note that in figure 17 vectors are not
repeatedly drawn for each instant of time
during the trajectory segments, when they
are reasonably constant. Thus, C, is shown
only at the beginning and end of the tra-
jectory segment labeled (ASSEMBLE AB).
C, is shown only at the transition points
between (REACH to A), (GRASP), (MOVE
TO C), etc. It should be kept in mind,
however, that H, computes P, continuousty
and produces an output at every instant of
time, just as H, computes Py.

The feedback F, may contain highly
processed visual scene analysis data which
identifies the general layout of the work
space, and thereby determines which output
vectors P, (and hence which simple task
commands Cj) should be selected and in
which order. F4, may also contain data from
P, and P; which indicates the state of com-
pletion of the decomposition of C4. Fy4
combines with C, to define the complete
input vector S,. The H, operator produces
an output vector P, = Hy (S4).

Text continued on page 24
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Figure 16: When time is represented explicitly, the vectors and trajectories of
figure 15 become as shown here. In this example, the C vector remains
constant from time t = 1 to t = 3 and then jumps to a new value for t = 4 and

t=>5.
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the
microcomputer
people®

Computers don’t make a
computer store, PEOPLE do. Our
people have been involved with
microcomputers since day one.
We offer experience and
expertise unparalleled in the
microcomputer industry. Whether
you are in the market for a
complete system, peripherals,
custom software, service, or just
some friendly advice; there simply
is no other place to go.
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cook up all your favorites.

Now, we're cooking. Our boys in the lab have turned
circuit chefs these past three months to create a smorgas-
bord of deliciously assembled boards to support your
APPLE II7 TRS-80 or S-100 bus systems. Feast your eyes
on our monstrous selection in the menu below. Then, order
enough to satisfy your hunger for experimentation for
months to come. Contact your local computer store, or call
us direct. Bon appetit!

California Computer Systems —
309 Laurelwood Road -Santa Clara, CA
(408) 988-1620 - 95050
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Text continued from page 21:

At least part of the output P, becomes
part of the input command vector C5 to the
next lower level. Cy is also a symbolic vector
which identifies one of a library of simple
task commands together with the necessary
modifiers and arguments. As the feedback
F4 varies with time, the input vector S,
and hence the output vector P4, move along
a trajectory generating a sequence of simple
task commands at C3 such as (FETCH A),
(FETCH B), (MATE B TO A), (FASTEN B
TO A), etc. as shown in figure 17b.

Feedback at F4 may identify the position
and orientation of the parts A and B, and
also carry state sequencing information from
outputs Py and P,. As F5 varies with time, it
drives the input S3 (and hence P3) along a
trajectory generating a sequence of elemental
movement commands at C, such as
(REACH TO A), (GRASP), (MOVE TO C),
(RELEASE), etc.

Feedback at F, may contain information
from proximity sensors indicating the fine
positioning error between the fingers and the
objects to be manipulated, together with
state sequencing information derived from
P, and P,. The operator H, produces P,,
which denotes the proper velocity vectors
C, for the manipulator hand in joint angle
coordinates.

Feedback F, also provides joint angle
position data necessary for the coordinate
transformations performed by H,. P,
provides reference, or setpoint commands,
C, to the servomechanism operator H,.
F, provides position, velocity, and force
information for the traditional servocom-
putations. The output P, is a set of drive
signals to the actuators.

Feedback enters this hierarchy at every
level. At the lowest levels, the feedback is
unprocessed (or nearly so) and hence is fast
acting with very short delays. At higher
levels, feedback data passes through more
and more stages of an ascending, sensory
processing hierarchy. Feedback thus closes
a real time control loop at each level in the
hierarchy. The lower level loops are simple
and fast acting. The higher level loops are
more sophisticated and slower.

At each level the feedback vector F
drives the output vector P along its trajec-
tory. Thus, at each level of the hierarchy,
the time rate of change of the output vector
P; will be of the same order of magnitude as
the feedback vector F;, and considerably
more rapid than the command vector C;.
The result is that each stage of the behavior
generating hierarchy effectively decomposes
an input task represented by a slowly chang-
ing C; into a string of subtasks represented
by a more rapidly changing P;.

At this point we perhaps should em-
phasize that the difference in time rate of
change of the vectors at various levels in
the hierarchy does not imply that the H
operators are computing slower at the higher
levels than at the lower. We will, in fact,
assume that every H operator transforms
S into P with the same computational delay
At at all levels of the hierarchy. That is:

P; (1) = H; (S; (t—At)) or PE = H; (S¥7)

at every level. The slower time rate of
change of P vectors at the higher levels
stems from the fact that the F vectors driv-
ing the higher levels convey information
about events which occur less frequently. In
some cases certain components of higher
level F vectors may require the integra-
tion of informaion over long time intervals
or the recognition of symbolic messages
with long word lengths.

When we represent time explicitly as in
figure 17, we can label the relatively straight
segments of the T_ trajectories as tasks and
subtasks. Transitions between the subtasks
in a sequence correspond to abrupt changes
inT,.

If we do not represent time explicitly,
the relatively constant C vectors corre-
spond to nodes, as in figure 15. The result-
ing tree structure represents a classical
AND/OR decomposition of a task into
sequences of subtasks, where the discrete
C; vectors correspond to OR nodes and
the rapidly changing sequences of P,
vectors become sets of AND nodes under
those OR nodes.

Intentional or Purposive Behavior

Figure 17 illustrates the power of a
hierarchy of multivariant servomechanisms
to generate a lengthy sequence of behavior
which is both goal directed and appropriate
to the environment. Such behavior appears
to an external observer to be intentional,
or purposive. The top level input command
is a goal, or task, which is successively
decomposed into subgoals, or subtasks,
at each stage of the control hierarchy
until at the lowest level output signals
drive the muscles {or other actuators)
producing observable behavior.

To the extent that the F vectors at the
various levels contain sensory information
from the environment, the task decomposi-
tions at those levels will be capable of re-
sponding to the environment. The type of
response to each F vector depends on the H
function at that level. If the F vector at any
level is made up solely of internal variables,

Text continued on page 28
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Extended Disk BASIC ROM.
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text editor.
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Figure 18: Around each trajectory representing an ideal task performance
there exists an envelope of nearly ideal trajectories which correspond to suc-
cessful, but not perfect, task performance. If the H functions are defined
throughout these envelopes so as to drive the system back toward the ideal
whenever it deviates, then the trajectory will be stable and task performance
can be successful despite perturbations and unexpected events.

- rs5

_.,Tsz

_.,TSI

ERROR IN S,

Figure 19: If the H functions at the lower levels are sufficiently well defined,
small perturbations from the ideal performance can be corrected by low
level feedback without requiring any change in the command from higher
levels.

- Ts,

—_—

ERROR IN S,

-.Ts|

e ERROR IN S,

Figure 20: If the lower level H functions are not adequately defined, or if
the perturbations are too large for the lower level to cope, then feedback to
the higher levels produces changes in the task decomposition at a higher level.
The result is an alternative strategy.
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Text continued from page 24:

then the decomposition at that leve! will be
stereotyped and insensitive to conditions in
the environment.

Whether or not the hierarchy is driven by
external or internal variables, or both, the
highest level input command commits the
entire structure to an organized and coor-
dinated sequence of actions which under
normal conditions will achieve the goal
or accomplish the task. The selection of a
high level input command in a biological
organism thus corresponds to an intent
or purpose, which, depending on circum-
stances, may or may not be successfully
achieved through the resulting hierarchical
decomposition into action.

Obtaining Successful Performance

The success or failure of any particular
task performance, or goal seeking action,
depends on whether or not the H functions
at each level are capable of providing the
correct mappings so as to maintain the
output trajectory within a region of success-
ful performance, despite perturbations and
uncertainties in the environment.

At all levels, variations in the F vectors
due to irregularities in the environment
cause T, trajectories to vary from one task
performance to the next. This implies that
while there may exist a set of ideal trajec-
tories through S and P space at each level
of the hierarchy corresponding to an ideal’
task performance, there also must be an en-
velope of nearly ideal trajectories which cor-
respond to successful, but not perfect,
task performance. This is illustrated in
figure 18.

The H functions must not only be de-
fined along the T, trajectories corresponding
to ideal performance, but also in the regions
around the ideal performance. Consequently,
any deviation from the ideal is treated as an
error signal which generates an action de-
signed to restore the actual trajectory to
the ideal, or at least to maintain it within
the region of successful performance.

Small perturbations can usually be cor-
rected by low level feedback loops, as shown
in figure 19. These involve relatively little
sensory data processing, and hence are fast
acting. Larger perturbations in the environ-
ment may overwhelm the lower level feed-
back loops, and require strategy changes at
higher levels in order to maintain the system
within the region of successful performance.
This is illustrated in figure 20. Major changes
in the environment are detected at higher
levels after being processed through several
levels of pattern recognizers. This produces
differences in the F vector at the higher level
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Figure 21: The command
and control hierarchy pro-
posed by Tinbergen to
account for the behavior
of the male 3 spined
stickleback fish. The heavy
line indicates the particular
type of behavior vector
actually selected by the
feedback shown at the
various levels of the hierar-
chy on the left. This
figure represents a snapshot
in time corresponding to
one of the two-dimensional
surfaces shown in fig-
ure 16.
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which in turn produces different C vectors
to lower levels. The result is an alternative
higher level strategy to cope with the
perturbation. .

Of course, if the H functions do not pro-
vide stability, or if the environment is so
perverse that the system is overwhelmed,
then the trajectories diverge from the re-
gion of successful performance and failure
occurs.

Over-learned tasks correspond to those
for which the H functions at the lower
levels are sufficiently well defined over
a large enough region of input space so as
to maintain the terminal trajectory well
within regions of stability and success with-
out requiring intervention by the higher
levels for strategy modification. Thus, a
highly skilled and well-practiced performer,
such as a water skier, can execute extremely
difficult maneuvers with apparent ease
despite large perturbations such as waves.
His lower level H functions are well defined
over large regions of space corresponding
to large perturbations in the environment.
He is thus capable of compensating for
these perturbations quickly and precisely
so as to maintain successful performance
without intervention by higher levels. Such
a performance is characterized by a mini-
mum amount of physical and mental effort.

We say, ‘"He skis effortlessly without even
thinking.” What we mean is that his lower
level corrections are so quick and precise
that his performance never deviates signifi-
cantly from the ideal. There is never any
need for higher level loops to make emer-
gency changes in strategy. On the other
hand, a novice skier (whose H functions are
poorly defined, even near the ideal trajectory,
and completely undefined elsewhere) may
have great difficulty maintaining a successful
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performance at all. He is continually forced
to bring higher levels into play to prevent
failure, and even the slightest perturbation
from the ideal is likely to result in a watery
catastrophe. He works very hard, and fails
often, because his responses are late and
often misdirected. His performance is erratic
and hardly ever near the ideal.

However, practice makes perfect, at
least in creatures with the capacity to
learn. Each time a trajectory is traversed,
if there is some way of knowing what
mistakes were made, corrections can be
made to the H functions in those regions of
input spaces which are traversed. The
degree and precision of these corrections,
and the algorithm by which they are com-
puted, determine the rate of convergence
(if any) of the learning process to a stable
and efficient success trajectory.

There are many interesting questions
about learning, generalization, and the
mechanisms by which H functions are
created and modified at the various hierarchi-
cal levels in biological brains. However, we
will defer these issues until part 2 (July
1979 BYTE).

Task Decomposition and Goal Seeking

Note that figure 17 illustrates only a
single specific performance of a particular
task. None of the alternative trajectories
which might have occurred under different
circumstances with a different set of F vec-
tors are indicated. These alternatives which
might have occurred can be illustrated in
the plane orthogonal to the time axis.

Figure 21 illustrates the set of alterna-
tive C vectors available at various levels in
the behavior-generating hierarchy of the
male 3 spined stickleback fish. This figure
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represents a snapshot, or single cut through
space orthogonal to the time axis. C,4, the
highest level goal, is survival. The feedback
F, consists of variables indicating water
temperature and depth, blood chemistry,
and hormone levels generated by length of
day detectors. When the hormonce levels
indicate the proper time of year and the
blood chemistry does not call for feeding
behavior, then migratory behavior will be
selected until warm, shallow water is de-
tected. The F, vector will then trigger the
reproduction subgoal.

When C3 indicates (REPRODUCTION),
an F3 vector indicating a red male in the
territory will cause the (FIGHT) command
to be selected to C,. When C, indicates
(FIGHT) and the intruder threatens, a C,
will be sclected, and so on. At each level,
a different feedback vector would select a
different lower level subgoal. For example,
if F5 indicates a female in the territory,
C, will become (MATE), and the type of
mating behavior selected will depend on F.

In simple creatures like the stickleback
fish, the sensory stimuli that produce F,
and F3 vectors which trigger specific be-
havioral trajectories are called innate re-
leasing mechanisms. Innate releasing mech-
anisms and their associated behavioral
patterns have been studied extensively in

a number of insects (ic: the digger wasp
and various bee and ant species), several fish,
and many birds (ie: the herring gull, turkey,
and golden eye drake).

In these relatively simple creatures, be-
havior is sufficiently stereotyped that it can
be described in terms of a small set of be-
havioral patterns triggered by an equally
small set of sensory stimuli. This suggests
that insects, fish, and birds have only a few
levels in their control hierarchies and a small
set of behavior patterns stored as H func-
tions at cach level. It further implies that
there are few externally driven components
in the F vectors at each level. Behavior tra-
jectories are internally driven, with only a
few branch points controlled by sensory
data processed through simple pattern recog-
nizers. The trajectory segments driven en-
tirely by internal variables are called fixed
action patterns, or tropisms. The external
variables which control the relatively few
branch points are the innate releasing mech-
anisms.

In higher animals, behavior is more com-
plex and much less stereotyped. This im-
plies more levels in the hierarchy, more
external sensory variables in the F vectors at
cach level, and hence many more possibilities
for branching of the resulting trajectories.

Figure 22 illustrates a set of trajectories
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Figure 22: A set of T,
trajectories in which there
is opportunity for branch-
ing at many points in
time. If behavior can be
modified by feedback at
many different levels and
in many different ways,
it appears to be adaptive
and flexible. If there are
only a few branch points,
with only a few alternative
actions available at each
branch, behavior will ap-
_ pear stereotyped.
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in which there is opportunity for branching
at several different levels at every step along
each trajectory. At each instant in time the
C vector to any particular level depends
upon what the C and F vectors were to the
next higher level at the previous instant.
Thus, a change in the F vector at any level
causes an alternative C vector to be sent to
the level below. Behavior is continuously
modified at all levels by external variables,
and hence does not appear stereotyped at
all.

Many degrees of freedom place great
demands on the H functions for maintaining
stability and precision of control in such a
large space of possibilities. Since successful
behavior is only a tiny subset of all possible
behaviors, it is clear that most of the poten-
tial branches will lead to disaster unless the
H functions produce actions which steer
the S and P vectors back into the narrow
regions surrounding success trajectories. For
a multilevel hierarchy with sensory interac-
tion at many different levels, this is ex-
tremely complex. However, if the H func-
tions are trainable, then performance can
improve through practice. Complex tasks
can be learned, imitated, and communicated
from one individual to another.

Conclusion

We have now completed the first step in
our development. We have described a hier-
archical computing structure which can
execute goals, or intended tasks, in an un-
predictable environment. We have also

—=Tp

defined a notation by which the behavior of
such a hierarchy can be described clearly and
concisely. We have asserted that the com-
plexity of behavior resulting from such a
control hierarchy depends on four things:

® the number of levels in the control
hierarchy;

® thenumber of feedback variables which
enter each level;

® the sophistication of the H functions
which reside at each level;

® the sophistication of the sensory pro-
cessing systems which extract feed-
back variables for use by the various H
functions.

In part 2 we will describe a computer
model of a neurophysiological structure in
the brain which computes multivariant H
functions. We will then suggest how the
brain might use such structures to learn skills,
remember events, select goals, and plan
future actions.m
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Simple Maze Traversal Algorithms

Sandra and Stephen A Allen This article is a discussion of some solu- Problem Specification

2543 Luciernaga St tions to the problem of traversing a maze.

Carlsbad CA 92008 The algorithms here represent neither an ex- The /EEE Spectrum’s Micromouse Maze
haustive nor a high-powered study of the contest began time trials last June at the
problem, but rather an intuitive approach. 1978 National Computer Conference in Ana-
The ideas reflect our thought processes and heim CA. A mechanical “mouse” (ie: robot)
those of Tony Rossetti in our efforts to com- must find its way under its own power from
pete in /EEE Spectrum magazine's ongoing the entrance of a maze to the exit. Each
Micromouse contest. mouse is given three tries through the maze,

with a time limit on each attempt. The
mouse with the shortest logged time wins
the contest. The solution to the problem,
then, is to find the path through the maze
that yields the shortest time.

An important consideration in finding a

solution is the characteristics of the maze.
RIGHT LEFT The corridors are of uniform width. There
ANGLE ANGLE are only five types of intersections: right
angle; left angle; T; U turn; and mouse-

trap. These are shown in figure 1. There are
no cross-intersections, nor are there any
king’s chambers, which are large vacant areas
in the maze. This simplifies the traversal
algorithms somewhat. Finally, there are
exactly one entrance and one exit on the
perimeter of the maze, but not necessarily
on opposite sides.

TEE U-TURN Characteristics of the mouse should also
be taken into consideration. It must be com-
pletely self-contained, having an on board
computer and any required memory. Since
the mouse must carry its own battery, avail-
able power is a limiting factor.

Easy Algorithms

The criteria used in looking for a solution
were primarily based on the considerations
discussed above. The limited power, pro-
gram space, memory and processor power
were perhaps the most important aspects.
Simplicity was also an important element
Figure 1: Types of intersections allowed in the maze. All intersections are at in order to provide easy modification and
right angles and no cross intersections are allowed. enhancement of the robot.

MOUSE TRAP
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The traversal algorithm that suggests itself
first is the simplest one: each time the robot
encounters an intersection, the rightmost
path is followed. This is the equivalent of
the robot resting its “right hand” on the
right wall of the maze corridor and not lift-
ing it throughout the maze walk (see figure
2). Of course it works in the same way when
taking the leftmost path instead of the right-
most. This algorithm certainly meets the
requirement of simplicity, and the program
is small and uses little memory. [t also guar-
antees a solution, but unfortunately in using
this algorithm there only exists one solution,
so there is no way to take advantage of the
second and third runs through the maze to
significantly improve the traversal time.

The resulting path may be a very long,
roundabout path through the maze. This, of
course, depends on the configuration of the
particular maze. Indeed, the possibility
exists that the path takes more than the
allotted time for the robot to complete. So
the leftmost/rightmost algorithm guarantees
one solution, but has significant disadvan-
tages.

A variation of this algorithm is one in
which, at each intersection, the robot
chooses one of the available paths at ran-
dom. Again, this is an easy and short pro-
gram to implement. It has the important
advantage that a different path is picked
every time through the maze, so that there is
the chance of picking a fairly short path. A
definite drawback, though, is thatnosolution
is guaranteed. The robot may come out the
entrance instead of the exit, or may wander
around in the maze until the allotted time
has run out.

Another slight variation on the leftmost/
rightmost algorithm is the straight-ahead
first algorithm. If, in this algorithm, a
straight-ahead alternative exists at an inter-
section, that path is chosen (otherwise either
the right or left path is taken). Like the
former algorithm, this one is short and
simple, yielding a unique path; however, this
path may not be a solution. This algorithm
can have certain advantages, though. When a
maze has cross intersections and the entrance
and exit are on opposite sides of the maze,
the robot gets close to the exit faster. Also,
for robots which are mechanically faster at
going straight than at turning, this algorithm
can minimize the required turns.

All of the solutions discussed above are
very simple and, except for the random path
algorithm, give only one possible solution
for each maze configuration. Since the
mouse gets three tries through the maze, a
logical next step is to use a different algo-
rithm on cach run. For example, choose the
rightmost path on the first time through, the
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Figure 2: Example of a rightmost, maze walk. At each intersection encount-
ered, the rightmost available path is chosen.
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Figure 4: Example of how
a section of a maze might
be labeled using the tech-
nique shown in figure 3.

Figure 5: Sequence of X,Y
coordinates of all the
intersections visited during
a maze walk. Two short
samples of the leftmost
and rightmost path lists
through a simple maze
section are shown.

leftmost path the second time, and the
straightest path the third time. In this way
the mouse is allowed to take advantage of
having three tries, and perhaps one will
yield a reasonably short time.

Smarter Algorithms

An unfortunate characteristic of mazes
built for a competition of this sort is that
wall-hugging mice (ie: those that don’t
recognize corridors and intersections, but
are built to blindly follow the right or left
wall) are heavily penalized. This means that
the maze probably has a fairly short and
direct path from the entrance to the exit,
but that this path has so many dead-end
offshoots that a wall-hugger ends up cover-
ing a large portion of the maze’s interior
before reaching the exit. This aspect makes
it not such a good idea to use only a right-
most or leftmost algorithm. Rather, it argues
for using an algorithm that can be smart
about picking the path and learning from its
mistakes.

Obviously, the only way the robot can
learn from its mistakes is by remembering
what it did. In this way, the robot can make
a first try through the maze using one of the
simple algorithms discussed before, remem-
bering the path taken. Then the remembered
path can be optimized. This attack gives the
potential for significant time improvement.

Remembering the Path Taken

The most difficult part of remembering a
path taken through the maze is how to re-
present that path in the mouse's memory.
One straightforward way to do this is to
conceptually map the maze onto an X,Y
coordinate grid, picking a convenient origin
(ie: the entrance to the maze) and orien-
tation (ie: forward from the entrance is +X).
Since all intersections of corridors are at
right angles, any movement will be either
parallel to the X axis or parallel to the Y
axis, and will have either a positive or
negative increment. This mechanism pro-
vides a way to uniquely name all inter-
sections in a maze simply by giving the
X,Y pair which specifies the distances from
the entrance at (0,0). See figures 3 and 4 for
examples of naming intersections.

As the mouse visits intersections on its
walk through the maze, it can record in its
memory the X,Y coordinates of each, thus
generating a list of X,Y pairs starting with
(0,0) which uniquely describes the parti-
cular path taken. Figure 5 shows the coor-
dinate lists representing the leftmost and
rightmost paths through the labeled maze
of figure 4.
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rightmost path is shown in gray: in this case the whole loop is neatly by-
passed. The mirror image of the above maze section can be used to argue
similarly for chopping the loop off the rightmost path.
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Optimization

Now that the mouse has a way of remem-
bering the path it takes on the first attempt
through the maze, the next problem is, how
can it find a better (shorter) path for the
second attempt? The main motivation be-
hind optimizing a path is to chop off all
parts of the path that don’t contribute to
getting closer to the exit. That is, remove
any part that had to be backtracked.

The first type of backtracking is that
in which a corridor is a dead end, and the
mouse has to return to the main corridor
to continue. Clearly the time spent negoti-
ating this part of the maze is wasted and
should be omitted. Figure 6 illustrates this
kind of backtrack optimization: every
coordinate pair along the backtracked path
can be deleted from the list. Notice that
this same method works no matter how
long the dead end corridor is {ie: how many
intersections it has).

A second kind of backtracking occurs
when the maze contains a loop or cycle.
The presence of a loop is indicated when the
mouse returns to an intersection that it has
previously visited. The whole traversal of
the loop can be cut out of the maze watk
since that part of the maze is useless and
cannot lead to the exit. Figure 7 illustrates
how it is always the outer edge of the loop
that is traversed. Once an intersection is
revisited, all corridors leading away from
the center of the loop have been already
tried and found to be fruitless (otherwise
the mouse would not have returned to the
loop entrance). And since the exit is along
the perimeter of the maze, no corridor
leading to the inside of the loop could
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possibly reach the exit. Therefore, it doesn’t
matter that these were unexplored, and
every intersection along the loop can be
deleted from the optimized path with no
loss of important information.

Detecting the two different types of
backtracks (straight line and loop) involves
answering the same question: has the mouse
been here before? The handling of both
types of backtracks is also the same too:
delete all of the path history between the
last visit here and this visit, then continue
from there. Up until now, the optimizing
process has been discussed in an “after the
fact” fashion, as if the whole maze walk
path had already been generated from the
start to the finish. However, it can be
much more efficient if the mouse can per-
form these optimizations while it is re-
cording the path.

The actual details of the implemen-
tation are not important here, since they

(0, 40)
(-10, 30} (0, 30!
L B a
Y (0, 20} (10, 20} (20, 200
-
W
X
(10, 5) (20, 5)
(0,0}
(0, 0} (0, 0 (0, 0)
(0, 200 T -» (0,201} (0, 20)
1 —+ (10,20) (10, 201 B (0,30
(10,5} NEXT—» (0, 20) (0,40)
(20.5) A
(20, 20)
NEXT —+ (10, 20
A 8 c

Figure 8: Backtracking checks. Whenever the mouse records the intersection
it is in, it checks backward in the path list to see if it has been here before.
If so, the path list is pared back to that point, and thus the backtracked
path is automatically ‘‘forgotten.’’ For example, in A, the mouse is at inter-
section (10,20), it scans back through its path history and sees that it has
been here before at pointer |. So the NEXT pointer is reset to just after |
and the mouse continues. In B, the mouse again finds that it has revisited an
intersection, and again the NEXT pointer is reset before continuing. In C,
the final, optimized path is shown.
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would depend on the type of microprocessor
used. In general, though, assume that the
intersection X,Y coordinates are stored in the
mouse's memory in a linear fashion (ie:
in an array or list). Furthermore, assume
that there is a pointer into the array or list
indicating where the next coordinate pair
will be stored (ie: NEXT pointer). In this
way, each time the mouse encounters an
intersection and is about to record its
coordinates as the NEXT position in the
path list, it can scan backward from the
NEXT pointer to the beginning of the list,
looking for an occurrence of the same coor-
dinates. If no occurrence is found, this is
the mouse’s first visit here. These coor-
dinates can be recorded at the NEXT posi-
tion in the list, and NEXT can be appro-
priately incremented to prepare for any
successive intersections. !f an occurrence of
the same coordinate pair is found (ie: at
position | in the list), the mouse has been
here before. The easy way to ‘“forget” the
backtracked part of the path (between |
and NEXT) is for the mouse to reset NEXT
to I, then continue normally by incre-
menting NEXT and looking for another
intersection. Figure 8 shows this diagramati-
cally.

Incidentally, if the mouse has relatively
low accuracy motors and sensors, it is pos-
sible to obtain slightly different readings
when encountering an intersection for the
second time. Therefore, when checking to
determine if this intersection has been
visited before, allowances must be made for
the inaccuracies. This is easily accomplished
by checking to see if X[NEXT] is within
plus or minus delta of X[I], and if Y[NEXT]
is within plus or minus delta of Y[!], where
the delta value reflects the amount of pos-
sible deviation, instead of checking for
X[NEXT] = X[1] and Y[NEXT] = Y[I].

Although it may seem that a lot of com-
putation is done while the mouse is running
the maze (and, after all, speed counts), in
fact, the time taken for computation is so
small compared to the time it takes for the
robot to move to the next intersection that
it is hardly noticeable. Another factor which
makes doing the optimization during the run
even more desirable is that the exit of the
maze is not always well defined. This means
that the robot merely passes through a cor-
ridor and trips a light sensor to stop the
timer, and then proceeds to ““fall of the edge
of the world.” This makes it difficult for the
mouse to determine that the maze run is
finished, and that it should now optimize
the recorded path. Optimizing during the
run is certainly cleaner and more efficient.

A suitable way to take advantage of the
backtrack-trimming algorithm would be



THE DIAGNOSIS:

MEDICAL OFFICE MALAISE

Between insurance
forms, Medicare and
Medicaid forms, bills, and
patient records, the typical
medical office today is
swamped with paperwork.
If the sheer volume isn’t
enough of a problem, it is
also essential that all this be

done with speed and
accuracy. It has been
estimated that Doctors and
office staff spend nearly a
quarter of their time
handling paperwork. Until
now, the only alternatives
were either hiring more per-
sonnel or subcontracting

with an outside firm.
Obviously, a medical data
base management system
has great potential for
significantly increasing
office efficiency and freeing
staff for more valuable
duties.

THE CURE:

MED?2 FROM OHIO MICRO SYSTEMS

MED? is a reliable,
debugged program that
generates valuable adminis-
trative reports, bills, aging
account analysis, and
insurance forms. It is the
result of over a year of
design, testing, and
retesting in colloboration
with medical offices. It
features a large on-line
capacity and can be
operated by the existing
office staff. MED2 is
suitable for one person
offices or group practices.
It adapts readily to GP’s,
specialists, dentists, and
medical laboratories.
MED?2 requires a Z80/8080
microcomputer system that
supports CP/M and it is
available on Micropolis
5.25in. and IBM 3740 8 in.
diskettes.

There is a lot to know
about MED2 - more than can
be explained in an ad or
manual. To show you what
MED?2 can do, how to use it,
and why it is configured as it
is, OHIO MICRO SYSTEMS
makes an unprecedented offer
- a FREE two day user’s
seminar (lodging included)
with every MED2 disk. We
believe this is the best way for
you to obtain a thorough
working knowledge of MED2.
You get to see, question, and
evaluate MED?2 with its
designers. The seminar is
comprehensive and includes
information on procedures in
medical offices, customizing
MED?2 for unique situations,
technical aspects of MED2,
and marketing strategies. The
seminar can be a complete
course for an end-user familiar

FREE USERS SEMINAR
WITH EVERY MED2 DISK

with microcomputers, but it is
specifically geared for dealers.
MED?2 provides an excelient
entry for dealers into the large
new marketplace of medical
offices. There is no question
that the need exists. Investing
the time in the seminar will
open the doors to increased
hardware and system sales.

The price of MED2 is
$895. A deposit of $200, which
applies toward the purchase
price, is required for
registration in the seminar. If
you decide to not purchase
MED?2 after the seminar, you
owe no more. Contact OHIO
MICRO SYSTEMS for
seminar dates, registration,
and further information.
Phone (216) 678-5202 or write
to us at 500 South Depeyster,
Kent, Ohio 44240.

OHIO MICRO SYSTEMS

500 S. DEPEYSTER ST. ¢ KENT, OHIO 44240 ¢ (216) 678-5202
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Figure 9: Optimization. If
a leftmost path were to
yield the red path and a
rightmost path were o
yield the gray path, the
common intersections
would be A, B, C, and D.
By taking the shorter path
between each successive
pair of intersections, one
obtains the shortest total
path which has been tra-
versed. Examples of short
paths are the gray path
from A to B, either path
from B to C (since they
are the same), and the red
path from C to D. The
final path is the most
direct and shortest path
through this section of the
maze.

TOTAL LENGTH
=10 UNITS

Figure 10: Turning time considerations. Due to the time it takes for the
mouse to turn in an intersection, evaluations regarding this difference in the
average length traveled per unit time must be made. For example, the mouse
moves one unit of length in one unit of time and it takes two units of time to
turn in an intersection. Then with the mouse starting in position A in each
course, after 12 units of time the mouse has progressed 10 units of length on

|

TOTAL LENGTH
* 12 UNITS

the left and a full 12 units on the right.
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for the mouse to take the rightmost path,
optimizing and recording as it went on the
first attempt, and similarly take the left-
most path on the second try. Now the
mouse has recorded in its memory two
different optimized paths. At the beginning
of the third attempt, each of the two paths
can be measured by a straightforward, length
of corridors sum, and the shorter of the two
optimized paths can be taken on this final
run.

A logical extension of this shorter total
path philosophy is to compare the leftmost
path list to the rightmost path list, finding
all the common intersections. A short total
path can then be composed by joining the
shorter of the path segments between each
common intersection pairs. For example,
cach complete path might go through the
origin, intersection A, intersection B, and
the exit point (perhaps along with many
other different intersections). Then an
optimal path could be made by combining
the shorter path between the origin and
A, the shorter path between A and B, and
shorter path between B and the exit. Con-
ceptually, this is like breaking the maze
down into “‘common denominator’’ sections
and picking the shortest path through each
individual section. And, in fact, this path is
the shortest one which has been traversed
through the maze so far (see figure 9).

However, time is critical, not distance,
and most likely the robot corners more
slowly than it goes straight (see figure
10). So if the shorter path has many turns in
it, and the longer run has few turns, the
shorter path may not necessarily yield the
shorter time for the run. Therefore, a slight-
ly more sophisticated scheme could measure
the paths using a weighted sum (alarger value
for turns than for straightaways), and yield
values which more closely reflect how fast
the robot can negotiate the maze by the
different paths.

Conclusions

The algorithms presented here are by no
means high-powered or devious, but are
more the results of a natural, intuitive ap-
proach to the maze traversal problem. They
are all straightforward and relatively easy to
implement. But even so, they are reliable
and produce solutions which are reasonably
good, especially when compared with the
common wall-hugging tactics.

Clearly, there are still many ways to im-
prove the performance of these algorithms.
More contests like the /EEE Spectrum’s
Micromouse contest will perhaps encourage
investigation in this area and will produce
much more sophisticated approaches and
solutions to the maze problem.»



NorthSkar

"Micro-Computer Products
to Look Up to”

Horizon Disk Capacity
Keeps Growing

The Horizon is now capable of 720K
bytes on-line! The Horizon can connect
to four double density SY4” single-sided
disk drives. Each of those drives can
access 180K bytes of information. A
four drive system accesses 720K bytes!

That's capacity you don't usually find in
a microcomputer, but there’s even
more to come! The North Star disk con-
troller board is designed so that two-
sided disk drives may be added as
soon as they become available from
North Star.

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

New Cabinet
for Disk Drives

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

Pascal Now Available
for Horizon

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

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

Star, with the co-operation of the Uni-
versity of California at San Diego. is
now delivering a Pascal Program De-
velopment system. North Star Pascal is
ideally suited for developing large
programs because of features such as:
long variable names, block-structured
control statements, and compilation.
North Star Pascal is available on 5Ya”
diskettes for use with the Horizon or
Micro Disk System. North Star Pascal
will operate with either the 280 or 8080
microprocessor.

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

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

Now Double Memory
The new North Star 32K RAM board
(RAM-32) has doubled the memory
density of the popular Horizon compu-
ter. Available either with the Horizon or
other $-100bus computers, the RAM-32
runs at full speed—no wait states—
with the 4 MHz Z80A microprocessor
(as well as with slower Z80 and 8080
processors). Addressability of the
RAM-32 is switch-selectable in four 8K
regions.

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

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

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

Upgrade your system with these North
Star products — available for any S-100
computer: Micro Disk System —a
complete 54" floppy disk system, Z80
Processor Board, or the Hardware
Floating Point Board.

Horizon and RAM board prices are:
Kit Assembled

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

4 Atypical Horizon configuration: CRT, Hori-
zon computer, Additional Drive Cabinet
(ADC).

NorthSkar

Computers

2547 Ninth Street
Berkeley, California 94710
(415) 549-0858
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PROVID
POWERFUL

With A New Concept In Documentation

PRS MAKES A
BREAK-THROUGH IN
DOCUMENTATION

Every PRS program comes with a
complete and instructive handbook.
This unique documentation is written
in clear and easy-to-understand
English. PRS offers you a true fluency
in computer-user dialogue.

PRS HAS A

POWERFUL CODE

Powerful code means fast and accu-
rate answers. PRS permeates the de-
sign of its unique code with “human
engineering.” And you'll appreciate
the delicate balance between machine-
human dialogue and resident pro-
gram-space memory.

PRS PROGRAMS ARE
PROTECTED IN A BEAUTIFUL
CASSETTE OR DISK FOLDER
The PRS cassette or floppy disk and
manual for your PRS programs are
protectively nestled in an efficient and
durable gold-imprinted folder. Wher-
ever you file it, in your room or office,
the decor will be enhanced by its
elegance.

PRS SUPPORTS YOUR MAJOR
BRANDS

Over 20 packages are currently avail-
able. For example: Cuts, Xitan, Tar-
bell, TRS-80, Micropolis, North*Star.
Use the order form on the other page
to order your program. Just indicate
your version and the configuration of
your computer. Mail it to us today.
And we will have it fulfilled immedi-
ately by a dealer in your area.

VISIT YOUR NEAREST DEALER
TODAY

Let your dealer demonstrate the excel-
lence of PRS programs. Let him show
you the new concept in PRS documen-
tation. Use the order form to obtain
the names of the dealers in your area.
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PRS EXCITING LINE OF PROGRAMS

O MICROFILE: A NEW
DATAFILE MANAGEMENT
PROGRAM

With PRS MICROFILE you can: Man-
age any list of items. Edit files. Sort
items alphanumerically. Search by
keys. Total columns. Justify columns.
Save and retrieve data with mass stor-
age media.
PRS MICROFILE documentation also
solves one of the major concerns of
beginners. A special chapter explains
how you can interface newly acquired
software with your specific configura-
tion.

PRS gives clear tutorial instructions on
the whole matter of I/O patches. In ad-
dition, you will always find a complete
source listing of the 1/O section of our
programs. PRS makes every effort to
facilitate the implementation of its
software within your particular system.
Cassette $49.95

Floppy Disk $64.95

O DDS il: THE FAMOUS
DYNAMIC DEBUGGING
SYSTEM

DDS Il is incredibly powerful. Al

though designed for microcomputers,

it is even more sophisticated than the
built-in debugging environments sup-
ported by most large main frames.

DDS Il assembles and disassembles all
8080 code. Performs "software open-
heart surgery”, artfully displaying on
the screen all registers, program in-
structions and memory. Simulates
dual screen capability. You can switch
on command from the DDS Il display
to the program output. It's like having
two video monitors for the price of
one. Updates the display while moni-
toring the program. Includes a fuli ar-
ray of monitoring tools.

Cassette $49.95

Floppy Disk $64.95

[0 CORE: AN INDISPENSABLE
“BRAIN-SURGEON"
This PRS program is the TRS-80 Co-

System Monitor—an essential pro-
gram for the TRS-80 level Il.

It permits the user to penetrate and
manipulate the contents of the memo-
ry. It can question the input and output
ports, the CPU registers, control the
mass storage drives and much more.

Here's a partial list of commands: Ex-
amine and modify memory. Display
memory in Hex, ASCIl, or CPU regis-
ters. Enter ASCIl in memory. Fill
memory. Move block of memory. Veri-
fy memory. Locate string. Branch to
routine. Go to and execute (two break-
points available). Hex arithmetic.
Question input ports and command
output ports. Tape Cue, on/off. Read
file in memory (bias available). Write
file from memory. Memory test.
Cassette $38.95

Floppy Disk $64.95

O A2FP: A PLOTTING
PROGRAM FOR APPLE iI
This PRS program is a “modern age”
tool for students, engineers and re-
searchers. A2FP plots 2-dimensional
functions in HIRES graphics. Uses the
full screen (280 x 192 points.) Plots on
Cartesian coordinates. Gives complete
parameters of plotted curves. Super-
imposes plots. Offers many plotting

modes.

Cassette $34.95

O T/PM: A TRANSIENT
PROGRAM MANAGER FOR
THE TRS-80

T/PM is a disk operating system simi-

lar to those used by main frames. It is

written to utilize the full power of the

Z-80 instruction set.

At last, software can now be transpor-
table. Al programs written for the
C/PM system can now be relocated
just once to run on the TRS-80. If a
program is written for the TRS-80 us-
ing T/PM or other CP/M* like DOS,
you can now run that program simply,
without patches.

Floppy Disk $149.95

*Trademark of Digital Research

Circle 308 on inquiry card.



- e e e e e e e e e = S e e e e e e e = e e o e . e = e = .

PRS—THE PROGRAM OF THE
MONTH CORPORATION
257 Central Park West, New York, N.Y. 10024

A RO

)
|
1
]
)
[}
;
SOFTWARE PRICE | QTY. | TOTAL ;
)
1. MICROFILE: A new Data File :
Management System L
[0 Cassette $ 49.95 : / !
O Floppy Disk $ 64.95 ; /717, F
[0 Documentation only | $ 10.00 ¢ .
2. DDS Il The Famous Dynamic i 41 DS @E}
Debugging System L / '
[) Cassette $ 49.95 i ,
O Floppy Disk $ 64.95 oo )
[J Documentation only | $ 10.00 E ﬁ
’ |
3. CORE: The TRS-80 Co-Resident ! ‘l
System Monitor : 1P \
[] Cassette $ 38.95 E '
(] Floppy Disk $ 64.95 :
1
[ Documentation only | $ 10.00 i
]
4. A2FP The APPLE Il Function ;
Plotter H
[0 Cassette $ 34.95 {
{
(0 Documentation only | $ 10.00 !
5. T/PM: The TRS-80 Transient E
Progam Manager 5
[0 Floppy Disk $149.95 !
]
[J Documentation only | $ 50.00 !
]
Send me list of dealers in my area Sub Total :
Check enclosed Less 5% T ’
VISA Master Charge d.pP.S. COD with order '
Account® - . Exp. Date _ N.Y.State :
—= sales tax !
ERpIE — Total E
Signature __ E /
My Computer configuration (specifying disk system) : / y’
i /) ...
—— S a e — e — —_— : 0
! .
I __o S S 1 , "ll(
H i 1/(()[/
Name o L M — ! :
[}
Corporation _ I Telephone____ - :
[}
Address (no P.O. Box) . ——— — e = :
]
0 . o |
City ———e | ______ State_ _Zip__ - = :
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Other fine MicroPro Products include:

Software/Manual Software/Manual
Word-Star ™™ $495/25 Super-Sort™M| $250/25
Word-Master ™M $150/25 Super-Sort™-M | $200/25
Tex-Writer 7™ $ 75/15 Super-Sort Ml $150/25

MICROPRO INTERNATIONAL CORPORATION
1299 4th Street, San Rafael, California 94901
Telephone (415) 457-8990 Telex 340388 Dealer/OEM inquiries invited

“PROFESSIONAL QUALITY SOFTWARE YOU CAN COUNT ON, NOW”

See Demonstrations at NCC. Personal Computing Booth 42
‘CPiM is a trademark of Digital Research Corp.




Cisrcis’s

Circuit Cellae

I wouldn’t want you to get the wrong
idea from photo 1. | haven’t given up com-
puters and taken up telling fortunes. Just
consider the photo as a slightly dramatized
introduction to a topic we've all heard of,
but know so little about: biofeedback. In
layman’s terms, this simply means having
the capability to monitor (in this case
electronically) physiological processes.

There are a variety of devices on the
market referred to as brain wave monitors.
Brain waves are but one of the many sources
of energy categorized under biofeedback.
Their common relationship is that they are
all electrical pulses which run through the
body as a result of brain or muscle activity.
Nerves and muscles within the body generate
clectricity by electrochemical action similar
to that in a battery.

When we want to lift an arm, the brain
sends an electrical pulse to the muscles in
the arm. Proper magnitude and duration of
the signal result in coordinated activity.
The actual energy that is transmitted from
the brain is very small: on the order of a few
hundred microvolts at the most. The most
familiar of these signals is the voltage gen-
erated by the pumping of the heart. A graph
of this voltage versus time is called an electro-
cardiogram (abbreviated EKG or ECG). An
EKG looks like a spiked waveform, with
periodic response equivalent to a heartbeat.
Many individual muscle contractions con-
tribute to a frequency spectrum of 0.1 to
100 Hz, with an amplitude of about 5 mV.

Another group of signals are the voltages
generated using large skeletal muscles like
biceps and triceps. A recording of these
voltages is called an electromyograph or
EMG. Occurring only when the muscles

Hions,

The circuit described
is fntended onlyv for ex-
perimentation with o
unique form of input,
ft should not in any
way be wsed for diag-
nasis af bodily func-

contract, not periodically like the heart,
the frequencies are very low, but the volt-
age is higher: about 5 to 10 mV. Because
of their magnitude, these signals are the
easiest to monitor.

The last important biomedical signal is
composed of very low amplitude voltages
within the brain itself. These are recorded by
the EEG (electroencephalograph). They ex-
hibit both periodic and pulse mode. The 50
UV signals occupy a band that is generally
between 1 and 30 Hz. The signals are further
subdivided into delta, theta, alpha, and beta
waves. These classifications signify activity
in defined frequency bands. Differences in
activity seem to reflect particular personality
tendencies.

Steve Ciarcia
POB 582
Glastonbury CT 06033

Photo 1: This photo simulates a crystal ball reflection to emphasize the con-
trol capabilities associated with this article.
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Figure 1: Differential input instrumentation amplifier configured from multi-
ple, single-ended, operational, amplifier elements.

Copyright © 1979 by Steven
A Ciarcia. All rights reserved.

Monitoring Internal Electrical Activity

Consider the activity within the brain
or the muscles. Each neuron is producing
minute voltages. In combination with the
voltages of billions of other cells involved
in similar activities, the result is fairly
significant. The situation can be compared
to that of a football stadium before, during,
and after a game. A listener outside of the
stadium would not hear the shouts of a
few individuals, but 50,000 people shouting
is quite another story. A further considera-
tion is the progress of the game. Loud noise
coming from a particular section of the
stadium during the game signifies approval.
This same ovation, at the conclusion, can
imply the identity of the winner. Observa-

Table 1: Comparison chart of three different amplification elements.

tion and association are the keys. EKG,
EMG, and EEG readings must be carefully
interpreted.

All of the signals discussed thus far can
be monitored with surface electrodes. When
the biceps is moved, a small voltage which
can be measured will be produced across it
(ie: referenced to some other point on the
body). Monitoring this voltage requires a
special amplifier with extremely high input
impedance and 60 Hz rejection. Care must be
taken to use a device which will not load
the signal being sensed, nor have such a
low signal to noise ratio that one cannot
discern intelligible information. The unique
device which satisfies these requirements is
called an instrumentation amplifier. Any
product which is sold to monitor brain
waves, EKGs, etc will contain an instrumen-
tation amplifier.

Instrumentation amplifiers are often called
differential or data amplifiers. They are
closed loop gain blocks with accurately
predictable input to output response. They
are especially configured to have extremely
high input impedances and common mode
rejection which makes them ideal for ampli-
fying low level signals in the presence of
large common mode voltages. Figure 1
shows the schematic of a typical instrumen-
tation amplifier built from such standard
operational amplifiers as LM301s or 741s.

This common circuit consists of three
op amps. ICa and ICb are inserted as high
impedance input buffers which provide a
differential gain of 1 +2R1/R,,;, and unity
common mode gain. ICc is a unity gain
differential amplifier which combines the
voltages from the other amps. The ratio
of the differential voltage gain of an amp-
lifier to its common mode gain is enhanced

Symbaol
1:
Faadback 2,
Configuration
1
Basic
Applications 2.
3.

Opearational Instrumentation Isolation
Amplifiar Amplifier Amplifier
e i N
User defined feadback such 1. Committed feadback. 1. Committed feedback,
as voltage or currant.
Can be configured to 2. Gain adjustable 2. Gain adjustable
provide dvidt, |Vdt, within fixed limits. within fixed limits.
log V, etc.
Genaral purposae amplifi- 1. High accuracy analog 1. High accuracy analog
cation element. sensa amplifier. sanse amplifier,
Buffar, 2. Analog safety isolator.
Analog computational 3. Pravents ground loops.
element.
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by selecting low feedback resistors to reduce
the effects of input offsets. A problem arises
when selecting matched components to
build this otherwise cheap circuit. Slight
variations in resistors and op amps can make
the difference between a working or non-
working circuit. (More on that subject will
be discussed later.)

EEG and EMG monitoring requires an
instrumentation amplifer because of the
low input levels, but, when used in a bio-
medical application, a further modification
to the amplifier’s internal design is necessary.
The special device is called an isolation
amplifier. Transformers or optical couplers
inside the amplifier block isolate the sense
inputs of the amplifier from the output
circuitry. This means that a 2 uV signal
could be monitored on a 2000 V transmis-
sion line and the output connected directly
to an analog to digital converter input on
your computer. The protection works both
ways. This is why any connections to the
body are done through isolation amplifiers.

An isolation amplifier is to analog signals
as an optoisolator is to digital signals. It
prevents ground loops from the data analysis
equipment (ie: your computer) through the
subject. When the electrodes are attached,
skin contact resistance is very low: only a
few hundred ohms. A leakage current of
just 100 uA can be fatal. Table 1 sum-
marizes the differences between the ampli-
fiers we've discussed.

Choosing an Isolation Amplifier

There have been many articles on the
subject of alpha brain wave and muscle
monitors; some even include circuit diagrams
for construction of the interfaces. The
major thing these articles lack is a caution
about matching components, and the critical
importance of proper layout. The circuit
of figure 1, if breadboarded in the usual
fashion, wouldn’t have a chance of working
on 50 uV levels. Even the testing of a hand-
ful of components to obtain matched pairs
would be useless without concise wiring
and plenty of ground plane shielding to
reduce 60 Hz interference. Personally, |
don’t like to present circuits with so many
strings attached that it takes divine inter-
vention to make them work.

The final most important consideration
in this undertaking is to not get electrocuted
because of sloppy technique. At this point
I'd like to draw the line between this article
and other construction oriented articles. A
cheap method of attaining minimal isolation
is to use batteries to power an instrumenta-
tion amplifier. This sounds fine in theory,
but it is very risky in practice. Too often a

Circle 381 on inquiry card.

¥ VECTOR
PACKAGING SYSTEMS
SAVE TIME & MONEY'

New ANYDIP |||| ], Fi
8804, $21.95

S-100 CARDS
Five models available. Universal tinned buses, pads or
plain. 0.042 inch diameter holes on 0.1 inch grid for
mounting anything anywhere. For interface, memory,
breadboarding.

R681-2 RECEPTACLE FITS 8803 MOTHERBOARD

Model R681-1 has 0.062 inch long 0.025 inch square tails.

VECTOR REA1.2
A N U AR RN AR

LU0 LILGD

TEFZEL* Insulatlon ere Wrapping Tools:

U.S. &
forelgn patents

@® Up to 4X faster.
@ Heavy insulation.
) P184-4T with NiCad
a4, batteries, recharger, 100’
daisy-chain wraps of wire: $105.00.
P184 with 100 feet of wire, $30.00.

BEAUTIFUL VP2 ENCLOSURE—supplied completely

assembled for packaging.
S-100 bosed systems, Clear
aluminum with blue vinyl
finished slide-off sides, top,
and perforated bottom cover ;
heavy chassis plate,
removable (ront and rea
panels, adjustable
connector/Motherboad
III()III“IH(] struts, card

gwides (plastic guides
supphied uninstatted)

VP2, $159.00. VP1,

ciattds mount perpendicalar

to froot, $163.00. BP17-9 accessory back panel, $10.95

Low-noise modei 8803 S-100 Motherboard not shown.
Eleven positions ready for connectors. Glass epoxy,
solder masked etched circuitry for passive and active
termination, twelve tantalum capacitors and
nstructions. $29.50.

*DuPant A
a3 Prices subject to change without notice.

Send for complete data. Packaging systems for other
card sizes and systems, rack mounting are available

VECTOR ELECTRONIC COMPANY, INC.
12460 Gladstone Avenue, Sylmar, CA 91342
telephone (213) 365-9661; TWX (910) 496-15639

ald nmber 627907
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standard power supply is substituted for
the batteries, or a loosely wired component
falls against a live wire on another circuit.

Fortunately we can get both safety and
performance if we don’t assume that every-
thing has to be constructed from scratch,
It is a much better idea to take advantage
of commercially available isolation ampli-
fiers. (You wouldn’t build a 4 bit digital
counter from transistors, would you?) A
perfect choice for this application is the
Underwriters Laboratory approved Analog
Devices 284 isolation amplifier shown in
photo 2. It provides plus or minus 2500 V
isolation, 110 dB common mode rejection,
and a gain of 10 V per volt. For the ex-
perimenter this eliminates building the only
tricky section of the interface. An added
benefit is that the isolation is now an in-
ternal function of the 284) and not a
e ——— function of installation. Since the ultimate
aim of this article is to produce a biofeed-
back interface for a computer, | don’t
want anyone getting injured in the process.

Photo 2: The Analog Devices 284 [ isolation amplifier used in this article.

Biofeedback Computer Interface

Figure 2 is the schematic of a circuit
which is capable of sensing the minute
voltages we've been discussing, and signify-
ing to the computer when a present level has
been attained. This is a bare bones, basic
interface designed specifically for signal
acquisition. It would seem to me that this
is the area which would give most pcople
problems. The circuit consists of an isola-
tion amplifier module, two gain stages, and
a comparator to sensc peak level. The com-
pleted circuit is shown in photo 3.

All connections to the body are done
through M1. The high and low input ter-
minals are attached across the area to be
monitored. !f it is an EKG output, you
should attach the terminals as shown. For
biceps input, these two probes would go
on the upper arm and the guard connected
to the wrist. All leads between the body
and the board must be shielded or 60 Hz
will be all that is seen on the output. Gain
on the 284] amplifier is set by connecting
a resistor between pins 1 and 2. When they
are shorted as shown, the result is a gain
of 10.

ICs 1 and 2 are configured as common
inverting amplifiers, cach having a gain of
10. Since the signals we want to amplify
are rclatively low frequency AC, a capacitor
is attached at the input of the first amplifier
to filter out the DC component of M1’s
output. In most cases of muscle monitoring,
this total gain of 1000 is sufficient. Picking
Photo 4: Pregelled American Optical electrodes of the type used in this up brain waves will require additional
article. They are available from medical supply outlets, amplification. Changing the 100 k2 resistor

Photo 3: View of the prototype circuit described in tigure 2.
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Figure 2: Schematic diagram of biofeedback
monitor. I1C4 is a type 284/ isolation ampli-
fier costing $59 plus shipping from Analog
Devices, Rte 1 Industrial Park, POB 280,
Norwood MA 02062. +V is anywhere from 9
to 15V and —V is from —9 to —15 V. All
capacitors are 100 V ceramic unless other-
wise noted. All circuitry should be mounted
on a ground plane to reduce AC pickup.
Connecting wires should be as short as pos-
sible. The electrode cable must be shielded
to obtain proper operation.

on IC2 to 1M& will increase it another
order of magnitude to 10,000. Be awarc
that raising the amplification also raises
the noise on the output. Capacitors in the
feedback loops are used in an attempt to
keep this noise to a minimum. The amplified
analog signal is available at pin 6 of {C2.
It can be attached to an oscilloscope if you
care to watch yourself in action.

IC3 and IC4 are the interface to the com-
puter. IC3 is a comparator with normally
high output. When the signal level from IC2
exceeds the trigger voltage set on R2, IC3
pin 6 goes low, firing the one shot IC4. This
signal is in turn connected to a parallel
input bit of the computer. Offset potenti-
ometer R1 is adjusted to give OV on IC2
pin 6 when M1 is removed and M1 pin 10
is grounded.

Using the Muscle Monitor

Monitoring muscle voltages is much
easier than monitoring brain waves. To ade-
quately accomplish the latter, sharp band-
pass filters which can separate brain waves
from other signal sources must be added to

TO COMPUTER PARALLEL
INPUT PORT BIT O

10K

:
]

ADJUST

TRIGGER

Number

Type

GND

+V

1C1

LM301A -~

1C2

LM301A -

1C3

LM741 7

IC4

74121

Table 2: Power pin connections for figure 2 schematic.

figure |. As it stands, it cannot differentiate
between alpha or theta waves and is opti-
mized for muscle pickup.

To sense the clectrical activity of a
muscle such as the biceps, three clectrodes
are necessary. [t is not cnough to merely
wrap three wires around your arm. Special
clectrodes such as the type shown in photo 4
are necessary. These are referred to as pre-
gelled silver-silver chloride disposable elec-
trodes and they are available through medical
supply outlets. The electrodes (shown
in photo 5) have a spongy center section sat-
urated with a gel to reduce skin contact
resistance. The best results will be obtained
by using these or similar attachments.

In the case of the forcarm muscles, the

Text continued on page 56

June 1979 © BYTE Publications Inc

53







If you've written software
in Altair Basic, you've written

“spells” for the Exidy Sorcerer.
Now, make it pay off!

There’s never enough software.
Particularly good software.
That's why Exidy is sponsor-
ing a software contest where
nobody loses.
Altair programs run on Sorcerer.
The Sorcerer computer’s
Standard Basic is compatible with
Altair 4K and 8K Basic. So our
contest is open to programs
—we like to think of them as
“spells” or “Sorcery”— written
in all three of those Basic versions.
Trade one of yours for one of
ours. Just for entering a program
in our contest, we’ll send you a new, professionally
written and documented program. Free. It's a
classic game of concentration that’s a fun mind-
stretcher for both kids and adults. Plus you'll
get our new 20” by 24" color poster.
And maybe 99 more good programs. We’ll publish
a bound book of the best programs entered — up
to 100 of them, with full credit to each author. If
you enter you can have a copy for just the printing
and mailing cost. And if your program is included,

WIN THIS EXIDY SORCERER.

And maybe a free Exidy
Sorcerer: Submit one of the four
programs judged “best,” and win
a free Sorcerer computer. (Or
choose Sorcerer accessories of
equal value.) There’ll be one
winner in each of the following
categories: Business, Education,
Fun & Games, and Home/
Personal management.

Test-run your entry free.

Take your program to any

participating Sorcerer dealer

if you want to give it a test run.

At the same time, maybe you'll

want to jazz up your program to take advantage of

Sorcerer’s state-of-the-art features. These include

512 by 240 high-resolution graphics; user-defined

characters; and dual cassette I/0, among others.
You can turn in your entry right at the dealer’s.

And collect your poster and new program on

the spot.

Enter now. Send us your entry with the coupon.

Or visit your dealer. But cast your best spell at

Exidy now. And see if you can’t make a free com-

you get the book free.

RULES:

1) Entries, including documentation, must
be printed by computer or typed double
spaced on 8% by 11 paper, with your name
on every page.

2) Enter as many times as you like. This cou-
pon, or a copy of it, must be completed and
attached to all entries.

3) Enter at any participating Exidy Sorcerer
dealer, or mail entries postpaid to the ad-
dress on this coupon.

4) Entries must be received by midnight,
Aug. 31, 1979. Winners will be notified by
Nov. 30, 1979. For a list of winners, send a
self-addressed, stamped envelope marked
“Winners List” to the coupon address.

5) You warrant, by your signature on this
coupon, that all program and documen-
tation material included in your entry is
entirely your own original creation, and that

Circle 133 on inquiry card.

puter appear on your doorstep.

no rights to it have been given or sold to any
other party, and you agree to allow Exidy to
use, publish, distribute, modify, and edit it
as it sees fit.

6) All entries become the property of Exidy,
Inc. No entries will be returned, nor any ques-
tions answered regarding individual entries.
No royalties, payments or consideration
beyond the items set forth in this advertise-
ment will be given to any entrant.

7) Judging will be by a panel of experts cho-
sen by, and including representatives of,
Exidy, Inc. Judges may assign programs to
whichever entry category they consider ap-
propriate. Decision of the Judges is final.

8) Employees of Exidy, Inc., its dealers, dis-
tributors, advertising agencies and media
not eligible. Void where prohibited, taxed or
restricted by law.

EXIDY, INC.
969 W. Maude Ave.
Sunnyvale, CA 94086

Gentiemen:

Here’s my “spell.” Send me my free program and
poster. If I win, send my Exidy Sorcerer computer to:

NAME

ADDRESS

CITY

STATE

ZIP.

DAYTIME PHONE

TITLE OF PROGRAM

CATEGORY O Busine'ss
0O Education

O Fun & Games
O Home/Personal Management

DATE

SIGNATURE
Copyright 1979, Exidy, Inc.



Photo 5: The electrode has a saturated spongy center which serves to reduce
skin contact resistance. It is necessary to use this type of connection to the
body if satisfactory results are to be obtained.

56

Photo 6: To monitor the
electrical activity of the
muscles in the arm, elec-
trodes should be placed

as shown.
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Text continued from page 53:

high electrode (shown in photo 6) is placed
on the wrist, the low electrode on the upper
arm, and the guard on my chest, close to
the shoulder. When the muscles of that arm
are flexed, a large pulse will appear at the
analog output terminal of the interface. [t
is best seen with an oscilloscope. Every
movement produces some noticeable devi-
ation in the trace. If the trigger adjustment
R2 is set above the ambient noise at the
peak of this large pulse, it will fire the one
shot every time the muscle is flexed. Ac-
tually, adjustment can be much finer. With
the electrodes placed as in figure 1 (the
guard is on my chest again), they can pick
up something as insignificant as moving
your eyebrows or gritting your teeth. The
setting is made higher than the level produced
when talking or breathing, so that it can

be used as a suitable control input to the
computer.

Biofeedback Computer Control

Control is the name of the game. Con-
sider someone who is almost totally
paralyzed. This system could be used (per-
haps by sensing eyebrow movement) as an
on/off switch to a more sophisticated con-
troller. ['ve seen one computer aid for the
handicapped which consisted of an alpha-
numeric sequencing display. Letters could
be individually chosen and eventually com-
bined to produce whole written messages.
A lot can be accomplished with a single
bit of input if the software is written with
time as a pertinent consideration. A single
switch could signify a particular choice if
each was presented in sequence with time
allotted to answer. That is the premise of
the BASIC program in listing 1.

This is a simple program written in
Micro Com 8 K Zapple BASIC. It presents
the operator with a series of seven choices,
and branches to special subroutines as a
result of these choices. It presumes that the
user can see and signify positive response
by a high logic level on bit O of input port 3.
This bit is tied to the output of our eye-
brow twitch monitor. Output port 17 has
seven lights attached to bits 1 through 7
(bit 0 not used). The program lights the
first light, and the user decides whether or
not the computer should perform the
activity signified by bit 1. If so, the user
merely furrows his or her brow and the
program jumps to the designated activity.
In this simple illustration, | merely flash
the light a few times to indicate which
was chosen. Should the operator not care
for the first choice, the program sequences
to the next choice, and so on. Before hook-




One of
three exciting
new options

from Ohio Scientific.

Color. with it there is a big
difference. And now, Ohio Scientific
offers a lustrous 16 color option on
all its C2 Serics Computer Systems,
past and present. New orders for
C2-4P and C2-8P’s can now request
the color option. Upgrade kits are
available for all existing C2s. When
coupled with the C2's demonstrated
high resolution graphics, the new
color display is striking.

The relatively easy add-on of color
and other options discussed here are
interfaced through the new 540B
video board and are realized without
extensive modification or excessive
cost because the C2 family of com-
puters feature exceptional “design
for the future” modular construction
that permits one sector of the
computer to be modified without
affecting other sectors.

Circle 290 on inquiry card.
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Sound.
The sound option
further enhances enjoyment
of the C2’s while broadening their
scope of applications. Games of logic
and dexterity now seem to come
alive when sound pops out from
on-screen happenings.

This new option is implemented
through the new 542 Rev B keyboard
available with new C2 orders or as
part of an upgrade kit. In addition
to a standard tone generator, this
newboard also contains a D/A (digital
to analog) converter that takes ad-
vantage of the power and ultra high
speed of the C2s 6502 micropro-
cessor to enable users to generate
both limited band-width speech and

complex musical

chords.

AC-12 Remote
AC Control System.

This unique option enables a C2
user to create a computerized wireless
home control facility with simple
effort and at heretofore unheard of
low cost. The AC-12 provides a con-
trol signal on the homes AC power
line not unlike the manner in which
wireless intercoms function. The
AC-12will plugintoany C2 computer
that has the new 540B video board.
The basic system contains a com-
mand console and four remote mod-
ules. The remotes can be appliance
modules that can switch up to 15
amps, lamp modules that can provide
on-off, dimmingand brighten-
ing, or wall switch modules.
. The AC-12 has a special
Home Control OS-65D
V3.0 Mini-Floppy
Disk Operating System
that provides a wide
range of capabilities
not the least of which
is “Foreground and
Background” oper-
ation. This allows
the computer to
monitor time and
inputs for the Home Control System,
while running other BASIC
programs!

New options:

Color and Sound Option on C2-4P and
C2-8P4 v o adc amilaaas o' il Add $200

CA-11B 540B color video board for
system upgrades (does not include 542B
sound keyboard). . . . .. ... ... $225

CA-11C 540B color video board and
542B sound keyboard. (For upgrades)
......................... $299

AC-12 Remote AC control system, in-
cluding console, four remotes and
software. For use on any system with a
540B videoboard . . . ... ... ... .$175

Color. Sound. AC Remote Control.
Three more examples of Ohio Scientific’s
continuing enhancementof its computer
products and user benefits.

Contact your local Ohio Scientific dealer.

Ll ]
1333 S. Chillicothe Road e Aurora, Ohio 44202
(216) 562-3101
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360
370
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390
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410
420
430
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490
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REM This rrogram demorstrates how the comruter can be

REM used to provide contaol output from an EMG digital irrPut
REM EMEG imput is on port Je bit Os No stimulus is lodic O
REM while muscle activitw 1s signified bw lodic 1.

REM Test arraratus uses 7 lighls attached to bits 1 thruy 7 of
REM outsut rort 17, The comrutér seauences thru the lidhts until the
REM oreratar sidnifies a choice by —--°THINKING®-- about it !i!
REM

REM Corurisint L97%
REM

REM

FOR D=0 TO 300 (NEXT D
REM

REM This routine seaueritially flashes bits 1 thdoudgh 7 of rort 17
REM It only exits when an input fladg has been set by the EMG monitor
B=1

X=2"R {0UT 17X

GOSUE 440

IF F=1 THEN OUT 17,1 (GOTO 320

B=B+1 (IF B>7 THEN GOTO 210

GOTO 260

REM

IF B=1 THEN GOSUR 470 :GOTO 570

IF B=2 THEN GOSUR 470 :GOTO 580

IF B=3 THEN GOSUB 470 :GOTO S?0

IF B=4 THEN GOSUB 470 :GOTO 600

IF B=5 THEN GOSUB 470 :GOTO 410

IF B=é THEN GOSUB 470 :GOTO 620

IF B=7 THEN GOSUB 470 :GOTO 630

IF B>7 THEN STOP

REM

REM

REM This routine reads the EMG monitor on port 3 bit O

REM If sidnal is present it sets flag F=1

A=0 F=0

I=INP(3)-254

IF I>0 THEN 490

A=A+1 !IF A>200 THEN RETURN (REM dgive orerator time to resrond
GOTO 450

F=1

Q=INP(3)

IF G>254 THEN 500

RETURN

REM

REM

REM These 7 routines can be replaced with outruts to

REM individual control prodrams.

PRINT*b=1°:{GOTO 210

PRINT*b=2°{G0OTO 210

PRINT*b=3":G0TO 210

PRINT*b=4":60T0 210

PRINT"b=5°:G0T0 210

PRINT*b=64°$GOTO 210

PRINT*b=7°:GOTO 210

REM

REM

REM This routine flashes individual light to indicate selection
FOR T=0 TO 10

OUT 17¢X

FOR T1=0 TO S0 INEXT Ti

oUT 170 ¢

FOR T1=0 TOD 50 INEXT T1

STEVE CIARCIA

RETURN

Listing 1: BASIC program to sense input
from the biofeedback monitor. This program
scans the cursor through several choices and
waits a short period of time. If the user
squints or blinks within the allotted period,
that choice is designated. If it is not designa-
ted, it cycles to the next choice. This par-
ticular program just blinks the chosen ob-
Jective to indicate that the interface is work-
ing. The required body connections for pick-
ing up eyebrow movement are shown in
photo 1.

up, the program can be easily tested with
the muscle monitor by temporarily at-
taching a normally closed, pushbutton
switch on port 3 bit 0.

Conclusion

All of this effort for a single bit of data
acquisition may appear unjustified, but it
can prove to be exceedingly significant in
situations where no other means of com-
puter interaction is available. At the least,
the interface should provide a substantial
base for biofeedback experiments. With
additional amplification and filtering to
monitor brain waves, a whole series of
challenging experiments come to mind.
Personal computing need not be relegated
to the level of canned amusements and
commercial presentations. A refinement of
this interface could be the one critical
design feature which would open the field
of personal computing to individuals who
are otherwise physically unable to take
advantage of it.

If you have any questions on this or
any other “Ciarcia’s Circuit Cellar” article,
or just a good idea, please don’t hesitate
to write. While it may take some time, |
do eventually answer all inquiries. Please
enclosc a self-addressed stamped envelope.
Next month the “Circuit Cellar” topic will
be sound generators.®
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PRINTER ADAPTER

The CmC ADA 1200 drives an
RS-232 printer from the PET
IEEE-488 bus. Now, the PET

GET HARD COPY FROM YOUR
COMMODORE PET USING A
STANDARD RS-232 PRINTER

owner can obtain hard copy
listings and can type letters,
manuscripts, mailing labels,
tables of data, pictures, in-
voices, graphs, checks, needle-
point patterns, etc., using a
standard RS-232 printer or
terminal.

June 1979 © BYTE Publications Inc

$98.50

Assembled and tested

$169.00 apa 1200¢ |

With case, power supply |
and RS-232 connector I

[B[m@

ADA 12008

el i |

Order direct or contact your local computer store.
Add $3.00 for postage and handling per order,

CONNECTICUT microCOMPUTER
150 POCONO RD, BROOKFIELD, CT 06804
(203) 775-9659 TLX: 7104560052
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" THE $798

‘INTERTUB

1L

-

It's already a big success!

The party’s over for all dumb ter-

minals and a lot of smart ones
too. But, at $798 (quantity 25), the
party’s just beginning for Intertec's
InterTube II.

Standard features to celebrate in-
clude a full 24 line by 80 character
display, 128 upper and lower case
ASCIl characters, reverse video,
complete cursor addressing and
control, an 18 key numeric keypad,
special function keys, blinking, pro-
tected fields, character and line in-
sert/delete, editing, eleven special
graphics symbols, a 25th status line
which displays the terminal operat-
ing mode and an RS-232 printer port.

*$995 Quantity One

" You'll discover even more reasons

to celebrate when you sit down in
front of an InterTube Il. Our wide
bandwidth monitor produces crisp,
sharp chararters everywhere on the
screen. InterTube's Z-80 processor
enables a host of operator oriented
features to boost the efficiency of
both software and programmers.
And, InterTube's rugged modular
design combined with its built-in
self-test mode insures quick and
reliable servicing.

InterTube’s price/performance ra-
tio can satisfy your requirements
whether they be a sophisticated
data entry application or a simple

Circte 182 on inquiry card

inquiry/response environment. So,
there's really no reason to think
“dumb” when you can afford to be
so smart!

Join the thousands of InterTube
celebrations going on around the
country at this very moment. Call
us at the number below and start
your own celebration (BYOB—we'll
bring the InterTube).

][E: INTE?TEC
SYST EMS.

2300 Broad River Road, Columbia, S. C. 29210
(803) 798-9100 TWX: 810-666-2115
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The sales literature for the Apple Il lists
the specifications for the high resolution
color graphics mode this way:

® 280 horizontal by 192 vertical reso-
lution.

® Four colors: black, white, violet, and

green.

Displays 8 K bytes.

[y

The specifications don't sound all that ex-
citing. The resolution seems about right,
but why are there so few colors? And why
did they pick green and violet instead of,
say, red and blue? Well, as it happens, the
colors in the Apple [l high resolution
graphics can be red and green, or blue and
yellow, or almost any two complementary
colors you want. What's more, on many
color television sets you can obtain as
many as four colors along with black and
white, as demonstrated by the accompany-
ing photograph.

More Colors

for Your Apple

Allen Watson 11l
430 Lakeview Way
Redwood City CA 94062

60

June 1979 © BYTE Publications Inc

The classic approach to computer gen-
erated color is to generate separate signals
for the red, green, and blue inputs of a color
monitor. However, color monitors are ex-
pensive; it's more economical to use an ordi-
nary color television set. Now instead of
generating three simultaneous video signals,
we have to generate a composite signal that
resembles the standard broadcast signal the
television set was designed to receive.

It’s not merely that the signal has to be
put onto a regular television channel by
means of a radio frequency modulator; al-
though that’s certainly necessary, there’s a
lot more to it. Since all the fascinating fea-
tures of the Apple !l high resolution color
graphics are the results of the way the Apple
I designers solved this problem, let’s take a
look at just what they did.

The Color Signal

The standards for broadcast color tele-
vision signals were established by NTSC
(National Television Systems Committee)
and approved by the Federal Communica-
tions Commission in 1953. In order to re-
tain the existing system of black and white
television broadcasting, the committee sys-

tem adds color information to a signa! which
is practically identical to the black and white
standard. The resulting composite signal in-
cludes a black and white component that
amplitude modulates the television carrier
frequency in the usual way, and a color
component which rides on a 3.58 MHz
subcarrier.

This superposition of color and black and
white information is necessary in order to
crowd a full color video signal into a channel
whose high frequency response is limited to
just over 4 MHz. The fact that human vision
does not resolve image details in color allows
us to limit the resolution of the color com-
ponent of the signal to a maximum of 1.5
MHz. In fact, only part of the color signal
gets even this much; the rest is limited to
0.5 MHz.

This narrow band color signal modulates
a 3.58 MHz subcarrier which is then added
to the black and white picture information.
The color subcarrier modulation is a com-
bination of amplitude and phase modula-
tion: the amplitude of the subcarrier cor-
responds to the amount of color at each
point on the screen, while the choice of
color is determined by the phase of the color
frequency relative to a 3.58 MHz reference
signal. This reference signal is generated in
the television set from a burst of 3.58 MHz
transmitted in the interval between the
lines of the picture.

A high subcarrier frequency reduces in-
terference between the color and black and
white components because the black and
white signal contains less energy at high
frequencies. Interference is further reduced
by the fact that the subcarrier frequency is
an odd multiple of half the picture scanning
rates, both horizontal and vertical. This
makes any color signal that gets into the
black and white video reverse polarity on
successive lines; the interference makes little
dots in the picture, but the dots on one line
will have “undots’ above and below. These
will tend to average out when viewed from
a reasonable distance.

This is where the signal generated by the
Apple Il deviates radically from the standard
signal. First of all, the Apple Il signal omits a
technique called interlacing, thus reducing
the number of horizontal scanning lines by
half and likewise the amount of informa-
tion needed to fill the screen. Noninterlacing
is common among low cost computer video
displays. The significant deviation from the
standard, however, is a slight change in the
horizontal and vertical scanning rates such
that the interference between the color and
the black and white components is maxi-
mized, rather than minimized. This is not as
strange as it sounds, because this is what en-



ables the Apple Il to generate color graphics
with a signal made up only of ones and
Zeroes.

An Example

To see what this does to our display,
suppose we try to display two small white
dots side by side. The smaller the dots and
the closer they are to each other, the higher
the highest frequency picture signal going
into the television set. But everything the
Apple Il puts out at the high end of the
frequency range gets decoded as color, so
that, even before our dots are made too
small and too close together for a black and
white set to be able to distinguish, some-
thing else has happened: they have merged
into a single dot, and it isn't white, but
color.

In other words, the resolution we can get
using this method is somewhat limited com-
pared with the separate red, green, blue ap-
proach, although it is produced with corre-
spondingly less screen memory (ie: 8 K bytes

Photo 1: Apple 1l display
showing four colors in
high resolution mode.

compared with 24 K bytes). But even if the
color interference were minimized, the tele-
vision set’s receiving circuits limit the hori-
zontal resolution to about 300. Incidentally,
this is why the Apple Il displays only 40
characters in cach line of text; the more
popular 64 or 80 characters cannot be re-
solved by a standard color television.

Bits and Resolution

As we have seen, the Apple |l produces
color by simply putting its smallest dots at
the right size and spacing: namely, the color
subcarrier frequency. Each dot is really a
half cycle, so the dot rate is twice the sub-
carrier frequency, or something over 7 MHz.
Let's see how many of these dots will fit on
one horizontal line. There is one horizontal
scan every 63.5 us, but part of this time is
needed to get the electron beam into posi-
tion to start the next line, and to keep the
lines in synchronization. The picture signal
is shut off, or blanked, during this time.
That leaves about 45 us, but just to play it
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Figure 1: Colors produced
by various bit patterns in
relation to the color refer-
ence signal.
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Display Byte Display Signal Color
0 09 0 0 Qa 0-0 Black
1T 000 0 O 00 Shifted black
L A ) I [ B B | White
s AL ER fre R [ VIR £ e | Shifted white
o O S S B % Green
P ¢ L G« I (A S B o gl 1l0f110]7]0 Oranga
s 1R R R T Slel v len el Violet
L s NI o T (N v A (o R 1 0] 1]|0]1 Blue
{Mote phase shifts Indicated
by arrows)

safe and to make sure that none of our valu-
able data gets cut off by the television set's
normal overscan (the picture is set up to be
bigger than the actual screen so there won’t
be any unsightly black borders), Apple I
uses only about 40 us of each line for data.
This works out to 280 dots per line. In text
mode, with 40 characters per line, this gives
a character time of about 1 us, which corre-
sponds to the Apple I1's system clock. Each
character takes seven dot times, five for the
character and two for spacing between
characters.

The question is, exactly what does hori-
zontal resolution of 280 refer to? Well, we
can put a single dot at any of 280 different
positions across the screen, but our dot will
be colored, since it is a half cycle at the
color subcarrier frequency. And if we put
two dots too close together, they merge.
Obviously, if the two dots are actually
touching, no set could resolve them — this
is really a single spot which happens to be
two dots wide. But even if we put a black
dot in between, we'll see only one dot, in
color, because the dot spacing matches the
color subcarrier frequency. Only by putting
two or more black dots between our white
dots will we be able to see a clear separation.

These relationships are diagramed in fig-
ure 1. The color reference signal is shown at
the top. Any signal component at this
frequency, even a single dot, will be dis-
played as colored. Theoretically, a double
width dot contains no color frequency com-
ponent, and hence will be displayed as
white.

Apple Il High Resolution Colors

Now we can see how the trade-off be-
tween color and resolution affects the way
our computer bits are displayed by the tele-
vision set. But let's look on the bright side:
with the right bit patterns, we can put colors
onto the screen. Let’s ignore the resolution

problem for a while and investigate the
colors.

If we fill the screen memory with ones,
the display will be all white; all zeroes
paints it black. If we alternate ones and
zeroes horizontally, we have a signal which
is right at the color frequency, so it is dis-
played as a solid color. Now comes the in-
teresting part — what color is it? As | men-
tioned earlier, the color is determined by
the phase of the picture signal's color
frequency component relative to the color
reference signal, which is generated by the
television set from the 3.58 MHz color burst
which we transmit during the horizontal
blanking interval. So our question becomes,
“How can we control the relative phase of
these two signals?”

First of all, our computer bits are output
every half cycle of the color reference
frequency. This means we can change the
phase by 180 degrees by simply inverting the
bit pattern so that alternating ones and
zeroes become alternating zeroes and ones.
Interestingly enough, since the color spec-
trum is allocated the 360 degrees of possible
phase angles that we can have, complement-
ing the bits also complements the color; that
is, phase inversion amounts to 180 degrees
of phase shift, and complementary colors are
180 degrees apart. The relation of color to
phase angle is shown in figure 2. If the alter-
nating bits are in phase with the color refer-
ence signal, the color will be yellow-green;
out of phase bits will give us blue-violet. This
determines the two colors Apple |l specifies
in addition to black and white. But there is
another way to change the relative phase of
our computer bits.

While we can’t do this under computer
control, we can manually adjust both the
Apple |l video circuit and the color tele-
vision set so as to change the phase of the
color reference signal itself. The Apple 1l
control is labeled color trim; the television
set’s control for this is usually called tint or



The Only Computer Reference Book You Need.

The Only Reference Book You’ll Ever Need.

The only book that gives you all
the ingredients for a successful
computer system. Interested in
the Apple 11?TM You'll need an
FCC-approved RF modulator to
connect it to your color television
set. We tell what they are, where
to get one, and how to hook it up.

Thinking of using Radio
Shack’s TRS-80TM for a low-cost
word processing system? You'll
need an upper-case/lower case
modification for the keyboard.

We'll tell you what it involves,
where to get it done, or how to do
it yourself.

Software? We’'ve sampled
canned software and will tell you
what suits our taste. Rather do it
yourself? We have algorithms in
our machine-independent
*‘Cookbook’’ language for
everything from fast sorts to
phototypesetter hyphenation.
Plus a crash course in BASIC for
those who know FORTRAN. And

much, much more.

Last but not least: The
Cookbook Yellow Pages, a
complete guide to small computer
services and products. We update
The Yellow Pages every two
months—and send them to you
free with the latest additions,
corrections, and improvements of
our white pages. You just plug
them into our loose-leaf binder.

Get with The Cookbook. The
Best is Yet to Come.

Send me The Cookbook. | enclose $15 plus $1.50 for shipping, which will be by UPS unless I’'ve marked this form U.S.
mall (___check here). California residents add $.98 sales tax. Allow up to four weeks for possible out-of-stock
conditions. Make checks payable to *‘The Computer Cookbook'’'. Mastercharge and VISA accepted with 13-digit card

number and 4-digit expiration date.
Name

Street

City

State

Zip

Mall to: The Computer Cookbook / P.O. Box 4084 / Berkeley, CA 94704
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Figure 2: Arrangement of possible colors versus signal phase. The Apple I/

RED 90°

ORANGE

YELLOW

OO

hue. The combined range of adjustment of
these two controls is usually enough to go at
least halfway around the color circle of fig-
ure 2, putting one or the other of our com-
plementary pairs of colors at any point on
the circle. Thus we can adjust for any pair
of complementary colors we want: blue and
yellow, green-blue and orange, cyan and red,
green and magenta, or yellow-green and
violet. So long as we don't require the ulti-
mate in horizontal resolution, we can have
any two complementary colors plus black
and white for our high resolution graphics
using only ones and zeroes as data. If the
colors listed above and in figure 2 don't
seem exactly complementary, it's largely
because of the broad range of hues to
which we carelessly apply the name blue.
If we let the television picture-tube phos-
phors define our red, green, and blue, then
the complementary colors are those of
figure 2. The television set is adjusted such
that red + green + blue = white. Since com-
plementary pairs also add together to give
white, it follows that the sum of any two of
the three primaries gives the complement
of the third: for example, the complement
of red is actually green + blue, or cyan.

Extra Colors

Studying the Apple |l specifications in
the light of the National Television Systems

BLUE-
RED

MAGENTA

VIOLET

YELLOW-

GREEN
GREEN
BLUE-
GREEN

270°

180°

BLUE

CYAN

high resolution graphics outputs two complementary colors (colors that are
separated by 180 degrees on the circle).
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Committee color standards led me to expect
it to work this way, but that isn't quite the
end of the story. After | got my Apple |1, as
| was casually watching the random sine
wave program on the high resolution demon-
stration tape, there in living color was a dis-
play with four colors. After a bit of head
scratching and experimenting with the ad-
justments on my portable color set, | think
| have the explanation.

First of all, the single dot patterns give
the two complementary colors, just like it
says in the script. Alternating double dots,
which ought to be displayed as black and
white, actually show up as a weaker version
of the same pair of complementary colors if
the television set is adjusted normally, that
is, with the fine tuning just backed off from
the setting that first produces sound bars in
the picture. But if | back the fine tuning
farther away from this setting {any auto-
matic fine tuning or tint controls should be
switched off), just before the color signal
drops out, the weak colors on the double
dot patterns brighten and shift to another
pair of complementary colors. The exact
colors depend upon the setting of the tint
control, but they are more than 30 degrees
from the first pair, so if the single dot pat-
terns give red and green, for example, the
double dot patterns appear as orange and
blue.

It's hard to figure out how the double
dot patterns get displayed in color since
they are square waves at half the color
frequency and ought to contain a zero com-
ponent at 3.58 MHz. Apparently the video
detector circuit in the set produces enough
second harmonic distortion to activate the
color circuits. Mistuning puts this signal near
the cutoff of the color bandpass filter where
there is maximum phase distortion. | tried
this out on the more expensive television set
at the store where | bought my Apple 11, and
although it's more difficult to get the adjust-
ments just right, the extra colors are there.
Ironically enough, this trick seems to work
better on cheap sets.

So there you have it. Whether you prefer
colors or resolution, the Apple ! high reso-
lution graphics will put out all you can get
through the antenna terminals of a color
television set with just different patterns of
ones and zeroes. To find out what your set
will do, you need to display vertical lines
with the single dot and double dot patterns.
An easy way to do this is to load the Apple
Il high resolution demonstration tape and
select the program that sums two sine waves.
When the program asks for two frequencies,
enter 63 and 64 to get the pattern shown in
photo 1. Other numbers you may want to
try are combinations of 31, 32, 33, 63, 64,

Circle 180 on inquiry card. ——p



The Intecolor 8070 business system.
At twice the price, it would still be inexpensive.

has 16 digit accuracy and a Color Communicates Better

Because ISC is the world's leading manufacturer PRINT USING feature that tailors output to any

of color terminals, we're able to offer unparalleled specifications.

color performance—at phenomenal prices. If you need greater storage capabilities, choose
Our 8070 Series | Business System is a perfect the 8071—same system, but with a dual double-

example of reliable, yet extremely reasonable prod- headed floppy disk drive. Giving you 1182K bytes

ucts. It's a complete 8080A microcomputer system of storage, for only “$800 more, single unit.

that includes the following standard fea- Either way, the Intecolor Series | can relieve

tures: A dual floppy disk drive with 591K your business of a considerable amount of paper-

bytes of storage; a 19" color datadisplay work, without costing you a great deal of money.

with an easily readable 80 characters x " (Terms—5% discount for prepay-

48 line format; and a 60 CPS Impact “ ment, or net 20 days.)

Matrix printer. All for aremark- s 4 For more information and

able “$7000, single unit price. ?t a complete demonstration,
And that price doesn't Y 4 § < see your nearest computer

stop at hardware. Intecolor's , j "%' store, or contact your ISC

18K Business BASICin ROM v ! : - sales representative.

Unretouched photo of screen Furniture not included U.S. domestic prices

ISC SALES REPRESENTATIVES: AL: 205/883-8660. AK: (GA} 40'4/449-5961. AZ: 602/994-5400. AR: {TX} 214/840-2169. CA: Alhambra 213/281-2280. Golela 805/964-8751. Irvine 714/557-4460, Los
Angeles 213/476-1241, Mountain View 415/964-9300. San Diego 714/292-8525. CO: 303/759-0809. CT:(GA) 404/449-5961. DE: (GA) 404/449-5961. DC: (VA} 703/569-1502. FL: Orlando 305/425-5505.
F1 Laugerdale 305/7 76-4800. Melbourne 305/723-0766. Tallahassce 904/878-6642. GA: 404/455-1035, HI: B08/524-8633. 1D: (UT} 801/973-7969. IL: {N0.) 312/564-5440. {So.} {MO) 816/765-3337.
IN:{IL) 312/564-5440. |A: (MO]816/765-3337. KS: (MO} 816/765-3337 KY: 606/273-3771. LA: 504/626-9701. ME: (GA) 404/449-5961. MD: {VA) 703/569-1502. MA: (GA} 404/449-5961
MI: 313/227-7067. MN:612/822-2119. MS:{AL} 205/883-8660. MO: 816/765-3337. MT:{CO) 303/759-0809. NB: (MO} 816/765-3337. NH: (GA} 404/449-5961. NJ: (GA} 404/449-5961
NV: (AZ)1602/994-5400. NM: 505/292-1212. NY:{GA) 404/449-5961 NC: 919/682-2383. ND: {MN) 612/822-2119. OH: Dayton 513/429-9040. Cleveland 216/464-8113. Columbus 614/436-2051
OK:{TX)214/840-2169. OR; 503/620-5800. PA: 412/922-5110, RI: {GA) 404/449-5961. SC:-803/798-8070. SD: (MN) 612/822-2119. TN: 615/482-5761. TX: 214/840-2169. El Paso Area (Las Cruces. NM
505/523-0601. Houston Only 713/780-2511, UT: 801/973-7969. VT: (GA] 404/449-5961. VA: 703/569-1502. WA: 206/455-9180. WV:412/922-5110. WI: (IL) 312/564-5440. WY: (CO) 303/759-0809
EUROPEAN EXPORT SALES: EUROPE:(MA)}617/661-9424. BELGIUM: Brussels 02-242 36-04. FRANCE: Rueil Malmalson 749-40-37. GREECE: Athens 642-1368. ITALY: Roma 805-647/872-457.
THE NETHERLANDS: Poeldilk 01749-7640. SPAIN: Barcelona 204 17 43, SWEDEN: Vallingby 08-380-370. SWITZERLAND: Mutschellen 057-54655. UNITED KINGDOM: Bournemouth 0202-293-115,
WEST GERAMANY: Minchen 089-31881. AUSTRALIA & NEW ZEALAND: Melbourne 543-2077. Meadowbank 808-1444, Chermside 59-6436. Wellington 64-4585. Auckland 876-570. CANADA.
Datamex. Ltd. (Distributor} Dorval 514/636-9774. Ottawa 613/224-1391 Toronto 416/787-1208. Vancouver 604/684-8625. CENTRAL & SOUTH AMERICA & CARIBBEAN:{GA) 404/394-9603. MEXICO
Monlerrey 564-876. FAR EAST: (CA} 213/382-1107, HONG KONG: 5-742211. JAPAN: Tokyo 402-8596, TAIWAN: Taipei 02-7026284. MIDDLE EAST: IRAN: Tehran 891148. ISRAEL: Tel Aviv 266-291,
KUWAIT: Kuwait 438 180/1/2. LEBANON: Beirut 221731 260110. SAUDI ARABIA: Jeddah 27790, Ryadh 25083-39732. UNITED ARAB EMIRATES: Sharjah 24068.
For sales and service In other countries cantact ISC headauarters in Norcross. GA.. U.S.A.

m Intelligent Systems Corp. o 5965 peachtree Corners East [ Norcross, GA 30071 0 Telephone 404-449-5961 0 TWX 810-766-1581
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MORE GOOD NEWS FOR
APPLE OWNERS-

You chose the best.

Now, make it better!
With our exclusive Superchip (ROM
firmware) your APPLE can deliver the best
of both—graphics and text-processing.

e Full ASCII character set
(lower case)
e 31 other, useful non-ASCII
characters
e User-defined characters
with our Character Edit
Cassette
e Enhanced editing capabili-
ties for program and data
modification
And, it works with your
existing APPLE pro-
grams—Integer BASIC
and Applesoft ROM.

® The Character Edit
program defines each
new character in a
magnified format with
a few easy key strokes.

P e Since you can now

E === build characters, you

O ety WeaNcaal 8oL b can also create new
pator el g character sets—
& B o A
foreign alphabets,
music, games, whatever.

NOW YOU CAN ALSO GET

* Disk Interface Program —Superchip
now runs with Disk |l

* Word Processor | —a disk-based
mini-word processing system.
(Requires Disk Interface Program, above.)

The Superchip plugs into your APPLE with
no modification.

ORDER  SsuUPERCHIP $99.95
NOW Character Edit cassette $19.95
Disk Interface Program cassette $19.95

Word Processor | cassette $19.95

Shipping Charge (each) $ .75

| attach check or money order for $
Or, charge my: O VISA [ Master Charge
Bank Card No.
Expiration Date
Name
Address
City State Zip
Signature

Telephone orders accepted with charge card:

214-358-1307

CLECTIC CORP.

2830 Walnut Hill Lane, Dallas, Texas 75229
A Subsidiary: TANO Corporation

65, and 95. Apparently there is a lot of
sampling error when the frequencies you
select don't fit the table the program uses to
generate the sine waves. If you experiment
until you find the limits of your particular
television set, you'll know how to make high
resolution pictures on your Apple [l in just
about any colors you want.

BIBLIOGRAPHY

1. Apple 1|l Reference Manual, Apple Computer
Inc, Cupertino CA, 1978.

2. Herrick, Clyde N, Color Television: Theory
and Servicing, Reston Publishing Co, Reston
VA, 1973.

3. Schure, Alexander, Basic Television, revised
second edition, volume 6, Hayden Book Co,
Inc, Rochelle Park NJ, 1975.

Circle 114 on inquiry card.

Addendum

The following comments were received
from Steve Wozniak of Apple Computers:

Thank you for passing along Allen Wat-
son’s article on the Apple 11 high resolution
colors.

As Allen discussed, Apple Il high resolu-
tion colors are the result of alternating
zeroes and ones on the screen. The exact
colors generated depend on the phase (or
timing) relationship between the display
signal and the color reference phase. By ad-
Justing the television controls, any desired
color pair may be displayed.

Oddly enough, only the seven least sig-
nificant bits of the Apple Il high resolution
refresh memory bytes are used (examples are
shown in figure 1). A simple modification
allows the high order bit of each to specify
one of two color sets by generating a 90
degree phase shift of displayed information.
(Yet more colors may now be obtained by
applying the technique suggested by Allen.)

Adding the High Order Bit Modification to the Apple {1

1. Remove the Apple 11 printed circuit board from
its enclosure.

{a) Remove the ten screws securing the plastic
top piece to the metal bottom plate. Six
of these are flat head screws around the
perimeter of the bottom plate and four
are round head screws located at the front
lip of the computer. All are removed with
a Phillips head screwdriver. Do not remove
the screws securing the power supply or
nylon insulating standoffs.

(b) Lift the plastic top piece from the bot-
tom plate while taking care not to damage
the ribbon cable connecting the keyboard
to the printed circuit board. This cable
will have to be disconnected from one or
the other.
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At Last' After Two Years and $250 000 .
Software Programs for the Multi-Billion DoIIar
Real Estate Market.

There are 240,000 offices nationwide serving the ever-growing Real Estate market.

Not surprising when you

considerthat 60% of the United States’ assets are represented in Real Estate properties.

Until now, there has been virtually no interfacing of data
processing with this powerful, potent market. Until
REALTY SOFTWARE CO., that is. We've combined the best of
both worlds and spared no expense in producing Software that
is sophisticated enough for the largest Realtor...yet extremely
easy to use.

in fact, our instruction manual offers Screen-by-screen
displays enabling a novice to breeze through the entire
program!

We've already sold complete systems to Realtors for
$19,990! You can get in on the action for less than 3% of that
amount!

Our floppy disk PROPERTY MANAGEMENT program runs
on DEC station 78 & 88 series and type 8080 or type Z-80 with
48K of memory, single density dual disks operating under
CPIM® ,a 132 character printer and a CRT terminal.

MAIL COUPON OR CALL ...
TOLL—FREE

(800) 648-5311

|ATTENTION|
| DEALERS: | Realty Software Co.’s Software systems for
the Real Estate market can be profitable for you. Inquire
today for full details on programs including Portfolio
Analysis, Tax Deferred Exchanges, Income Tax Analysis,
Cash Flow Analysis, Amortization & Depreciation and much,
much more. RSVP by phone or mail.

Circle 323 on inquiry card.

PROPERTY MANAGEMENT SOFTWARE
Comes Complete With a 200 Page Instruction
Manual...With 80 Screen-by-Screen Displays
for Easy Reference!

Program includes:

* Operating Statement Report
* Balance Sheet Report
* Rent Book Report
* Management Fees Report
* Vacancy Report
* Late Rent Report
* Check Writing / Check Register
* Deposit Register
& much more...

Mail to. REALTY SOFTWARE CO.
2126 Lombard St./ San Francisco, CA 94123

I'll cash in on the multi-billion dollar Real Estate Market!
Send me your PROPERTY MANAGEMENT software
complete with 200 pg. manual for $595.00 (shipping & in-
surance included / CA residents add sales tax).

[J Check enclosed Bill my [0 Master Charge [] VISA

Acct. #
Exp. date Signature
Name
Address
City State Zip
Telephone (include area code)
DEALERS!.. Check here [J and attach business card to

coupon for complete details on all REALTY SOFTWARE
CO. Software and merchandising support!!

BYTE june 1979 67
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Figure 3: Circuit which must be added to the Apple Il to add more colors to
the high resolution display. (Caution: Adding this circuit voids the warranty.)
A starred assignment (*) indicates that the connection is made to a pin which
is out of its normal socket. Besides the connections which are shown, also
connect pin (B8-14) to (A8-6) which is out of its socket, and (B8-7) to
(A8-13) which has also been removed from its socket. The power connections
to the 74L502 are +5 V to pin 14 and ground connected to pin 7.

{c) Disconnect the power supply from the
printed circuit board.

{d) Remove the #8 nut and lockwasher secur-
ing the center of the printed circuit board.
These will not be found on the earlier
Apple 11 computers.

{e) Carefully disengage each of six nylon in-
sulating standoffs from the printed circuit
board {(seven on earlier versions).

(f} Lift the printed circuit board from the
bottom plate.

. Above the board wiring method.

(a) Lift the following IC {integrated circuit)
pins from their sockets.

Pin
iC Number
A8 1
A8 6
A8 13
A9 1
A9 2
A9 9

{b) Mount a 74LS74 (dual C-D flip-flop) and
a 74LS02 (quad NOR gate) in the Apple
1| breadboard area (A11 to A14 region).

(c) Wire the circuit in figure 3.

. Below the board wiring method.

(a) Desolder ali pins of socket A8. Lift the
socket and its 74LS257 integrated circuit
off the printed circuit board taking care
not to destroy it. Cut the trace between
pins 6 and 13 of A8 on the top side of the
board. Also cut the trace between pins 13
and 15 on the top. Reinsert socket A8 and
the 74L.S257. Be careful.

(b) Cut traces going to the following pins on
the bottom of the Apple Il board. Each

pin should have a single trace going to it.

Be careful.
Pin Pin
IC Number IC Number
A8 1 A9 1
A8 6 A9 2
A8 13 A9 9

{c) Connect pin 15 of ICA8 to ground (pin 8
of ICA7 on the keyboard socket is a
nearby ground).

{d} Mount the 74LS74 and 74LS02 as per
step (b) of the above the board wiring
method.

(e} Wire the circuit of the above the board
wiring method, step {c). All wires are on
the bottom of the Apple Il board and no
pins need be removed from their sockets
or soldered to.

4. Reassemble the Apple Il and make sure it is
operational. If not, chack all wiring very carefully.
Make sure that all integrated circuits are in their
sockets and properly oriented.

5. The following color values are now applicable
to the high resolution subroutines:

BLACK2 128
ORANGE 170
BLUE 213
WHITE2 255

For example, the program below draws an
orange line from location (10, 20) to (200, 140).
It is assumed that the high resolution routines are
already in memory locations hexadecimal 800
thru BFF.

0 X0 =Y0=COLR
5 INIT = 2048 : PLOT = 2830 : LINE = 2836
7 ORANGE =170: CALL INIT
10 X0 =10: YO =20 : COLR = ORANGE :
CALL PLOT
20 X0=200: YO =140: CALL LINE
30END =



Look how soft you can have

it with a Comp

personal
computer.

HANGMAN (*HA)
Hanpman, Math Tutor,
Two-To-Ten.

SAMPLER ("SA)
Biorhythms, Concentration,

One-Armed Bandit, 3 more.
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PERSONAL DATA BASE FORMATTED SOF-DISK MATH TUTOR (*MA)
{PD) Personal Data Base. (*FD) Math Tutor, Checkbaok.
File and Jata management 2.pack Sof-Disks for your Recipes. 2 more.
Systent. $29.95 own BASIC programs.
ASSISMINIR TEXTIZNCR

TEXTEDITOR(TE)

Text Edtar. Facilirates pro-

gram writing and correcting.
$24.95

ASSEMBLER (AS)

Assembler. Assembles 8080

Assembly Language progran
$24.

EQUITY ('EQ)
Depreciation, Depletion.
apitatized Cost.

S,
4.95

OTHELLO(*OT)
Orhello® . Math Dice. 2
more. “Orthello™ is the regis-
tered trademark of CBS Inc.

PERSONAL FINANCE,
VOL. 1 (*P1}

Rate of Return. Interest
Conversions, 2 more.

PERSONAL FINANCE,
VOL. 11 ("PID)

Loans: Sinking Fund, Declin-
ing Interest. Constant Ratio

fur its strategy Jisc game.
When you have a Compucolor I — the exciting color personal
computer with a built-in mini-disk drive — you really have it
soft. $19.95 is all you pay for most Compucolor Sof-Disk™ al-
bums. * They're formatted to run only on the Compucolor I,
and each contains at least three programs. That's far better
value and variety than you get with programmed cassette tapes.
And the Sof-Disks you see here are just a sampling. New in-
troductions are added each month.

To start your collection of mind-blowing games and other use-
ful programs, visit your nearest computer store. Or, if there’s no
dealer in your area, clip the coupon and mail your order today.

First things first! If you'd like
more information, simply check
the coupon for a free brochure
about the Compucolor I1.

Compucolor
Corporation

Circle 51 on inquiry card.

color IT

STAR TREK (*ST)
Star Trek, Lunar Lander,
Shoot, and Tic-Tac-Toe.

BONDS & SECURITIES
(*BO)

Bond Price & Yield, Amorti-
ation Schedule, 2 more.

\WN\C TIC TAC 70F
27

!

et -
BLACKJACK (*BL)
Blackjack, Rouletre. Slo
Machine, 2 more.

CUBIC TIC-TAC-TOE(*CU) CHESS (*CH)
Cubie Tie-Tac Toe. Swarms. 2 Chuss. Acey-Deucey. Line
muore 16K programs. Five, Biorhythms.
L X N N ¥ N §J 4D GEN GEE GEE GEN Gmm B GEN GEN GEN GBN GEN GEN GEN GEE .
*
1 To order your Sof-Disk albums, simply
! Q’o enter the album(s) of your choice, by let-
I @) ter(s), in the spaces provided. [f you want
I Q to order more than one copy, please enter the
I O number of copies desired beside the letter.
! © Add $.50 for each album ordered to cover
’ costs of mailing and shipping. Georgia residents add
sales tax. Mail with check or money order to address
below.
*See ad for varying prices on Assembler, Text Editor, and
Personal Data Base Sof-Disks.

Name

Street
City
O Send me the name of my nearest Compucolor Dealer.
[ Please tell me more about the Compucolor [1!
O I'd like additional sottware information!
Mail to:  Compucolor Corporation

Dept. B

P.O. Box 569
Norcross, Georgia 30071

State Zip

Allow 3 weeks
for delivery.

™ e e e e -
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Photo 2: The system as it appears when con-
verted into a desk. Note that the floor of the
cabinet becomes a desk top displaying the en-
tire system ready to plug in and run.

Photo 1:

The author's homemade computer system
cabinet with top removed.

Joseph Dawes
2510 Broadway
Big Spring TX 79720
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A Home for Your Computer

If you're good at woodworking, here’s
a project that will save you a lot of time and
trouble: build a cabinet for your computer!
A carefully planned cabinet, as any ham or
hi fi buff knows, serves to increase the uti-
lity and enjoyability of the equipment inside
it.

| started planning my computer system
cabinet as soon as | scattered my compo-
nents around the cabinet | had made for my
amateur radio gear. First of all, the cassette
unit had to be fastened down: | quickly
tired of holding it in place with one hand
while unplugging something or changing
a cassette. The power supply was constantly
running warm and | knew it should be on
stilts to increase heat loss. My separate video
monitor could have ended up either beside
the processor-keyboard cabinet or on top
of it, but | quickly decided to reserve the
top of the processor cabinet for a desk.
The monitor would be beside the processor
but angled toward the operating position
for improved visibility. The keyboard had
to be at a comfortable typing height, some-
where from 28 to 30 inches from the floor.

With these parameters in mind, | had to
decide on cabinet style. The styles that first
came to mind were the living room furniture
piece with finely grained wood and the
hobby room piece with modest wood grain
or painted wood. However, circumstances
led me to develop a somewhat different

cabinet style. | hope my final design will
prompt readers to forge ahead with their
own cabinet ideas.

The need to transport the system out-
side my home, combined with my dislike
for connecting and disconnecting wires,
dictated the cabinet design shown in figure
1 and photos 1 through 3. If | wanted to
demonstrate it at the school where | teach
or elsewhere, it would have to be operable
as soon as it was opened and plugged in.
Nothing kills interest more than 30 minutes
of wire fiddling.

The cabinet shown is sturdy enough to
take some licks in a truck or car. While it
is closed and bolted, a bicycle chain can
be run through the two U-bolts and around
the nearest oak tree, making it very incon-
venient to move or to open without some
commotion. When the lid is taken off the
equipment base, it can be turned up on one
side to become a pedestal upon which the
equipment base can be set. The whole affair
is quite stable when set upon a reasonably
level surface, and the lid interior provides
knee room and space for keeping notebooks
and demolished programs. When closed
it can be sat upon, and, although there’s
absolutely no way to lug it around in a
VW beetle, it will fit in the back (not the
trunk) of my 2 door Falcon with a little
imaginative stevedoring. In short it does
what | require very nicely, and if | had to
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CABINET SIDE

build it over again | can think of very
little ! would change. After | painted the
inside of the lid, it looked fine in a corner
of the living room. What more could one
ask?

Some comments on construction details
might be helpful. The size of the equipment
base is dictated strictly by the dimensions
of the equipment to be placed on it. The
width of the base, however, should not be
much wider than 25 inches or the work
surface will be too high for operating com-
fort when the cabinet is open (unless you
like to stand while you work). Note that all
equipment must fit within the dotted line
perimeter shown in the equipment base
drawing. Otherwise, equipment may get
damaged by the bolt rails! | cut the plywood
pieces for the lid with a smooth cutting
plywood blade in my table saw and took
great care to make cuts exactly to dimen-
sion, because the whole lid was assembled
by gluing the side pieces to the top. The
small gluing blocks are tack-nailed in
place while the glue dries. These blocks
are for structural reinforcement and do
not hold the lid together while the glue
sets. Bar or pipe clamps must be used to
provide the necessary pressure. A cabinet-

CABINET END

making friend or a school shop might be
a good source for these if you have none.
The only permanent metal fasteners used
are the two screws through the base into
each runner, and they serve primarily as
gluing clamps as well.

The bolt rails are glued around the inside
edge of the lid (Be certain to recess them a

Photo 3: The cabinet locked up and ready for transport.
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( ANNOUNCING

= ;- T 3 e New
from DEC

LA34 DECwriter IV

51,1990

¢ 110 or 300 baud, RS 232C serial = Upper/iower case, 9 x 7 dot matrix
ASCII * 10, 12,13.2, 16.5 characters /inch
* Friction feed, paper width to 15" e 2, 3, 4, 6, 8, or 12 lines/inch
o 22"Wx 7"Hx 15'%"D, 25 Ibs.

Telatype 43 3 999,00

e RS 232C, 110 or 300 baud
e Upper/lower case full ASCII
* Pin feed, 12" x 8%2" paper

T.1. 810 printer $1,695.00
New

from DIABLO

DiABLO 1640 $2,690.00

Receive-only  $ 2,331.00

High-quality daisywheel printing at
45 cps.

DiABLO 1650 $2,779.00

Receive-only $2,419.00
Metal daisywheel printing at 40 cps.

150 characlers per second

RS 232C serial interface
Adjustable forms tractor
Upper/lower case option $90.00

soroc 19120 $ 795.00

e RS 232C, i full 00
peu upper/lower case ful SOROC l0 140 31.250.

* Numeric keypad, protected fields  * RS 232C and 20mA current loop

o Cursor keys plus addressable e Exlensive editing features
cursor e 25th line terminal status display

e 16 function keys (32 with shift)

e Auxillary extension port

To Order. Send certified check (personal or company checks require
wo weeks 1o clear) including handling” and 6% sales tax if delivered
within California.

“Handling: Less than $2,000, add 2%; over $2,000, add 1%. Everything
shipped freight collect in factory cartons with manufacturer’s warranty.
Visit MICROMAIL at the National Computer Conference — Personal Com-
puting Festival, New York City, June 5-7, Booth 128,

e VHCRURTHIL .

MICROMAIL « BOX 3297 « SANTA ANA, CA 92703

lune 1979 © BYTE Publications Inc

(714) 731-4338 )

Circle 222 on inquiry card.

distance equal to the thickness of the
equipment base as the drawing shows!).
Holes are drilled through these rails to
take carriage bolts. Be sure to use carriage
bolts because they have a square section
beneath the round head which will set into
the wood when pulled up tight and will not
require further fastening to the bolt rails.

Trim the equipment base so it fits easily
inside the lid, and drill the holes through
which the carriage bolts will pass 1/16 or
1/8 inch larger in diameter than the bolts
to save trouble when you first try to set the
lid down over the base. Cut out the slot
through which the U-bolts will pass with a
jigsaw or coping saw, and provide a little
extra play here too. The position of the
runners should not vary much from that
shown, but before you decide exactly where
they will be, set your components on the
equipment base and note where holes will
be drilled to fasten the components to the
base. Wouldn't it be a shame for one of the
equipment mounting screws to have to come
up from the underside right where a runner
was located? | was lucky! | didn't even
think about this hazard until it was too late
to do anything about it, but luckily every-
thing cleared.

You will note that edges of plywood tend
to have unsightly gaps, and the surface will
have dents and dings. Before sanding the
wood preparatory to painting, take a putty
knife and some patching paste and fill these
defects thoroughly. [t's easy to do and
makes all the difference in the finished iob.
When you sand, these fillings will level off,
corners and edges will get smoothed and
slightly rounded, and you’ll get a smoothly
painted surface. | avoid painting whenever |
can, but when painting raw plywood | have
to admit that the final results are well worth
the trouble of first putting on a primer coat
and then a finish coat with a light sanding
between coats. The only thing worse than
painting once is painting twice, but when it’s
all over you have a surface you don’t mind
showing off.

As a finishing touch, some acorn nuts
look good on the ends of the carriage bolts
since they protrude toward the operator
when the cabinet is set up.

For icing on the cake how would you like
to hear that this whole project can be cut
out of one sheet of plywood? Tough luck!
Unless someone out there pulls a topological
trick or is the owner of a more compact
system than mine, you'll need a whole
sheet and a scrap from the lumber com-
pany’s cutoff pile for one of the ends. Sorry
about that, but everything doesn’t always
work out for the best.

Happy woodworking!®



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

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

Smoke Signal’squality-packed
Chieftain I features two 5.25-inch mini-
floppy drives and Chieftain II fea-
tures two 8-inch floppy drives. e

Both microcomputers PPRNNN S

provide 32K static memory, &
two serial I/O ports, a 2 2
MHz processor board, a2K
RAM monitor, a nine-slot
motherboard with built-
in baud rate generator
and gold connectors for
high reliability. The
Chieftain’s stylish leath-
er-grained cabinet houses
the above with its own
cooling fan and regulated
power supply.

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

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

So see your nearest Smoke Signal

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

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

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

Name
Address
Company
City
State/Zip

SMOKE SIGNAL !
" BROADCASTING |

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

Hail to the Chieftain

Smoke Signal Broadcasting, 31336 Via Colinas, Westlake Village, CA 91361, (213) 889-9340

Circle 328 on inquiry card.
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James A Gupton Jr
7416-G Pebblestone Dr
Charlotte NC 28212

ABOUT THE
AUTHOR:

Mr fames Gupton [r
has a most unusual
background  including
photography, electro-
optics research and de-
velopment (which re-
sulted in five patents on
computer video display
tubes and phosphor
screens), along with
teaching  electronics.
The Union County Ca-
reer Center is the only
high school in North
Carolina to provide an
electronics program
which covers subjects
from direct current to
microprocessors.  This
program s under the
guidance of Mr Gupton.
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Talk to a Turtle

Build a Computer Controlled Robot

What do personal computer experiment-
ers do with their microcomputers when
computer games lose their appeal and they
tire of programming things like, “140 FOR
X =1 to 500: PRINT X: NEXT X " ? The
exciting idea of adding a computer con-
trolled robot suggests building your own R2-
D2 robot from Star Wars. It might not be
wise to start with a project as sophisticated
as duplicating R2-D2, but there /s a way

i X

“‘5 F‘\

" wa TR
| »

2%

you can begin a robot project on a smaller
scale. It works, too!

The Terrapin Turtle is a fascinating robot
project that most experimenters can fully
assemble in four hours. It runs forward,
backward, turns left or right, blinks light
emitting diode eyes, and can talk in a two
tone beep. Its shell is mounted on a spindle
that engages one of four microswitches.
These relay a signal back to the computer

Photo 1: Jeffrey Dunn (foreground) and Richard Voss check off the Turtle components against

the parts list.



over its 10 foot umbilical cord, indicating
when the Turtle has run into something
from either front, right, left, or rear side. If
you direct the Turtle on an exploratory trip
around the room, its journey can be recorded
by your microcomputer. On completing its
journey, the Turtle can actually draw a map
of its path using an internal ball point pen.

The Terrapin Turtle illustrated in this
article was assembled by high school stu-
dents at the Union County Career Center in
North Carolina. The total assembly time was
four hours from start to initial test. This
article is not intended for use as a con-
struction project, but rather to introduce
you to computer controlled robots.

Assembling the Terrapin Turtle

The cardinal rule for assembling any
clectronic kit is to begin by checking off
each component on the parts list. Photo 1
shows Jeffrey Dunn and Richard Voss
checking the components of the Turtle kit

Photo 2: The foil side of the Turtle’s printed circuit board.

Resistors

510 ohm % W: R9, R10

100 ohm % W: R21, R30

15 K ohm % W: RS, R6, R7, R8, R29, R22

50 K ohm % W: R19, R20

1 K ohm potentiometers: P1, P2, P3, P4

1 Kohm % W: R1, R2, R3, R4, R11, R12, R13, R14, R15, R16, R17, R18, R23,
R24, R25, R26, R27, R28

Capacitors
C1 0.1 mF 35V
C2,C3 500 mF 35 V

Diodes

1N4000 D1, D2, D3, D4, DS, D6, D7, D8, D9
3.9V zener D10

Transistors

2N2222 Q1,Q2, Q3, 04, 5, 06, Q7
GE-D40C4 Q8,Q9,0Q10,0Q11,Q12,Q13,Q14,Q15,Q19

Table 1: The Turtle component part list. The complete Turtle kit, including
all hardware, printed circuits, electronic components is available from Terra-
pin Inc for $300.

Photo 3: The component side of the circuit board.
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against the parts list. Once assured that
everything was included in the Kkit, the
printed circuit board was examined for
possible scratches. Photo 2 shows the etch
side of the 5 inch diameter printed circuit
board. Photo 3 shows the component side. |t
was quickly noted that not all resistor values
were printed on the component side, and

P3
Qs AN RB that there was no identifying resistor num-
O @ AMA- R7 % % @ ber to relate any resistor to the schematic.
RI3 R4 RII The instruction booklet stated that eighteen
-’\N\r e RIS RI2  AAA- 1000 ohm resistors should be placed where
RI6 3 , -
the resistor symbols did not have a value in-

dicated. Figure 1 is a supplemental instruc-
tion that identifies each component cor-
responding to the schematic diagram.
Richard Voss was in charge of assembling
the printed circuit board for the Union
County Career Center’s Turtle. Photo 4
shows the soldering of the Darlington tran-
sistors that control both of the Turtle's drive
motors. Notice the micro-tip, low wattage
soldering iron and 0.020 inch {(0.05 cm)
diameter solder being used. All too fre-
quently electronic kits are damaged during
assembly by the use of high wattage solder-
ing tools which damage the heat sensitive
foil and apply too much solder. An excess of
solder can short out both the closely spaced
Figure 1: Supplemental diagram showing component identification numbers component pads and the circuit paths with
which relate to schematic locations. solder bridges. Once the soldering has been

g6 raC Q O oo|5| 53|oo 0|0|QRI

D5 DG % DI D2

N Rt X[ ¢ HpE
R27% %RM .;* %st
: *g‘%

TERRAPIN TURTLE ™

RI7

Y rensy S I,

Photo 4. Soldering the installed components. Photo 5: Inspecting the assembled components.
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SSM “BLUE BOARDS”

The Standard of Value

If youre looking for -
outstanding value in
S-100 boards you can't

“ [ Available
afford to overlook the “Blue assembled

Boards” from SSM. The best = ‘ ol
combination of design, quality g W g yau 08
and price available anywhere. Innovative designs
that feature versatility and reliable performance.
Quality backed by a strong warranty. And prices
that won' let you down.

But value goes beyond the boards themselves.
It's reflected in the company that stands behind
them. And SSM has been known for unparalleled
customer service since the beginning of the
personal computing industry.

" With one of the broadest product lines in the
S-100 marketplace, it's likely that SSM has the
board you need. So, if youre looking for value, ask
for the “Blue Boards’ Theyre available at over  Ourproduct line includes CPU, Video,

i : : 1/0, RAM, EPROM, EPROM Programmer, Music,
]50 ComPUter stores nationwide and abroad. Prototyping, Terminator, Extender and Mother boards.

== 2116 Walsh Avenue Send for our free brochure and find out why SSM has
A/ / Santa Clara, CA 95050 (408) 246-2707 become the favorite of discerning Hobbyists and OEM:s.

We used to be Solid State Music. We still make the blue boards.
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finished, it is wise to recheck the placement
of the components, just to be doubly sure.

Care must be exercised to keep the tabs
on the Darlington transistors from touching
one another. A small piece of plastic tape on
each tab will save the transistor should the
tabs accidentally be brought together while
under power. Photo 5 shows the final in-
spection of the assembly of components
onto the printed circuit board. Photo 6
shows the completed circuit board.

Figure 2 provides the circuit schematic
for the control of the Turtle’s left and right
motors and the internal ball point pen, The
pen is lowered by a 12 V solenoid upon
command from the computer. Figure 3

shows the schematic for shell touch sensors,
lights, and sound control. The figure also
shows the power attachment points for the
operation of the Turtle’s electronics and
motors. A 12 V, 3 A power source is re-
quired for the best performance. The Turtle
can operate, however, with a power source
of 1 A capacity if the 3 A source is not
available. The Turtle illustrated in this
article was powered by a 4 A regulated
power supply.

Photo 7 shows the final assembly of the
printed circuit board onto the motor hous-
ing. The most difficult part of the entire
assembly was forcing the rubber tires onto
the wheels. It is almost impossible to do this

Photo 6. The completed board, showing the uncluttered layout.



Photo 7: The printed circuit board, shown at-
tached to the Turtle’s motor drive housing.

by yourself — a second set of hands will be
needed to mount the rubber tire onto the
wheel. Photo 8 shows the assembled Turtle
minus its sensor shell and the two power
supplies used for testing without the use of a
microcomputer. The Turtle is controlled
with a TTL (transistor-transistor logic) volt-
age of 0 V and +2 V. This may cause some
problems for parallel interfaces that function
between 0 V and +5 V. The higher voltages
can damage the 2N2222 Darlington tran-

Text continued on page 84

Photo 8: The completed Turtle, connected to a power supply for testing.
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Figure 2: Schematic of the Turtle’s motor control and pen control circuitry.
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AT YOUR COMPUTER RETAILER NOW

TRS-80, Apple 11, Sorcerer, SOL and Southwest
Tech 6800 owners: get more out of your personal
computer.

Get into action with G2 Bullseye!, Sea Battle,
Confrontation and Attack!

Sharpen your analytical abilities with G2's Outwit
I, Outwit Il and Mind Bender. '

Take a chance with G2's Beat the House. Check
out your health with Clinic.

And enjoy the challenging experience of two new

G2 computer simulations: The Market and Wildcatting.

1. Or get serious with three powertul new
languages. Level III Basic for the TRS-80. Extended
Basic for the Sd)L. And Standard Basic for the
Southwest Tech|6800. All written by Microsoft—the
Basic wizards. F.xclusively from G2.

*
A Product of GRT Corporation
Consumer Computer Group
1286 Nowth Lawrence Stahon Foad, Sunnyvale, Cabtormia 94086 108 234 010

cOrpOaATON

Clrcle 151 on inquiry card.

Our software has more so your computer does
more. Great programming. Highest quality cassette.
The most comprehensive instruction manual available.
Plus source listing print-out of every application
program in Basic. You can learn how the programs
were written. We even encourage you to do your own
re-programming to improve your skills!

G2 software is available from computer retailers
nationwide. If your local retailer doesn’t have it, ask
him to become a G2 dealer by calling us toll free:
(800) 538-8540 (U.S.A.) or (800) 672-8691 (California).

THEREASON —
YOU BOUGHT
YOUR COMPUTER.

4
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SHELL TOUCH CONTROL
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Figure 3: Schematic of the Turtle's touch sensor, lights, and horn control

circuitry.
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Anadex Domestic Representatives:

Barnhiil Two, Inc.
Richardson, Texas
(214)231.2573

Houston, Texas
(713)688-9971

Austin, Texas
(512) 451-0217

Barnhill Three, Inc.
‘Denver, Colorado
(303)750-1222

Scottsdale, Arizona
(602)947-7841
Albuguerque, New Mexico
(505) 299-7658

Salt Lake City. Utah
(801)484-4496

.Basic Systems, Inc.

Inglewood, California
(213)673-4300

San Diego, California
{714)279-9641

Carter, McCormic & Perice, Inc.
Farmington, Michigan
(313)477-7700

Dayton, Ohio
(513) 222-7700

Cleveland, Ohio
(216)779-5100

Monroeville, Pennsylvania
(412)372-4415

Currie, Peak & Frazier, Inc.
Orlando, Florida
(305) 855-0843

Huntsville, Alabama
(205) 536-5650

Greensboro, North Carolina
(919) 273-3040

Rush S. Drake Associates, Inc.
Seattle, Washington
(206) 763-2755

Portland, Oregon
(503) 224-3145

Electronic Marketing Associates

Rockville, Maryland
(301) 881-5300

King of Prussia, Pennsylvania
(215) 265-1600

Pat Jenks Associates
Hamden, Connecticut
{203)281-0810

Wakefield, Massachusetts
(617)246-1590

Ossman Instruments, Inc.

East Syracuse, New York
(315) 437-6666

Rochester, New York
(716)473-5720

Vestal, New York
(607) 785-9947

Pivan Engineering Company
Chicago, Ilinois
(312) 539-4838

Saint Louis, Missouri
(314) 567-3636

Shawnee Mission, Kansas
(913)722.1030

Indianapolis, Indiana
(317)253-1681

Minneapolis, Minnesota
(612)835-3060

Brookfield. Wisconsin
{414)786-1940

Cedar Rapids, lowa
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Jay Stone & Associates
Los Altos, California
(415) 948-4563

Technical Marketing Associates

Fort Lee, New Jersey
(201)224-6911

Circle 7 on inquiry card.



The Anadex 80 Column Printer.

First check

the specs.
Then check
the price.

Our new 80-column dot
matrix line printer —the
DP-8000 - combines high
performance and operating
convenience with a low price
that's worth checking into.

[ Check Performance
The DP-8000 features a

precision engineered, heavy

duty printing mechanism that

can print the complete

96 ASCII character set, bi-

directionally, at 84 LPM.

[] Check the Interface
Included at no extra cost,
are two input connectors (see
photo) that provide three basic
ASCIl com-
patible inter-
faces: EIA
Std. RS232C,
for inter-
facing at up
to 96000
Baud with
most mini-
computers
and modems; the 20/60 ma
current drive mode required
by Teletype® ASR33-35
printers; and the parallel-bit,

serial character synchronous
Centronics compatible
interface.

The DP-8000 includes 12
lines of internal FIFO buffer
storage and can accept data
continuously or in bursts.
Optionally, increased buffer
storage of 2048 characters
can be supplied for CRT dump
and similar applications.

[] Check Printer Quality

A 9 X 7 character font
provides virtually
half-dot resolution
for clean crisp print
quality on the
original plus
three copies.

Precise paper
positioning is
ensured by a
sprocket-feed paper advance,
user-programmable Top of
Form control, and up to 8
vertical tab positions.

[ Check Convenience

For operating ease, the
DP-8000 accepts paper
through the rear or bottom of
the unit, provides pro-
grammable Skip Over Perfo-
ration control, and Qut of
Paper indication and logic
signal.

] Check the low Price

The best news is the price.
A complete DP-8000 is unit-
priced at under $1000, with
substantial discounts in larger
quantities.

Once you've checked out
the performance and price,
we think you’ll agree that the
DP-8000 is definitely worth
checking into.

A@nnadex

ANADEX, INC. ¢ 9825 DeSoto Avenue ¢ Chatsworth, CA 91311, US.A.  Tel: 213/998-8010 » TWX 910-494-2761
ANADEX, LTD. ® Dorna House, Guildford Road ® West End. Woking. Surrey GU24 9PW. England e Tel: Chobham (O9905) 6333 « Telex: 858762 ANADEX G
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Photo 9: The Turtle with shell attached as a final assembly step.

Text continued from page 79:
sistor driver. Photo 9 shows the attachment
of the plastic Turtle shell.

Does the Turtle work? Yes it does, even
with a makeshift computer keyboard tempo-
rarily substituting for the parallel interface
of our computer. The students studied the
keyboard’s ASCI| code and developed a list
of keys necessary to command the Turtle’s
movements, lights, and horn. The Turtle
will go under full computer control as
soon as an expansion interface can be
acquired for our TRS-80 microcomputer.

Those wishing to investigate the Turtle
kit, its capabilities, and its cost may obtain

full details by writing to:

Terrapin Inc

33 Edinborough St Sixth Floor
Boston MA 02111

Attention: David L McClees, President

In addition, the following address is fur-
nished for those wishing additional informa-
tion on the application of robots:

United States Robotics Society

Box 26484

Albuquerque NM 87125

Attention: Glenn R Norris, Presidents



Color. VP-590 add-on Color Board allows program
control of 8 brilliantcolors forgraphics, colorgames.
Plus 4 selectable background colors. Includes
sockets for 2 auxiliary keypads (VP-580). $69°

Sound. VP-595 Simpie Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
with easy instructions. $24°

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

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

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verity 5-volt 2716 EPROMs—comparable to units
costing much more than the VP-565 and VIP put
together! Programming voltages generated on
board. ZIF PROM socket included. $99°

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

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

Tiny BASIC!* VP-700
“tns Expanded Tiny BASIC Board
puts this high-level language
onyour VIP. BASIC stored <
in 4K of ROM. Ready forim-
mediate use—no loading
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—including
color and sound control!
Requires external ASCII
encoded alpha-numeric
keyboard. $39:

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

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

With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby-
ist. And the basic VIP com-
puter system starts at just $249* assembled
and ready to operate.

Simple but powerful—not just a toy.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter-
face relays, sensors or other peripherals. It's
Circle 322 on inquiry card.

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

Take the first step now.

Check your local com-
puter store or electronics
parts house. Or contact
RCA VIP Marketlng New Holland Avenue,
Lancaster, PA 17604. Phone (717) 291-5848.

“Suggested retail price. CDP18S711 does not include video monitor or cassette recorder
‘*Available 1st Quarter, 1979

See the RCA VIP at the 3rd Annual National Small Computer Show
at the New York Coliseum, August 23-26, booth 4211.

The fun way
into computers.
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Few people have ever had the experience
of attempting to trace their way through
a real maze, so I’'m going to ask you to
settle back and allow your imagination
plenty of freedom.

The absolute darkness surrounding you
is barely broken by the candle you carry
in your hand. You see enough to know
that you are in a featureless corridor, but
how far it extends, you can only guess.
Somewhere within this maze is a massive
gold plate. !f you can find this plate, it
will become yours and you wil! be removed
to safety.

You are allowed to leave any kind of
signs you wish to mark your trail. You
know that any corridor you are in will
eventually come to a dead end, but it
may have any number of similar corridors
branching off it. The overall dimensions
of the maze are such that the average per-
son could explore it in its entirety before
becoming exhausted, if he or she didn’t
waste a lot of time and energy going in
circles.

The Beginning

Years ago | read a brief article about
a mechanical mouse that could find its
way through simple mazes. Embedded
within the walls of the mazes were a number
of switches which served as sensors for
the brain. The brain was a collection of
relays whose points and coils functioned
as a large switching network. By trial and
error, this mass of hardware could direct
the mouse through the maze unti! it reached
the exit.

Over the years, | kept this idea in the
back of my mind. ! was interested in build-
ing such a maze, but the cost and complex-
ity of the project were greater than the
potential satisfaction. After | purchased
my personal computer, these obstacles
disappeared. !f | was willing to accept a
computer simulation of this project, |
could fulfill my dream at no extra expense.

| would need to write a program, of
course, but | felt that this would be an
easier task than designing and building

What follows is the story of how | created
a program that would allow my computer
to run through mazes similar to the one

I've just described. I've included a general

description of how the program operates,
instructions for using it, and a complete
listing of the program.

| regret that | am unable to give you a
motion picture of this program in opera-
tion. The best | can do is to explain that
| first create a maze as simple or complex
as | wish on the screen of my video display.
| have the cursor operating in its optiona!
nonblinking mode and it therefore appears
to be a solid rectangle. As soon as | turn
control over to the program, it begins
to maneuver the cursor in and out of the
various pathways of the maze. The cursor
will dodge up and down, back and forth
until it eventually finds its goal. The sight
of this mad little cursor zooming around
the walls of the maze is absolutely fascinat-
ing.

Even if you don’t intend to get this
program up and running, | invite you to
come along and explore some areas | found
to be quite interesting.

a complete hardware project. As | began
to consider what features to include in

my program, | came to realize that in
several respects, the computer simulation
would be superior to the real thing. One
important difference was that | could
have a maze of greater complexity than
would have been feasible with a mechan-
ical version.

Another advantage was the ease with
which new mazes could be prepared.
Watching repeated runs through the same
maze would eventually get monotonous.
The choice between shifting and aligning
plywood panels or pushing a few keys
was no contest. Finally, my entire com-
puter system fits neatly on a small desk.
The maze ! had visualized making was
about the size of my living room.

For several weeks | spent much of my
spare time considering various ideas for
the program. This allowed me the oppor-
tunity to explore a wide range of possible
features without having to do any actual
programming. Gradually, | evolved astraight-
forward set of goals that | felt would pro-
vide an interesting simulation, but would



not be beyond my capability as a program-
mer.

With these basic goals in mind, | sat
down and drew up the simple flowchart
you see in figure 1. In graphic form, it
indicates that the first function of the
program is to assist the user in creating
the maze. Once the maze has been pre-
pared, the computer will run the maze
until it reaches its goal. At this point,
the user can run the same maze again or
prepare a new one.

A tremendous number of details had yet
to be worked out, but this diagram gave me
a secure starting point. Before | could pro-
ceed any further | had to make a major de-
cision. From a practical standpoint, designing
the program to print out successive sets of
coordinates for its moves seemed to be fairly
simple. This would mean, however, that the
user would have to manually move a marker
around on a diagram of the maze. My deci-
sion to display the maze on the video dis-
play and let the computer move the cursor
through the maze increased my work, but
made the program far more interesting.

Runs Mazes

Program

If you will take a few moments to study
figure 2, you will discover that it is really
an expanded version of the first block in
figure 1. The series of tasks outlined in
figure 2 must be performed by the computer
and the user in order to set up the maze.

The program begins by having the com-
puter print out a complete list of the com-
mands the user will use to create the maze.
After the user indicates his understanding
of these commands, the computer issues
signals to the display to erase the screen
completely. The computer then clears a
section of memory that it will later use
to remember the maze and the moves
through it.

Once the screen and block of memory
are cleared, the program prints out a maze
and stores a map of it in its special memory.
At this point the program allows the user
to use a few one letter commands (such as
U for up and L for left) to modify the
maze. As each command is issued, the

Figure 1: Flowchart of
three phases of the maze
running program.
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program coordinates the making of changes
on the screen and the storing of these
changes in its block of memory. Once
satisfied with the maze modifications,
the user issues a final command to signal
this fact to the computer. The program
will respond by beginning to run the maze.

Maze Creation

The following additional information
should help to clarify the above remarks.
Once | decided to have the maze displayed
on the screen, | needed to select a method
of getting the maze onto the screen. One
method would have been to allow the user
to draw the maze on a blank screen. By
properly positioning the cursor, the user
could have printed a series of Xs anywhere
that a wall was desired. | felt that this
approach would work, but due to the
heavy burden it would place upon the
user, | selected another method.

Figure 2: Flowchart ex-
pansion of setup block
from figure 1.
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Figure 3: Horizontal paths of maze.
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Figure 3 shows a box with alternating
rows of Xs and spaces. These represent
the horizontal paths and walls of the raw
maze. Note that there is no way to get
from one horizontal path to another. To
create such a pathway, the user would
simply erase any X on the line of Xs sepa-
rating them.

Figure 4 represents the vertical paths
and walls of the maze. Again, the paths are
totally separate, but the user could easily
make an opening between the adjacent
paths by erasing one X.

Figure 5 is the result of combining
figure 3 with figure 4. What you see in
figure 5 is the initial maze that I've been
referring to. Another way of looking at
it is to think of it as an aerial view of a
grid of streets running north-south and
east-west. Imagine that roadblocks have
been established at every intersection.
To get from point A to point B, it is nec-
essary only to remove the specific road-
blocks blocking your route. For the pur-
poses of this program, the user performs
a similar operation by removing those
Xs which block the paths he desires through
his maze.

This concept is illustrated in figure 6.
By erasing the blocking Xs along the de-
sired horizontal and vertical pathways, we
are able to create a functional maze. We
must remain on those pathways and can
erase an X only if it is blocking us unduly.
In practice, we can only erase an X if there
is a space either above and below it, or to
the right and left of it.

The above can be a little confusing, even
after you are used to it. Because of this, |
built a routine into the program which
automatically checks every X you try to
erase and determines whether or not that
particular X may be erased. If a given X
may not be erased, your command will
be ignored. As a result, you need not worry
about making an error, but remember when
you try to erase an X and nothing happens,
that the program is designed to do this.

Among the Xs which cannot be erased
are those which form the borders of the
initial maze, meaning that there is no escape
from this maze. It doesn’t really matter.
Unlike other mazes (in which the idea is to
escape), the goal of the computer in this
program is.to find ‘“food”, indicated by
the letter F.

Command Details

While the program does print out a list
of all the valid user commands, | feel it is
worthwhile to elaborate. One of the basic
principles involved in setting up the maze
is the fact that the cursor is not allowed
to pass beyond any boundary of the maze.
This means that when the cursor reaches
the right side of the maze, it will not be
able to ‘‘wrap-around” and reappear on
the left side of the screen. It doesn’t matter
in which direction you are moving: when
you reach a boundary line, you will be
stopped from going any further. Should
you try to go further, the command will
be ignored.

| chose this approach to facilitate coor-
dination of the on-screen maze and its
counterpart stored in memory. Coordina-
tion of the cursor on the screen and the
block of reserved memory is critical to the
successful operation of this program. It
is important that | included a routine
designed to abort the program if certain
commands are detected.

Because it is so much easier to remember
the letter R for right rather than Control-|
for right, | decided to allow the user to use
U, D, L and R to cause the cursor to move
up, down, left and right. In operation, the
program recognizes these easy to remember
commands and substitutes the specific
control character used by the terminal
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One of the largest and fastest growing
companies in the microcomputer in-
dustry is looking for talented peoplein all
areas of microcomputer development,
marketing, sales and suppart. If you
have experience in microcomputing and
an interest in one of the areas below:

PROGRAMMING:

Applications software for the home of
the future and office of the future.
Systems software fur English parsing,
voice recognition and other advenced
I/O devices.

HARDWARE R/0):

Microcomputer networking for home
and office and advanced I/O devices.

MARKETING:

Presenting advanced concepts to the
personal, small business and educa-
tional marketplaces.

SALES:

_ Computer dealer relations.
~ New busifless development.

SUPPDRT:

Innovative training approaches for
&mployees, dealers and customers. .

-

Submit: your detailed resume in con-
fidence to the Director of Personnel.

OHIO SCIENTIFIC

1333 S. Chillicothe Road ¢ Aurora, Ohio 44202
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Figure 5: Complete maze grid,
ponents.
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Figure 6: Functional maze
produced by removing Xs
from the grid of figure
5.
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containing all horizontal and vertical com-

XXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXXXXXXXXXXXXXXXXX
X X X X X X X Xx X
XKXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXXXXXXXXXXXXXXXXX
X X X X X X X X X
XXX XXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX
X X

XXXX XXXXX XXXXXKX
X X X X X
XXXX XXX X XXX XXX
X X
XXXX XXXXXXX XXXXX
X X X X
XXX X XXXXX XXX X
X X X X
XXXXXXXX XXX XXX X
, X X X

XXXX X X XXX XXX X
X X X X X X
XXXXFXXXXXXXXXXXXX

device for the intended cursor movement.
| followed this approach because it was
relatively easy to program and made things
easier for the user. However, should the
user input one of the actual control char-
acters recognized by the terminal system,
synchronization between the on-screen maze
and the special block of memory would
probably be lost. Rather than permit this
to happen, | chose the simple alternative
of having the program check each command
input by the user. If it detects any control
character, it will immediately erase every-
thing on the screen and return to MIKBUG
control. The program itself will not be
affected, but you will need to reenter the
program at its starting address and begin
again.

Other Commands

The remaining valid commands are C,
H, F, E, and S. These stand for carriage-
return, home-up, food, erase and start.
Carriage-return moves the cursor to the
left of the current line, while the home-up
command is used to move the cursor to
the upper lefthand corner of the maze.

When you have the cursor positioned di-
rectly over an X you wish to remove, use
the erase command. Use the food command
to replace any X in the raw maze with an F.
You may set up several target Fs around the
maze, but the program will stop its search
as soon as it finds the first one. When you
are ready to allow the computer to run the
maze you have prepared, issue a start com-
mand.

Issuing the start command removes
control of events from the user and turns
everything over to the computer. As soon
as it takes control, the computer checks to
see whether the cursor is positioned over
an X or a space. At this point, if the cursor
is over a space, the computer will begin
its search. If, however, the cursor is over
an X, the computer will move it to the
space in the upper lefthand corner. Either
procedure gives the computer a valid point
from which to start, and as soon as one has
been taken, the computer prepares to make
its first move.

Strategy

| now need to discuss, in general terms,
the strategy used by the program to move
around the maze in search of food. A good
place to begin is with figure 7. This type of
diagram is referred to as a tree. Such a
diagram by itself does nothing. When used
as an aid in solving certain types of problems,
such trees can make it much easier to
visualize relationships of various elements
of a problem.

If we assume that each circle represents
a combination of factors which could be
the desired answer, our task is to devise a
scheme of searching through the tree until
we find the solution. A number of methods
for doing this are available. While the one
that | selected is not the best, it is reasonably
efficient, provides an interesting simulation,
and is so simple to understand that | had no
reservations about using it as the basis for
the most important part of the program.

The strategy | selected for my program
is embodied in the following set of simple
rules. The first rule is that once a passage-
way is entered for the first time, it is ex-
plored until a dead end is reached. During
this initial search, any corridors branching
off the passage being explored are ignored.
The second rule is that after a dead end is
reached, special signals are stored in the
reserved block of memory until the com-
puter must either change direction or reach
a new corridor. These signals mean that
it is not necessary to explore that particular
corridor, as it is already known that the goal
is elsewhere. In effect, the program will later
react to these signs in the same way that




“The data from this experiment
could affect national defense. That's why
we use Scotch Brand Disk Cartridges.”

Ken Bish, Engineer,
Systems Research Laboratories,
Inc., Dayton, Ohio

Every Scotch Disk Cartridge is
tested and certified error-free before
it leaves the factory. Because, for
the defense of your data, nothing
less than perfection is acceptable.

The disks in Scotch Disk
Cartridges are defended by 3M's
exclusive CRASHGUARD®
protective disk coating. It greatly
minimizes the possibility of a head
crash, and minimizes the damage,
should one occur.

Scotch front-loading Disk
Cartridges also feature our exclusive
Living Hinge air door, which
reduces the possibility of damage to
the disk from contact with the air
door stop during shipping and
handling.

You can get Scotch Disk Cartridges
in front or top-loading models.

To find out where you can find Scotch
Disk Cartridges or virtually any
other data recording medium, call
toll-free: 800-328-1300. (In Minne-
sota, call collect: 612-736-9625.)

Ask for the Data Recording
Products Division.

If it’s worth remembering,
it's worth Scotch
Data Recording Products.
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Figure 7: Search tree used
by program to find its
goal.
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Figure 8: Typical search undertaken by computer. Starting at point 1, the
cursor moves right to the dead end at point 2. Marking this position with a
special code in memory, the cursor moves left, finding the unexplored cor-
ridor at point 3. The cursor changes direction to explore this, until stopped at
point 4. Leaving a dead end code, the cursor again reverses, and discovers the
new passage at point 5. Changing direction and moving towards point 7, the
cursor reaches the "food’’ at point 6 and stops the search.
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it would react to a wall. A third rule is
that when the program is retracing pre-
vious steps, it will begin exploring new
territory as soon as possible.

Search Details

To make these rules clearer, refer to
figure 8. Assume that the computer begins
its run at position 1. It will move to the
right until it reaches the dead end at position
2. Leaving special signals behind itself in
memory, the computer will move back to
the left until it encounters the new corridor
at position 3. As this is an unexplored passage,
it will stop retracing its steps toward posi-
tion 1 and change direction toward position
4. Once it arrives at position 4, it reverses
itsclf and, again leaving the special dead
end signs in memory, backs up until it
reaches position 5. Here, the computer
decides that it has found another unex-
plored avenue and begins moving toward
position 7. Halfway down this corridor
it finds the food at position 6 and, having
achieved its goal, stops the search.

In addition to the dead end signs, the
computer also marks each path it explores
with another signal to indicate that it has
been therc. Both of these signals are stored
in the reserved block of memory to serve
as guides in choosing the next move. They
do not appear on the video display screen
(where they would only cause clutter).

If you refer back to figure 7, you will
now be able to understand the strategy that
| have employed in this program. The pro-
cedure is to start at the top and, after
arbitrarily choosing one of the branches,
descend along it as far as possible. In this
instance, we go from A to D. Unable to
continuc at D, we back up the minimum
possible distance to C, where we encounter
three unexplored branches. One at a time,
we descend from C to E, F, and G. When
exploration of these three branches is
complete, we have eliminated everything
descending from C. Again, we back up
the least possible distance. In this casc,
we move from C back to B. At B we will
descend to explore the paths leading to
H, I, and J. Once this sequence has been
completed, we back up to A. We have,
at this point, thoroughly examined one
limb of the tree, and use of the same rules
over and over will eventually lead us to
the goal.

Onc last point concerning stratcgy must
be covered. Figure 9 illustrates a normal
trec with some abnormal additions: closed
circular paths, or loops. These may actually
be a truc representation of a particular
problem. They are not, however, used in



classic tree diagrams. Experts in the field of
artificial intelligence tend to disapprove of
such loops for they can raise havoc with
simple search strategies like the one I've been
explaining. It is entirely possible to enter
one of these loops and, following the rules
exactly, remain in the loop indefinitely.
This can all be summed up in the following
rule: do not create loops in the mazes you
set up for this program to run through.

Finally, on the matter of loops, figures
10 and 11 are examples of various mazes.
Those shown in figure 10 are incorrect
because of loops. Those shown in figure 11
are correct.

Run Completion

Now | am going to briefly describe what
happens once the computer completes its
run. If it was unable to find the goal (because
you forgot to include it or placed it out of
reach), the program will tell you that it has
no valid moves and will ask if you wish to
rerun the same maze.

If you indicate that you would like to
rerun the same maze, the computer will
clean out all the signs it placed in its special
block of memory and jump back to that part
of the program which allows the user to
modify the maze. It will print out a new
maze or change the one on the screen. If
you desire to start the next run from a new
location or further modify the maze, use the
same commands you originally used in set-
ting up the maze. When you are ready to
begin the new run, input a start command.

When the program actually finds the goal,
it goes through the same general routine as
when it has no more moves, with one major
difference: instead of reporting that it has
no more moves, it states that it has found
the goal. Beyond this, every thing is the same.

If, in either of the above cases, you indi-
cate to the computer that you do not desire
to rerun the same maze, the program will
erase everything on the screen, completely
clear out the special block of memory, and
then print out a new initial maze.

Minor Points

A few minor details remain of which you
should be aware. Foremost among these is
the cursor. | decided to use the cursor to
explore the maze because it was the easiest
way to do the job. The simulation is very
cffective when the cursor is operated in the
solid mode (as opposed to the normal blink-
ing mode). The program will function per-
fectly with a blinking cursor, but the visual
effect is not as pleasing.

Text continued on page 96

Figure 9: Search tree containing loop paths, which can cause problems.

Figure 10: Mazes containing loops. Creation of such mazes is to be avoided.
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Figure 11: Properly constructed mazes containing no loops. s s I®
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Sol.The small computer that won't
fence you in.

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

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

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

Remember, there's no
free lunch.

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

Sol small computers are at the
very top of the microcomputer

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

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

Build computer power
with our software.

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

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

Processor Technology FORTRAN
is similar to FORTRAN IV and

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

Our PILOT is an excellent text
oriented language for teachers.

Sold and serviced only by the
best dealers.

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

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

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

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

Circle 300 on inquiry card.

Processor lechnology



Table 1: Control codes used with the Southwest Technical Products Corpora-
tion CT-64 video terminal system.

ZE<CUO9R-—"TI

Controtl Character

Hexadecimal Code

08
09
0A
oB
10
15
16
0D

Back Space

Function

Forward Space

Line Feed

Move Up
Home Up
Erase End of Line

Erase End of Frame

Carriage Return

Listing 1: Since the original Maze program was hand assembled over several
hand written pages, the machine generated object code shown here in MIKBUG
format is the only verifiable representation. Spaces on each line make reading
easier, but do not enter the spaces into the computer. The last pair of digits
on each line is a checksum. The starting address is hexadecimal 003D.

s113
s113
S113
s113
S113
S113
s113
S113
S113
s113
si13
s113
si13
s113
Si13
si13
sii3
Si13
si13
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0000
0010
0020
0030
0040
0050
0060
0070
0080
0090
00AO
00BO
00Cco
00D0
00EO0
OOF0
0100
o110
0120

6580
2126
FFCA
973Kk
BDO2
02E3
38BD
9ACA
7386
6131
9F5B
88r9
5136
B383
8708
82CA
ceol
G14E
4748

6904
6131
27FF
32rB
00BD
BDO2
BFDE
CADB
64C0
6127
B24B
985B
4085
7523
D2D2
8A4LF
OABD
4433
340A

6420
63A4
92DF
99DF
020A
8CBD
09Co
1AC3
4633
672D
8ADA
90EA

61F5

6737
1FF4
98D8
EO7E
0AOCA
0D4C

2420
69AC
93FF
DAEB
BDO2
0480
8ASF
D9D7
65A3
2C2r
9203
EOEA
633F
6525
AB39
1859

‘BDEL

0D32
2D4D

A325
2D24
DIFF
D2EB
18BD
BDO4
92FF
12CF
6CAS
6DB6
C835A
DOEE
6DAGL
9D23
905D
82C0
AC9
2D4D
4F36

6501
2734
9ASF
5ADB
022C
9ABD
9ACF
SAFA
6724
6785
BAES
984A
2337
7588
80D1
1A46
1016
4r36

4D00
EF94
DAF6
DABD
BDO3
0500
9DEA
9ABB
6537
2520
00DB
1818
632C
2r35
19C9
828D
434r
4520

9580
2D2C
DAFF
0100
DCBD
7E00
13D2
9137
4401
27A5
D8DE
co57
7EAC
23r9
800A
0200
4D4D
5249

40
3F
60
B3
09
90
co
34
4r
33
37
9A
BE
Bl
18
13
22
23

4520 4C43 4634 D6

Listing 1 continued on page 98

Text continued from page 93:

While | was developing the program, |
found it desirable to include a delay routine
to slow the speed at which the cursor runs
through the maze. This delay is used when-
ever the program is exploring new territory.
It greatly increases the impression that the
computer is carefully considering each move.
The amount of delay can be varied by chang-
ing the contents of one location in memory.
The specific address is hexadecimal 06BE.
You may use any value between 01 and FF.
The maximum amount of delay is about one
second, which occurs when location O6BE is
set to FF. As the value stored in 06BE is
decreased, the amount of delay is reduced
until, with a value of 01, it is almost un-
noticeable.

Hardware Dependence

One final important topic is the config-
uration of my system. This program is
designed around that configuration, and
any other could cause problems. Most 6800
system owners should not have any diffi-
culty but, to be on the safe side, I'll go
over the details quickly.

First, my terminal system is set up to
print 32 characters on each line and 16
lines on each page. When | run this program
| operate my terminal in the page mode.
Table 1 describes all the control characters
used by my system to move the cursor
around and to erase the screen. The ter-
minal is set to upper case operations.

Loading the Program

The program (listing 1 is in the MIKBUG
tape format) is ready for hand entry. To begin
entry, assuming that you are under MIKBUG
control, type an L (load) and enter each line
exactly as it appears. If you make a mistake,
the checksum error detection feature of
MIKBUG will catch it and cause the terminal
to print a question mark. In order to pro-
ceed, again enter an L command and retype
the line in question.



NE SURE OD ALICE.
LING ,WE CARRY SOPTWARE

MESIDEG OUR. OWN EXTENSIVE
™ PRRSONAL SOFTWLARE,

TRo
SHAALL VBTG M SOFTLLARE, 80-US, CREATIVE COMPUTING,

CLRACLE ENTEZPRIECES AND MANY OTHEL SOPTLUAE
: 2 =l

52| \
PILLER GENT meE |
HERE . HE TOLD ME THRT YOU HAVE .

!ml.ﬂﬂi POR MY MICROCOMPAUTER, ,

[EE

W

10% OFF IF YOU ORDER 3 SOFTWARE PACKAGES OR MORE

MTCROSOMT , TRS-§0 SOPTWRRE EXCHANGE  s0 FTAPG,
PUBLTIBHERS

SEND FOR FREE CATALOG—GIVE TYPE OF COMPUTER

H\

\\\ '\m

i
.ul.\}tt

e
", .
>
APPLE

PROGRAM DESCRIPTION TRS-80 L1/2 L2 PET PRICE
GALACTIC BLOCKADE RUNNER * AN EXCITING SPACE WAR GAME WITH GRAPHICS \ ole $ 9.95
SCI-FI GAME SAMPLER * 3 GAMES—LUNAR LANDER—STAR MONSTER—SPACE BATTLE o|® $ 7.95
R/T LUNAR LANDER * A REAL TIME LUNAR LANDER WITH GRAPHICS ® $ 7.95
MICRO-TEXT EDITOR * FORMAT TEXT—SAVE & LOAD TO TAPE—OUTPUT TO PRINTER ® $ 9.95
OTHELLO III * A STRATEGY BOARD GAME—PLAY AGAINST COMPUTER OR OTHERS|e| |e|e $ 7.95
AIR RAID * A REAL TIME, ARCADE TYPE SHOOTING GAME IN MACH. LANG. ° $ 14.95
MICRO-CHESS ® PLAY CHESS WITH YOUR COMPUTER—VARIOUS LEVELS OF DIFF. |o| |e|e $ 19.95
BRIDGE CHALLENGER * DON'T WAIT FOR OTHERS TO PLAY—YOUR COMPUTER'S READY o |o]e $ 14.95
APPLE 21 o BLACKJACK WITH HIRES GRAPHICS ° $ 9.95
STAR WARS/SPACE MAZE o SCI-FI GAMES FOR THE APPLE ° $ 12.95
RENUMBER o RENUMBER YOUR BASIC PROGRAMS—RENUMBERS EVERYTHING  |o| [o $ 14.95
DISK RENUMBER * SAME AS ABOVE, BUT ON DISK ® $ 19.95
PILOT 2.0 o THE EDUCATIONAL LANGUAGE. IN MACH. LANG.—INC. EDITOR ° $ 14.95
PILOT 3.0 o THE DISK VERSION OF THE ABOVE ° $ 24.95
APPLE TALKER * YOUR APPLE SPEAKS! NO NEW HARDWARE REQUIRED ° $ 15.95
APPLE LIS'NER * SPEECH RECOGNITION THE EASY WAY—GREAT WITH THE TALKER ° $ 19.95
TIC-TAC-TALKER * TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION ° $ 19.95
FORTRAN * FOR THE TRS-80—SEE MICROSOFT'S ADS ° $325.00
SYSCOP * MAKE BACKUP TRS-80 SYSTEM TAPES THE EASY WAY ° $ 995
ANDROID NIM-2 * GAME OF NIM WITH ANIMATED ROBOTS AND SOUND L4 $ 14.95
SNAKE EGG o A BETTING GAME WITH ANIMATED SNAKES AND SOUND ° $ 14.95
LIFE 2 * 100 GEN. PER MIN. LIFE & BATTLE OF LIFE W/ANIMATION & SOUND | |® $ 14.95
DCV-1 * PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS ° $ 9.95
MUSIC MASTER * ENTER SHEET MUSIC—THE TRS-80 THEN COMPILES & PLAYS IT ° $ 14.95
DISK MUSIC MASTER * SAME AS ABOVE BUT ON DISK W/MANY SELECTIONS Ld $ 24.95
TRS-80 CP/M * OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80 | [® $150.00
PET ASTROLOGY * DOES ALL THE COMPUTATIONS FOR YOU ® $ 1495
PERSONAL FINANCE PKG. * KEEPS TRACK OF CHECKS, BUDGET. COMPUTES INTEREST o| |ojo] s 9.95
TRS-80 DISK LIB. A" * 9 PROGRAMS ON DISK—INC. BLOC. RON, OTHELLO ETC. ° $ 39.95
BUSINESS AND APPLICATION SOFTWARE—CALL OR WRITE FOR DETAILS
16K MEMORY UPGRADE FOR TRS-80, APPLE & SORCERER COMPUTERS $ 94.95
C-10 HIGH QUALITY DATA CASSETTES W/SCREW HOUSINGS 10/$ 10.00
VERBATUM 5-1/2 INCH BLANK DISKETTES 10/8 34.95

AVAILABLE FROM THESE FINE MICRO COMPUTER DEALERS

ITOL. COMPUTEK SYSTEMS COMPUTER CABLEVISION, INC.
396 EL CAMINO AVE.
SACRAMENTO CA 95821

NOBBY WORLD ELECTRONICS
19353 BUSINESS CENTER DR. 86
NORTHRIDGE CA 9134

JaJ ELECTRONICS LTD
28 COLLINGTON AVE.
BEXHILL-ON-SEA, E. SUSSEX, ENG.

CAP

MIAMI FL 23i%

L.C. SALES
100 HINCHEY AVE. 7703
OTTAWA, ONT., CAN. KIY4LY

MILFORD NH

THE CPU SHOP
39 PLEASANT ST.
CHARLESTOWN MA 02129

TRS-80 SOFTWARE EXCHANGE
17 BRIARCLIFF DR.

OP AMP TECH BOOKS
1033 N. SYCAMORE AVE.
LOS ANGLES CA 90038

2617 4IND ST. NW 2
WASHINGTON DC 20007

KENNEDY SYSTEMS
74 BROAD ST.
LYNDONVILLE VT osasi

ADVANCED COMPUTER PRODUCTS

Circie 202 on inquiry card.

TO ORDER BY PHONE OR FOR DEALER INFO—CALL—(617) 682-8131
ADD 75c¢ SHIPPING & HANDLING * MASS. RESIDENTS ADD 5% SALES TAX
MAD HATTER SOFTWARE * 900b SALEM RD ¢ DRACUT, MA 01826

'Dzi
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Listing 1 continued from page 96:

sii3
si13
si13
S113
S113
si13
s113
s113
s113
s1l13
s113
s113
s113
s113
s113
S113
S113
s113
s113
s113
s113
S113
s113
sl13

s113
s113
S113
S113
S113
S113
S113
s113
s113
S113
s113
S113
s113
S113
s113
s113
s113
S113
S113
S113
si13
s113
s113
s113
s113
s113
s113
S113
s113
s113
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0130
0140
0150
0160
0170
0180
0190
01A0
01BO
01co
01D0
01E0
01Fo0
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
02A0

0280
02Co0
02D0
02EO0
02Fr0
0300
0310
0320
0330
0340
0330
0360
0370
0380
0390
03A0
0380
03co0
03D0
03EO0
03F0
0400
0410
0420
0430
0440
0450
0460
0470
0480

O0AOD
4F36
5345
4147
4D4S
2041
0A33
4247
2050
4E44L
454E
4345
4534
CEO2
2703
2086
0227
EO7E
E1D1
OABD
8658
7A02
5527
4827
3327
257E
7E02
E1D1
0200
023C
24B6
7E02
4184
0000
20F3
038cC
8E27
8CB6
02D3
Cl7p
D17E
0000
A700
7FB7
8611
5FB7
037E
1r27
27DF
B604
8820
1308
D37E
A600

352D
4520
2041
4320
2035
4E20
2D33
5645
5245
2033
20352
43544
3445
06BD
6F00
08B7
1002
3910
D02
E1D1
A700
6A7D
2581
2181
1DBD
0308
F88é6
39CE
BDO2
BDO2
0324
8C00
1F88
BDO2
860D
B603
0608
038D
FPO3
03cl
028C
BDO2
BDEL
08BF
B708
099F
028C
EEFF
2002
3584
278D
20F3
028C
8120

4par
4our
4E20
5245
500D
3820
3441
2043
5041
5441
4541
2C20
522
EO7E
0820
0227
2727
0AO4
6A27
860D
BDE1
026A
4427
64327
02D3
7E02
08BD
0820
OA7E
E37E
841F
00BD
1F27
D3FF
BDE1
8cs1
7A03
84EK0
BFB6
2706
B603
D3A6
D186
B708
SFB7
B709
FFO4
0434
0000
EO88
FPO4
FEO4
FEO4
270C

5645
ST4E
S80D
5455
0A46
5749
52564
4FGD
5245
5254
4459
5459
2004
3910
639
3900
05BD
861E
0608
BDEL
D108
2702
2481
2081
20D4
FCTE
Eipl
398D
EOE3
028¢C
881F
02D3
0686
035A
D17E
0927
8E20
88E0
03BF
097A
084
0081
08BD
FFB7
089F
DF39
347C
7A04
FFO4
£027
34A6
3486
3486
0101

2055 300A OD44 2D4D 31

OAOA
0A43
324
2D352
5448
ODOA
4D41
0DOA
2052
ODOA
3045
0000
1604
CEO02
1016
0268
B702
7A02
D139
8620
20E6
4C27
4527
703
0342
A600
E1AC
BDO2
BDO2
2706
FPFO3
088D
B603
028C
1886
F586
27F4
8108
03C1
E088
5827
EID1
093F
B708
BDO2
0435
35B6
34B6
c820
0081
20A7
0435
OICE

0D45
2D43
0AOD
4550
2041
OA33
4B4L
4D4l
554K
344y
2041
0000
CEO8
28BD
O0AO4
20F0
6A86
6A20
0086
A700
0139
2381
1r81
8F7E
7E04
BDE1
83E0
D339
D3FF
8609
407A
E1D1
5B85
0000
2087
OABD
20DD
2718
20F3
2027
037E
20EF
B709
DFB7
D3A6
B604
0435
0434
0986
1127
00BD
8401
0495

2D43
4152
482D
4C41
4E20
3345
3320
5A45
2E20
2050
4E39
0000
008C
EO7E
BDO2
CEO2
38A7
EEO8
1087
BDEL
BDO2
3227
4627
035C
087E
D186
2701
BDO2
0323
BDEL
0341
097E
1F27
BDO2
038E
E1D1
0000
8620
860B
F420
028C
86FF
1FB7
091r
0081
3584
841F
8108
0435
0781
ElD1
2713
BDEO

3241
5249
484F
4345
460D
2041
S44F
2041
3748
524F
204C
0000
0A00
CEO8
467A
438D
00BD
0886
026A
D108
E781
2281
1£81
7E03
03c2
08BD
398D
D3BD
7C03
D108
B603
028C
0309
D3FF
7003
7E02
00BD
B703
BDE!
DDOO
8646
B708
09BF
B709
3827
1F88
881F
2708
84E0
FF27
BDO2
20E7
7ECE

FE
Eb
9B
9K
cé
D4
EA
67
E9
28
r8
23
2A
Fr
30
B3
EC
40
1D
BA
0B
FS
16
AF
70
45
23
D4
c7
3B
72
EF
DO
E7
7E
17
F6
23
8r
BF
16
B3
91
A9
1A
c3
n
BO
82
cs
A9
CE
9B

I've never seen documentation covering
the types of errors the MIKBUG error
detection feature will catch, so | purposely
made a number of different errors and can
report that all were detected. | entered
incorrect digits, tried nonhexadecimal char-
acters, rearranged the placement of correct
digits and entered the address incorrectly.
While | can't guarantee absolute reliability
in error detection, | can say that I've entered
many programs by hand using this method,
and to the best of my knowledge every
entry error that | made was caught.

As you successfully enter each line, it
is stored in memory. Should you be unable
to complete the loading of the entire pro-
gram in one sitting you may use the tape
dump feature of MIKBUG to store what
you have entered on cassette or paper
tape. At the beginning of your next session,
load the tape back into memory and begin
hand loading at the point you left off
previously.

Eventually you will have the entire pro-
gram in memory. Before you do anything
else, | suggest that you generate a tape of the
program. Once that is done, prepare your
terminal system to use the program. Set it
in the page mode, for upper case operation,
with the cursor in a nonblinking mode. The
hexadecimal starting address is 003D. Once
you have this loaded into addresses A048
and A049, you will be ready to issue the go
command.

Because | have entered this entire pro-
gram by hand on three separate occasions, |
can appreciate the feelings of those who
think that it's just too big a job. To assist
those who are lacking the time or inclina-
tion to hand load this program, | will be
happy to supply a Kansas City standard
cassette tape of the program for a $5 fee.

Conclusion

This program is serious fun. As written, it
provides quite a bit of excitement but,
human nature being what it is, the urge to
improve things may strike one or more of
you. ldeas for improvement could include
adding [and mines, a limited range requiring
stops for fuel, magic spots that transport to
another location, and even little Klingons. If
these or other ideas excite you, | hope you'll
get busy and write the program to contain
them. I’d like to run it.m



Circle 152 on inquiry card.
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o Starving
Listing 1 continued:
S113 0490 0841 3900 0010 OAOA 0904 A620 8120 2735 E2 For
S113 04A0 A601 8120 2735 BDO4 EAFE O4E7 8120 272F 19 B
S113 04BO 09A6 0008 8120 272B O17E 067B BDEO 7E7E FS5 bUSIness
S113 04C0 0773 1015 4E4F 204D 4F56 4553 2E04 0000 10
S113 04D0 0000 0000 4086 44B7 04D4 3986 5220 F886 DO SOFtwqu

S113 O4E0 5520 F486 4C20 FOOO 0000 FFO4 E786 20B7 76

S113 O4FO O4E9 7D04 E927 0609 TAO4 E920 F5A6 0039 10 For vour
S113 0500 BDO6 CE86 52Bl 04D4& 2715 864C B104 D427 37 TRS.BO‘)
S113 0510 2786 55B1 04D4 2756 B644 B104 D427 3486 9B ]
S113 0520 09BD EID1 BDO6 BD86 O1A7 0008 BDO6 CEA6 62
S113 0530 0181 2027 EATE 0597 8608 BDEl D1BD 06BD 6D
S113 0540 8601 A700 O9BD O6CE 09A6 0008 8120 27E8 78
S113 0550 7EO5S 9786 OABD E1D1 BDO6 BD86 O1A7 00BD 13
S113 0560 058D BDO6 CEA6 2081 2027 EBTE 0597 860B 43
S113 0570 BDE1 D1BD O6BD 8601 A700 BDO4 EABD O6CE 1E

S113 0580 BDO4 EAFE O4E7 8120 27E4 7EO5 9786 204D 1A 39K or more of memery, 204
S113 0590 2704 O84A 20F9 3939 8652 B104 D427 1B86 26 disk ﬂueismﬂ%ﬁﬂg ﬁmﬂ&
S113 0SAO 4CB1 04D4 2747 8655 B104 D427 6986 44BL 95 e o
S113 05BO 04D&4 27SF CEO4 C27E O4BC BDO6 6527 11BD EA CBASIC-2.

S113 05C0 0660 2713 BDO6 5427 15BD 0659 2717 20E4 D6 Each package includes source
S113 05D0 BDO4 DFBD 0697 39BD 04DS BDO6 AA39 BDOG4 E7 i g bt el
S113 OSEO DBBD 0681 3986 04A7 OOBD 0690 39BD 0665 CA comprehensive user's manual.
S113 OSPO 27DE BDO6 6027 EOBD 0659 2708 BDO6 5427 3F Use your TRS-80 system 10 its
S113 0600 OATE OSCE BDO4 E3BD 068C 3986 04A7 00BD 71 fullest with these

S113 0610 0685 397E 0635 BDO6 5427 C3BD 0659 27E4 31 sophisticated programs:
S113 0620 BDO6 6527 ABBD 0660 2703 7EOS CE86 O04A7 FD N
S113 0630 00BD OGAE 39BD 0654 27A4 BDO6 5927 C5BD 65 ﬁ[)'int'bof sgled ’i‘r.ll\_/r?gtlct)gnc;oﬁrlrtnri?l.d
S113 0640 0660 2793 BDO6 6527 037E O5CE 8604 A700 B2 only by disk 8pace avalable.
S113 0650 BDO6 9B39 A601 8101 3909 A600 0881 0139 2B * Cash Register Package —
S113 0660 A620 8101 39FF 0679 8620 4D27 0409 4A20 F6 Stiing Hommation on gift
8113 0670 F9A6 OOFE 0679 8101 3900 00BD 0598 7E04 C3 certificates, paidouts, overrings,
S113 0680 9A86 O1A7 0086 09BD ELD1 0839 8601 A700 31 Tl
S113 0690 8608 BDEl D109 3986 01A7 0086 OBBD EID1 E9 * Payrall Packege 