$12.00

(or, if you
prefer: A
nickel more
than $11.95)
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CONFERENCE PROCEEDINGS

JIM C. WARREN,
EDITOR

JR.
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CONFERENCE PROCEEDING

of the largest convention ever heid

Exclusively Devoted to Home & Hobby Computing

over 300 pages of conference papers, including:

(Topic headings with approximate page counts)

Friday & Saturday Banquet Speeches (16)
Tutorials for the Computer Novice (16)
People & Computers (13)

Human Aspects of System Design (9)
Computers for Physically Disabled (7)
Legal Aspects of Personal Computing (6)
Heretical Proposals (11)

Computer Art Systems (2)

Music & Computers (43)

Electronic Mail (8)

Computer Networking for Everyone (14)
Personal Computers for Education (38)
Residential Energy & Computers (2)
Systems for Very Small Businesses (5)

Entrepreneurs (6)
Speech Recognition &

Speech Synthesis by Computer (14)
Tutorials on Software Systems Design (11)
Implementation of

Software Systems and Modules (10)
High-Level Languages for Home Computers (15)
Multi-Tasking on Home Computers (10)
Homebrew Hardware (8)

Bus & Interface Standards (17)
Microprogrammable Microprocessors

for Hobbyists (18)

Amateur Radio & Computers (11)
Commercial Hardware (8)

-——- plus ----
Names & addresses of the 170+ exhibitors at the Computer Faire

Order now from:
Computer Faire
Box 1579

Proceedings:
Shipping & Handling:
Quiside California:

$12.00  (811.95, plus a nickel, if you prefer)
.68 (Write for shipping charges ouside U.S.A.)

Palo Alto CA 94302
(415) 851-7664

Californians Add:
Inside California:

$12.68 Paxment must__accompany _the _order,
Tl 70 Sales Tax

$13,40 Payment must accompany the order.

An 8%"x11" softbound book.

april, 1977 - san francisco

©771 -10 by Computer Faire

BOX 1579, PALO ALTO CA 94302 o00Oo (415) 851-7664



The Digital Group comments on

DR. DOBB'S JOURNAL

(We were surprised and pleased recently to find these comments about Dr. Dobb’s Journal
in the latest Digital Group Newsletter.)

clightzl grroup

)

po box 6528 denver, colorado

80206 (303) 777-7133

It is not very often that there is a journal/newsletter that the Digital Group
is able to recommend without some hesitation (and we get them all).
Dr. Dobb's Journal of Computer Calisthenics & Orthodontia is one pleasant

flyer

NUMBER 8

However,

exception.

Journal. It is supported

professional and they are

Jim Warren, the editor, has put together a good concept and is
managing to follow through very well indeed.

solely on subscriptions.

growing quickly.

(In case it might appear otherwise to some people, there 1S no official link
whatsoever between the Digital Group and Dr. Dobb's Journal - we've taken our
lumps as appropriate just like everyone else when Jim felt they were justified.)

We think Dr. Dobb's Journal is here to stay and a publication that is a must

IN EVERY

* UNIQUE SYSTEMS PROJECTS
“Realizable Fantasies™ — details of
projects that have not yet been done,
but are within the limits of current
technology, hobbyists’ expertise,

and the computer enthusiast’s budget.

o INDEPENDENT PRODUCT
REVIEWS AND CONSUMER
ADVOCACY

DDJ staff now includes a three person
product & software evaluation group.
They perform independent evaluations
of products being marketed to hobby-
ists and publish their findings — good
or bad — in this subscriber-supported
Journal. Note that Dr. Dobb’s carries
no paid advertising; it is responsible
only to its readers. It regularly pub-
lishes joyful praise and raging com-
plaints about vendor’s products and
services.

for everyone in the hobbyist world of computers.

"V\W

ISSUE

« COMPLETE SYSTEMS & APPLICA—
TIONS SOFTWARE

User documentation, internal specifi-
cations, annotated source code. In

the first year of publication, DDJ
carried a large variety of interpreters,
editors, debuggers, monitors, graphics
games software, floating point routines
and software design articles.

« HOT NEWS AND RAGING RUMOR
Unusually fast turn-around on pub-
lisking “hot stuff”. Typically, an

issue will carry information and articles
received within two weeks of its
distribution. Also, we hear and print
lots of rumors belched forth by the
nearby “Silicon Valley” rumor mill.

There is no advertising in the
That also means that

manufacturers have zero leverage over the content of the magazine.
primary purpose is to place significant software into the public domain and to
provide a communications medium for interested hobbyists.

Don't miss it!

The Journal's

The approach is

MORE REVIEWS

“THE software source for microcom-
puters. Highly recommended.”
—Philadelphia Area Computer Society
The Data Bus, July, 1976.

“It looks as if it’s going to be THE
forum of public domain hobbyist
software development.
Rating—% % % X,
Toronto Region Association of
Computer Enthusiasts (TRACE),
Newsletter, July 9, 1976.

“The best source for Tiny BASIC and
other good things. Should be on your
shelf.”
—The Computer Hobbyist,
North Texas (Dallas) Newsletter,
May 1976

Name

Address.

City/State

Zip

E

Please start my one year subscription to
Dr. Dobb’s Journal (10 issues) and bill me
for $12.

In Canada add $4/year for postage.
European and Japanese rates are available
on request.

Mail to: Dr. Dobb’s Journal ® Dept.51¢1263 El Calﬁino Real ¢ Box E ¢ Menlo Park, CA 94025




Meet the most powerful
M C system available for dedicated work.
Yet it’s only $595.

Here’s the muscle you've been telling us you wanted:
a powerful Cromemco microcomputer in a'style and price
range ideal for your dedicated computer jobs—ideal for
industrial, business, instrumentation and similar applica-
tions.

It's the new Cromemco Z-2 Computer System. Here'’s
some of what you get in the Z-2 for only $595:

® The industry’s fastest uP board (Cromemco’s highly
regarded 4 MHz, 250-nanosecond cycle time board).

® The power and convenience of the well-known Z-80

< wP.

® A power supply you won't believe (+8V @ 30A,

+18V and —18V @ 15A — ample power for addi-

tional peripherals such as floppy disk drives).

A full-length shielded motherboard with 21 card slots.

Power-on-jump circuitry to begin automatic program

execution when power is turned on.

S-100 bus.

Standard rack-mount style construction.

All-metal chassis and dust case.

110- or 220-volt operation.

DEDICATED APPLICATIONS

The new Z-2 is specifically designed as a powerful but
economical dedicated computer for systems work. Notice
that the front panel is entirely free of controls or switches
of any kind. That makes the Z-2 vir-
tually tamper-proof. No accidental
program changes or surprise mem-
ory erasures.

FASTEST, MOST
POWERFUL ,C
Cromemco’s microcom-
puters are the fastest and
most powerful available.
They use the Z-80 mi-
croprocessor which is

[ N J

Shown with
optional bench cabinet

*kit price

widely regarded as the standard of the future. So you're
in the technical fore with the Z-2.

BROAD SOFTWARE/PERIPHERALS SUPPORT

Since the Z-2 uses the Z-80, your present 8080 soft-
ware can be used with the Z-2. Also, Cromemco offers
broad software support including a monitor, assembler,
and a BASIC interpreter.

The Z-2 uses the S-100 bus which is supported by the
peripherals of dozens of manufacturers. Naturally, all
Cromemco peripherals such as our 7-channel A/D and
D/A converter, our well-known BYTESAVER with its
built-in PROM programmer, our color graphics interface,
etc., will also plug into the S-100 bus.

LOW, LOW PRICE
You’ll be impressed with the Z-2's low price, technical
excellence and quality. So see it right away at your
computer store—or order directly from the factory.

Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes
4 MHz uP card, full-length 21-card-slot motherboard,
power supply, one card socket and card-guide set, and
front panel; for rack mounting) .............. $595.

Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W)
(includes the above as well as all 21 sockets and card
guides and a cooling fan; for rack mounting ). ..$995.

Z-2

@og;;xxzre:*,—tﬁlsrefrg.z

Cromemco

Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 o (415) 964-7400



Get updated... Igeep vpdated with

oo N

the leading magazine in the
personal computer field

The personal
computer
age is here.

Join Byte’s 100,000 sub-

scribers and cafch up on

the latest developments

in the fast-growing field of microprocessors. Read
BYTE, The Small Systems Journal that tells you
everything you want to know about personal com-
puters, including how to construct and program
your own computer (30,000 BYTE readers have al-
ready built, or bought, their own systems and half
of these have 8K bytes or more).

You’ll find our tutorials on hardware and software
invaluable reading, also our reports on home ap-
plications and evaluative reviews based on experi-
ences with home computer products.

« SRS RtReEER

Home computers
... practical,

offordable.

Large scale integration has

slashed prices of central

processors and other com-

puter components. This has encouraged the devel-

opment of new, low-cost peripherals resulting in more

hardware and software — more applications than you

could imagine, more opportunities for you. BYTE brings

it all to you. Every issue is packed with stimulating and

timely articles by professionals, computer scientists and

serious amateurs.

BYTE editorials explore the fun of using and applying

computers toward personally interesting problems such

as electronic music, video games and control of systems
for alarms to private information systems.

BYTE Subscriptions Dept. P.O. Box 361 Arlington, Mass. 02174 U.S.A.

[J One year U.S. - $12
[0 Canada or Mexico - $17.50

Please enter my subscription for:
[ Three years U.S. - $32
") Europe (Air Delivered) - $25 |

O Two years U.S. - $22

[ Surface delivery to all other countries except Europe, Canada or Mexico - $25 (Air
delivery available on request)

Please remit in U.S. funds —
] Bilt BankAmericard

Card number

['] Check enclosed (Bonus: one extra issue)
[} Bill me.
L1 Bill Master Charge

Expiration date

Signature

Name (please print)

Address.

City

State/Country
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Line: ™~
Integrated circuit Tee-Shirts
Design: ™.
Body Microcomputer

At last! A personal com-
puting system for every body.
Affordable, simple, unique.

FEATURES

® Body language software

® Interactive games capability

® Universal interface

® | ow power consumption—
10°EW (excitement watts)

® Wash-dry maintenance

THE COMPLETE GIFT
Packaged in a booksize
(10x7x1%"’) white gift box
with colored microcom-
puter imprint. lllustrated
User’s Manual included.

© Applied Art 1977

ORDER FORM

Hand screened quality tee-shirt. 50% polyester / 50%
cotton. Available in white, yellow, light blue and tan.
Microcomputer design in black and red.

Chest Size 1st Color |2nd Color Price
(Inches) Quan. | ‘choice | Choice Each Package
“5 22-24 5.90
%J 26-28 plus
H | 30-32 .85 postage
A | 34-36 per package.
B 3840 In California,
i 42-44 please add state
46-48 and local taxes.
Name
Address

City State Zip.

Mail your order to:
Applied Art, 862 Madonna Way, Los Altos, California 94022
Tel. (415) 948-0689

OCheck’ OMoney Order
Please allow 10 days for delivery.

- o o o - 1 - - - - - o > o o o e o e e o o o o 6] e e

ONE comprehensive
reference
to microcomputers!

By Charles J. Sippl

(A PETROCELLI/CHARTER BOOK)
480 pages, 65 illus., $19.95

More than a detailed reference to every aspect of chip technology,
Microcomputer Handbook is also an important guide to decision-
making about specific configurations (4-bit, 8-bit, 16-bit, or even
64-bit “super machines”). Among its many down-to-earth features
is a first-rate glossary of terms that runs through every chapter and
spotlights everything from ACIA (asynchronous communications in-
terface adapter) to ROM simulator (a general-purpose debugging
tool). There’s even a detailed analysis of the microcomputer as a
hobby item; problem solving; game playing and kit assembling.

For the professional, hobbyist, and student, this book: * con-
tains photos and diagrams providing easy introduction to techniques
and concepts ¢ discusses read-only memories (ROM’s and RAM’s)
* examines the role of large-scale interation (LSI) in production-cost
reduction ¢ presents cost-performance calculation for microcom-
puter systems ¢ demonstrates the vast applicability of the micro-
computer; its capacity for data storage, data collection, and reduc-
ing operating time ¢-and lists the latest “hobby type” microcom-
puters available, as well as clubs, societies and manufacturers.

———— ———10-DAY FREE EXAMINATION ———————

| [UNE| VAN NOSTRAND REINHOLD !
LY 7625 Empire Drive « Florence, Kentucky 41042
I Please send me the MICROCOMPUTER HANDBOOK by Charles J. Sipp! for 10 days’ l
| free examination. At the end of that time | will either remit the amount of your I
invoice (including postage, handling, and my local sales tax) or return the book
and owe nothing. (Payment must accompany orders with P.0. box addresses. l
Offer good in U.S.A. only, and subject to credit department approval.) |
|

(PLEASE PRINT)
Name,

Address

City. State Zip,
SAVE! Enclose payment with order and publisher pays postage and handling. Same
return-refund guarantee. Your local sales tax must be included with payment.

0-442-80324-9 . C 7010




MALL BUSINESS:
COMPUTING/\

EXPLORE

INTERFACE AGE
- MAGAZINE

* MONTH AFTER MONTH LOOK TO
INTERFACE AGE MAGAZINE FOR THE LATEST
INFORMATION ON THE DYNAMIC WORLD OF
PERSONAL COMPUTING.
Use your personal computer for auto repair, work
bench controller, teaching machine, central infor-

mation bank and design test center. * READ INTERFACE AGE FOR THE LATEST ON NEW

* Control your small business with your own real- PRODUCT INFORMATION 'AND TECHNICAL
time accounting and inventory control system. BREAKTHROUGHS.

* Set your computer to turn sprinklers on and off, * May’s issue included inside the FLOPPY ROM™
manage a household security system, feed your — avinyl record which is played on a conventional
dog. ’ phonograph to enter this month’s program in your

* Establish a recipe bank to plan daily meals and computer.

generate its own shopping list.
* Evaluate the stock market, set up ‘
gambling and probability programs. * ORDER YOUR SUBSCRIPTION NOW!

e ]

<o}

Evaluate odds on sporting events and I 12 Monthly Issues: $14 US., $16 Canada/Mexico, $24 International skl Tage

horse racing. | Name |
Address

o 1 oy State Zip |
* ARTICLES RANGE FROM THE | CCheckorM.O.(U.5. Funde drawn on U.S. Bank) O VisaCard O Master Charge |
FUNDAMENTALS OF COMPUTERS TO Acct No. Exp.Date____ }
- LANGUAGES AND SYSTEM DESIGN. | |
APPLICATIONS INCLUDE BOTH PRO- | Sinature 0

FE,SSK,)NAL AN‘D NON-TECHNICAL. Make checks payable to: INTERFACE AGE MAGAZINE, P.O. Box 1234, Cerritos, CA 90701

L e e e e = = d




MICROPROCESSOR BASICS (El-
phick) Selection and application info
on 8 popular micro’s, including the
8080, 6800, F8, IMP, and 6100.
#5763-6, paper, $9.95

THE BASIC WORKBOOK: Creative
Techniques for Beginning Program-
mers (Schoman) “Hands-on” learn-
ing of problem-solving using a com-
puter. #5104-2, paper, $4.25

GAME PLAYING WITH BASIC
(Spencer) Over 50 easy-to-learn and
challenging games and puzzles for
your personal computer. #5709-3,
paper, $6.95

TELEPHONE ACCESSORIES YOU
CAN BUILD (Gilder) Fully-illustrated,
step-by-step instruction on building
useful phone accessories at a frac-
tion of the commercial cost. #5748-2,

paper, $3.95

STANDARD DICTIONARY OF COM-
PUTERS AND INFORMATION PROC-
ESSING, Revised Second Edition,
#5099-2, Available Oct. '77.

APPLIED COMPUTING: Putting Your
Computer to Work, #5767-X, Avail-
able Jan. '78.

PROGRAMMING THE PROGRAM-
MABLE CALCULATOR #5105-0,
Available Jan. '78

HAYDEN BOOK

GRITICS
GHOIGES

MICROPROCESSORS: New Direc-
tions for Designers (Torrero) “... a
useful book for the electronics de-
sign engineer.” BYTE MAGAZINE.
#5777-6, paper, $10.95

FUNDAMENTALS & APPLICATIONS
OF DIGITAL LOGIC CIRCUITS
(Libes) “A great book for use as a
reference by people who are learn-
ing digital electronics.” PEOPLE’S
COMPUTER COMPANY. #5505-6,
paper, $6.95

BASIC BASIC: An Introduction to
Computer Programming in BASIC
Language (Coan) “. . . an excellent
introduction . . . clearly written and
well-organized.” COMPUTING RE-

.VIEWS. #5872-1, paper, $7.95

ADVANCED BASIC: Applications &
Problems (Coan) “This one rates
well above average.” DATA PROC-
%g%ngG DIGEST. #5855-1, paper,

HAYDEN

in per§onal

so!
“books!

AVAILABLE AT YOUR
LOGAL GOMPUTER STORE!

Jur choice line of
Personal Computing
Books

GAME PLAYING WITH COMPUT-
ERS, Revised Second Edition
(Spencer) #5703-4, cloth, $16.95

COMPUTERS IN ACTION: How Com-
puters Work (Spencer) #5861-6,
paper, $5.50

COMPUTERS IN SOCIETY: The
Wheres, Whys, & Hows of Computer
Use (Spencer) #5915-9, paper, $5.50

PROGRAMMING PROVERBS (Led-
gard) #5522-6, paper, $6.50

PROGRAMMING PROVERBS FOR
FORTRAN PROGRAMMERS (Led-
gard) #5820-9, paper, $6.50

COBOL WITH STYLE: Programming
Proverbs (Chmura & Ledgard)
#5781-4, paper, $5.45

MINICOMPUTERS: Structure & Pro-
gramming (Lewis & Doerr) #5642-7,
cloth, $12.95

DIGITAL SIGNAL ANALYSIS
(Stearns) #5828-4, cloth, $19.95

FORTRAN FUNDAMENTALS: A
Short Course (Steingraber) #5860-8,
paper, $4.95

DIGITALTROUBLESHOOTING:
Practical Digital Theory and Trouble-
shooting Tips (Gasperini) #5708-3,
paper, $9.95 '

DIGITAL EXPERIMENTS: Workbook
of IC Experiments (Gasperini)—|
#5713-X, paper, $8.95

COMPUTER MATHEMATICS (Con-

| rad, Conrad, & Higley) #5095-X,

cloth, $13.95

R R
B“MPANYJ INB-' 50 Essex Street, Rochelle Park, New Jersey 07662




WE'RE DIFFERENT! 1

COMPUTERS

r . s |
1
| 6502 ASSEMBLY
, PROGRAMMING
| HOME COMPUTERS
FOR BEGINNERS

- y

GRAPHICS

PILOT &
Tiny BASI

WOMEN &

People’s Computers is for anybody and everybody who wants to learn more about computers, how they work, and how to
use them. We aren’t padded with color advertisements either; we’re wall to wall with articles, listings, reviews, games. letters,
and interviews.

Read the whys and wherefors of different computer languages. Discover what a ‘chip’ is, how a ‘gate’ works, and what new
products are available. Learn to program from our series on easy-to-use computer languages. Find out about the uses of

computers and calculators in education. Each issue also contains useful programs, with extensive comments, that you can use
on your computer at home, at school, or at work.

There’s lots more, and all for only $8 a year! To subscribe write: People’s Computers, Dept 52,1263 El Camino Real,
Menlo Park CA 94025.

people’s computers

P —————————————ae

L CONVERT YOUR IBM
_ SELECTRIC INTO A HARD
SCOM!;QQ COPY OUTPUT TERMINAL!

WITH OUR KIT, YOU CAN
BOARDS ACTUALLY ADD A FULL SIZE

IMPACT PRINTER TO YOUR
COMPUTER - AT A PRICE
Z-80 CPU $35.00 YOU CAN EASILY LIVE WITH!

2708/16 EPROM 525.00 NO MODIFICATIONS TO YOUR

PROTOBOARD $25.00 TYPEWRITER ARE NECESSARY -
8k STATIC $25.00 AND IF YOU DON’T HAVE ONE,
WE’LL GET IT FOR YOU!
16/64 DYNAMIC
RAM §35.00 | PLEASE CONTACT US AT...
PLEASE ADD $2.00 SHIPPING PER ORDER.
9 i o -2 ESCON
: zre-san 1235 TENTH STREET BERKELEY
PO BOX 91  ITHACA, N.Y. 14850 415/524-8664 DEPT. J

\.




" Now There Are Three
- northern california

electronics news
published bi-weekly

« southern california

electronics news
published bi-weekly

. southwest

electronics news
published quarterly

Covering the States of

CALIFORNIA

TEXAS »
OKLAHOMA o
NEW MEXICO s 3
ARKANSAS
LOUISIANA

No Other Publication Emphasizes Local and Regional
News in the above Six (6) States

Each paper Has its own News of People and Events in its own Area

plus National Product News, thus guaranteeing High Readership

published by

BENDER PUBLICATIONS INC.

LOS ANGELES | PALO ALTO DALLAS HOUSTON
" P.O. Box 3631 260 Sheridan 6115 Denton Dr. 2990 Richmond
L.A. Ca. 90019 Palo Alto, CA. 94306 Dallas, TX 75235 Houston, Tx 77006

(415) 326-8877|(214) 358-2311|(713)526-5381

(213) 737-6820




Computer Music

Devoted to High Quality Musical

] 0 lI f H 8 1 | ” Applications of Digital Electronics.

The following topics are covered:
* design of real time playable instruments with controllers like organ keyboards, pressure sensitive
surfaces, joysticks, and new designs; * production of natural sounding quality of tone or timbre by
Fourier series like synthesis (with periodic or nonperiodic sine wave summation) or FM synthesis and
new methods; * circuit design of digital oscillators (any waveshape — up to 256 ultra low distortion
sine waves with independent control of amplitude and frequency — all from one digital oscillator)
controlled by a small computer; * high speed, high resolution multiplication; * review of hardware
components; * cost of hardware / quality of sound tradeoffs; * control of analog svnthesizers with a
small computer; * envelope generators (not just exponential or linear attack, sustain, and decay, but
any shape); * digital filtering; * high resolution, high speed digital to analog converters; * digital
reverberation and movement of spacial location with Doppler shifting; * analysis of acoustic instru-
ments; * psychoacoustics; * generation of different musical scales including meantone, just, and equal
tempered (with 5, 7, 12, 19, 22, 29, 31, or 43 notes in each octave) tunings; * reviews of books about
computer music, acoustics of musical instruments, psychoacoustics, music theory and composition,
computer design, and electronics.

Computer Music Journal is published every other month by People’s Computer Company, a non-profit,
educational corporation. For a one year subscription (6 issues) send $14 to Computer Music Journal,
PCC, Dept 51, Box E, Menlo Park, CA 94025.

[Kg I] Tr % with your
business

and card or send
$1.00 (re-

fundable on
1st order)

M 0 R E Dept. CF g '
68 pages of News abou

the Amazing Technological

Fairchild Tech. Kits™ Breakthroughs in the
ClOCkS Counters Mini-Micro Computer Field.
Catalog Includes: Catalog offers items like:
Power Supp|y ® Reproductions of manufac- e $279 Complete Computer Sys-
1 t ’ let talogs, in-  tem for home use. Not a kit!
M ICro ComPUter Cl:‘:?’!i:gcmngigf%g:”&" . Leon\;/ g(;stc;e\?v and used

H $1.00. i

Fu nCtlon Generator e Articles and news about Mini- peripherals

micro Computers.

Send for our brochure TODAY  $2.00 Discount Certificate. LARGEST CATALOG IN ITS

e Discounts up to 90% on Used  FIELD

E F [T@m]ﬁm Equipment.

Box 321 | NEWMAN COMPUTER EXCHANGE
Issaquah, WA 98027 1250 N. Main St. Ann Arbor, Mi. 48104

(313) 994-3200




A veritable revolution of new ideas about programming, new languages, hardware design, robots, video games, analog inter-
faces and new memory technology (just to name a few) presents the computer experimenter with a pleasant (if sometimes
frustrating) dilemma: How: do I choose the best books? Where do I get them? What is available?

BYTE'’s BITS (BYTE Interface Technical Services, Inc) may be the answer. Bookselling is our main business: With the help
of BYTE magazine’s editors, we screen the scores of computer books that come out every week and offer you only the best.
Books like:

Microcomputer Handbbok by Charles Sippl
What To Do After You Hit Return. . .—PCC's First Book of Computer Games

Computer Lib-Dream Machines by Ted Nelson
The computer
APL—AnR Interactive Approach, second edition, revised, by Gilman and Rose ’
Instant BASIC by Jerald Brown
How to Buy & Use Minicomputers & Microcomputers by William Barden
Practical Microcomputer Programming: The Intel 8080 by Weller, Shatzel, Nice
The Acoustical Foundations %f Musicgby John Backus inform at ion
Computer Power and Human Reason by Joseph Weisenbaum
Fundamentals and Applications of Digital Logic Circuits by Sol Libes
A Dictionary of Microcomputing by Philip E Burton
Understanding Microcomputers and Small Computer Systems from Scelbi l i
Scelbi’s ““8080" and “6800” Software Gourmet Guide & Cookbooks
The Don Lancaster Series: TTL Cookbook, Active Filter CB exp os on
TV Typewriter, CB,
CMOS Cookbook
Fingertip Math from Texas Instruments

Build Your Own Working Robot by David L Heiserman

101 BASIC Computer Games by David Ahi is here!
Chess Skill in Man and Machine by Peter W Frey

Electronic Projects for Musicians by Craig Anderton

Digital Computer Fundamentals by Jefferson C Boyce

The Art of Computer Programming, Volumes 1, 2, & 3 by Donald E Knuth

An Introduction to Microcomputers, Volumes 1 & 2 by Adam Osborne

Some Common BASIC Programs by Poole & Borchers

Plus most of the reference DATA books from Texas Instruments

If you would like our catalog (a reference book in itself) crammed with information and descriptions of these books, plus many
many more, just fill out the coupon below and send it along with $1 (which incidentally will be applied to your first order) to
BITS, Inc, 70 Main St, Peterborough NH 03458.

Check Payment method:

Send to: BITS Catalog
BITS, Inc. ' ——Bill my MC No Exp. date
70 Main Street — —Bill my BAC No. Exp. date
Peterborough NH 03458 —BITS Catalog $1.00

My check is enclosed

Name

Address

City State Zip Code

‘

Signature In unusual cases, processing may exceed 30 days.

- S S S S G S S . G
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MINI-MICRO SYSTEMS is the
only monthly publication
devoted exclusively to the
fast-paced worid of mini
and microcomputers:

® TECHNOLOGY AND PRODUCTS o APPLICATIONS AND SYSTEMS
e PERIPHERALS AND SOFTWARE e INDUSTRY AND CORPORATE
o BUSINESS AND FINANCIAL

minimicro systems

1

P

mﬂ;mmncm rystems ' ; S

minimiccorystems
5 Ty e | e ) einemniceo systems

‘% DEVELOPMENT

SYSTEMS

' o w .
mini Mmicro. Bk ;  HAPPY BIRTHDAY ANERICA
] 7 el . P .y : »

¥
Mirdcomputer g ﬁ(

P Aicrocomputer
Proguct P 3
FLOPPY DISK DRIVES AND BYSTEMS
A New Wrinkie i "Plug cormpatibie” Har
THe Micro vs The Minicompiter

Uninterruptibie Power Systems
Microprotessor Scorecard
Small Business Computer Systems

If you are not currently receiving MINI-MICRO SYSTEMS magazine, write today
for a sample issue and a qualifying form to receive a FREE subscription.
MINI-MICRO SYSTEMS / 5 Kane Industrial Drive / Hudson, MA 01749

CAREER AND SPECIAL ASSIGNMENT OPPORTUNITIES
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YOUR HOME COMPUTER — James White INSTANT BASIC — Jerald Brown

For the pre-hobbyist and the microcomputer Written for the inexperienced, this activity-
navice, this book provides a complete intro- oriented book will help you teach yourself
duction to the world of home computing. microcomputer BASIC and the similar DEC
Answers to your many questions about hard- BASIC PLUS, for programming your personal
ware, software, and the personal computing computer. There’s never a dull page and plenty
scene today. of activities... so have fun while you learn!!!
1977, 220 pages. $6.00 1977, 180 pages. $6.00

AND DON'T FORGET THESE...

My Computer Likes Me — Albrecht. In an easy-going, conversational style, this 64 page workbook introduces )
BASIC to young or old. This classroom favorite is designed for people with no previous computer experience DyM Ax
or knowledge of programming. 1972, $2.00.

Games With the Pocket Calculator — Thiagarajan and Stolovitch. This book features interactive “group’” PUBLISHER'
games to be played by small groups of young or old. An entertaining book for use at home; an educational
book to introduce students to the calculator and to build computational skills. 1976, $2.00. P.O.Box 31 0, Dept- 15

Games, Tricks, and Puzzles For A Hand Calculator — Judd. An entertaining and useful book for anyone with Menlo Park, CA 94025
a hand calculator. The author covers many of your favorite mathematical games and recreations. Learn how
to perform calculator tricks. 1974, $2.95.

CALCULATORS/COMPUTERS Magazine — This new magazine contains creative articles and. materials
that will teach you about calculators and computers. Each issue includes “COPY ME”’ materials that
" may be reproduced to use at home or for classroom use (elementary school level through community
college). Topics include learning about your calculator, programming in BASIC, as well as games,
simulations, and interesting articles. Subscription price: $12/year (7 issues).

Handling and shipping charges will be billed.

Available at vour local combputer store.
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Book
for
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Computer

Users

Ever try to find the address of, say, a particular floppy disc manufacturer when you don’t even
know what state they’re in? Looking for articles on a certain kind of hardware? Frustrating, isn’t it?
Well, People’s Computer Company has just published a valuable reference directory that goes a long
way towards ending that frustration.

Here’s just some of the useful information you’ll find in PCC’s Reference Book

% Hundreds of companies and computer stores selling hardware, software, peripherals
and offering all sorts of services are listed with their addresses.

Y% Nuts-and-bolts and survey articles on software, hardware, applications, robots, and
the future, just to name a few, for the experienced and the not-so-experienced user
of microcomputers.

¢ The complete, documented source and object code for a 2K Tiny BASIC.

Y A massive index of the articles from the major hobbyist magazines, plus information
on the magazines in the field, hobbyist clubs, newsletters and professional societies.

w Bibliographies on different areas so you can investigate them further, including a
special computer music bibliography.

It’s a book you’ll want to keep handy because you’ll use it a lot. And even when you aren’t looking
up addresses or other information, you’ll be referring back to one of the many helpful articles.
PCC’s Reference Book is available for $5.95 plus 95¢ for shipping and handling in the U.S.
(California residents add 35 cents sales tax). :

--------------------------------------------------------- -—------—----—----------1

r
; Please send me my copy of PCC’s Reference Book of Personal and Home Computing. 1 am enclosing
! $5.95 plus 95¢ for shipping and handling in the U.S. (In California add 35¢ for sales tax). If [ am
! not completely satisfied, I can have a full refund.

! . Send to:
' NAME PCC’s Reference Book
! ; Dept. H

! ADDRESS 1263 El Camino Real
' Box E

' CITY/STATE/ZIP Menlo Park, CA 94025
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Here's your answer. Ham Radio’s Communica-
tions Bookstore. Write for our FREE extensive
Book Catalog listing all the popular micro-
processorlmicrocomputer books. Bug BoOKS,
Adam Osborne, scelbi, McGraw Hill, Howard W.
Sams and more. ..

And a handy TOLL FREE number — your books
will be on their way within 24 hours!

And while you’re writing . . -

Why not ask for a FREE copy of Ham Radio
HORIZONS? Discover the fascinating FUN
hobby of Amateur Radio — you’ll be amazed at
how many applications your computer will have
in the world of ham radio!

adio’s Ham Radio HORIZONS is the only Amateur
Radio magazine that quenches the thirst for the
newcomer (or does it start a hunger, we’re not
sure). Try a free issue, or even better, a subscrip-
GREENVILLE, NH 03048 tion! One year, (12 issues) $10.00.

ommunications.

ookstore



You sh?uld subscribq to
creative compatirg
today! Here’s why —

Creative Computing will help you
decide which computer is best for
you.

Creative's no-nonsense equipment profiles arm you
with the facts before you talk to the vendor or dealer
Whether you're interested in a microcomputer kit, a
mini, terminal, or programmable calculator, you'll
find the evaluative information you need in Creative.
Indeed, one wise hardware decision could save you
the cost of a lifetime subscription'

Creative Computing discusses

computer applications in non-
technical, understandable
language.

Business people who want to know what's going on
in the EDP department, students who want to learn
about microprocessors, hobbyists looking to make
good use of home computers, or anyone concerned
about the effect of the computer on society will find
these and many, many more mind-expanding topics
covered on the pages of Creative

Creative Computing covers com-
puter education in depth.

After all. that's where we got our start and so we
continue to present four or five major learning
activities every issue. If you're a teacher. Creative
will save you hours of preparation time. If you're a
student, you'll be way ahead of your class with
Creative. And if you've already graduated. you can
bone up on what you missed

Creative Computing carries out-
standing fiction every issue.

One of the best ways of exploring future scenarios of
computer usage is through fiction, so Creative seeks
out material from the best authors — Isaac Asimov,
Frederik Pohl, Arthur C. Clarke to name just a few, as
well as many others who are destined to be the best
of the next generation.

Creative Computing’s book
reviews are honest and timely.

We're not owned by a big book publisher to whom
we owe loyalty, nor do we depend upon advertising
for our revenue. Hence, not only do our reviews pull
no punches, but we also rank order similar books
(like all 34 books on the BASIC language which we
reviewed last year). Creative reviews virtually every
computer book of interest to educators, hobbyists,
and general laypeople, even including vendor
manuals and government pamphlets.

An extensive resource section will
save you time and money.

Every issue of Creative carries 40 or more short
resource reviews evaluating periodicals, booklets,
hardware, terminals, couplers, peripherals, software
packages, organizations, dealers, and much more.
Every entry has a brief description, evaluation, and
the name, address, and phone number of the
vendor. You'll save valuable time seeking out this
information, much of which you'd possibly never
come across.

Creative Computing will provide
hours of mind-expanding enter-
tainment, even if you don't have a
computer.

Creative Computing carries 10 or 12 pages of games
and puzzles every issue. Most of the puzzles don't
need a computer or calculator to solve; some do.
Naturally, the 4 or 5 new computer games (in Basic,
Fortran, and APL) in every issue require access to a
computer.

Creative Computing gives you
things to actually do with a com-
puter.

Home computer kit, mini, timesharing terminal —
whatever your access to computer power, Creative
provides thoroughly documented programs with
complete listings and sample runs that you can use
with minimum effort. Games, simulations, CAl,
computer art — whether education or recreation is
your bag. you'll find programs which you can use in
Creative.

A no-compromise policy of
editorial excellence means every
issue is of value to you.

We firmly intend to be around a long time and we
believe the way to do that is to publish only material
of the very highest quality. We believe our readers
are among the most astute, intelligent, and active
people in the world. You can't afford to waste time
reading imprecise, opinionated, or wordy articles
and you won't find any in Creative.

The price is right — only $21 for 3
years.

That same $21 will buy you a pair of Star Trek walkie
talkies. six direct dialed 10 minute calls between
New York and Boston, 3 tankfulls of gas, or 10
cocktails at a Hilton hotel. Wouldn't you rather have
18 issues of Creative Computing each containing
over 85 pages of solid editorial material (including
advertising. over 100 pages per issue). Count the
editorial pages in any other hobbyist or special
interest magazine and compare it to Creative. Any
other. 1 year subscription $8. Lifetime $300.

question

NO RISK GUARANTEE

You may cancel your subscription at any time for
any reason and we will refund the balance without

David H. Ahl, Publisher

FOR FASTER RESPONSE
800-631-8112

(In NJ, call 201-540-0445)
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SUBSCRIPTION ORDER FORM |
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Send to: Creative Computing, Attn: Wanda |
P.O. Box 789-M, Morristown, NJ 07960 |
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PREFACE

Home and hobby computing developments are racing along as such a pace that they make
even the prodigious progress taking place in the fields of electronics and computer
science and engineering appear to be leisurely motion. In the brief, two and a half year
"history" of personal computing, we have seen it grow from an obscure hobby involving
perhaps a few hundred home computers to the current situation in which there are possibly
50,000 or more general purpose digital computers in private ownership for personal use.

The frantic pace of the developments in this field has completely out-stripped the
capabilities of the traditional information media for distributing state-of-the-art
progress reports and data. The media are too slow; the entry of newcomers to the field
from every direction makes the demand too widespread and varied.

As a result, several exciting and informative conventions have been held -- exclus-
ively devoted to home and hobby computing. Each one has included a valuable conference
program, usually including talks by a number of the "frontiersmen" in this new field.
However, until the First West Coast Computer Faire, none of these conferences produced a
written record of their talks and presentations.

From the outset, one of the major goals of the Computer Faire was to produce these
Conference Proceedings. Our goal -- from the beginning -- was to blend the best things
from the previous hobby conventions -- enthusiasm, excitement, and an informal atmosphere
that was highly conducive to easy information exchange -- with the best things from the
professional computer conventions...including the production of a written record of the
Conference Program.

By publishing this document, we allow the entire community of individuals interested
in personal computing to share the massive collection of information =-- much of it invol-
ving state-of-the-art developments -- that was presented in the Faire's Conference Prog-
ram. By publishing it, we provide a permanent record of the talks for those who attended;
we provide a reference document for those who were unable to attend; and, we provide
access to the content of the conference activities to those newcomers to personal comput-
ing -- who weren't even involved in the subject area at the time of the Faire.

Additionally, we have included a listing of the names, addresses, and telephone
numbers of most of the commercial exhibitors at the Faire. Admittedly, the field is
changing so rapidly that parts of this list are already out of date -- parts of it were
out of date by the time the Faire occured, within days of its compilation. However, it
provides a starting place for those seeking vendor information, and -- in this fast-moving
marketplace -- that is not easily obtained.

We hope that the publication of these Conference Proceedings of the First West Coast
Computer Faire will encourage the leaders of the many other such personal computing con-
ventions to publish similar records of their conference programs. It involves a major
expenditure of time and effort, however we believe that it is an invaluable service to
our fast-growing and rapidly changing community.

Jim C. Warren, Jr., Faire Chairbeing
Woodside, California
77 August 1
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ROBOTS YOU CAN MAKE FOR FUN & PROFIT

Frederik Pohl
386 West Front St.
Red Bank NJ 07701

I've been writing science fiction for a long
time—this year marks the fortieth anniversary of
the first time I appeared in print in a science-
fiction magazine for money—and I've been
reading it even longer than that. You all know
what science fiction is. It's that crazy Buck Rogers
stuff, made up by wild-eyed lunatics, that
everybody knows will never come true.

Well, we all know that a lot of things everybody
knew would never come true have come true. When
I was a kid weread Amazing Stories, and Thrilling
Wonder Stories to read about such fantastic
things as atomic energy, and space travel, and
television, and radar, and jet planes; now we read
about them in theWall Street Journal. Not
everything that was discussed in a science fiction
story has really hapened —fortunately enough for
all of us, we've been spared Godzilla breaking up
Tokyo. But much has happened, and there’s a
strange phenomenon I've noted. Some of the most
fantastic things discussed in science fiction
haven’t exactly come true, but what has turned
out to be true, along the same general lines, is
sometimes even stranger. Invasions of little green
men from Mars. ESP-—the ability to communicate
from mind to mind, without the use of the
conventional senses. Robots: clanking, red-eyed
machine-men like Henry Kuttner's Gallacher,
or Isaac Asimov’s positronic creatures.

We haven’t seen any little green men from
Mars—or at least most of us haven’t; there are
thousands of flying-saucer devotees who would
deny that statement. In fact, there is really no
good evidence that the Earth has ever been visited
by any creatures from another planet. But, on the

" other hand, there do exist, and in fact I can show
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And although the existence of ESP between
human beings has not been demonstrated, or at
least not to the satisfaction of most scientists—
here too, there are a lot of people who would
disagree with me—still it is fairly esy to
demonstrate the existence of ESP between a
human being and a machine.

I seem to detect a sort of expression of
skepticism on the part of some of the faces I see;
but I promise that before I leave this platform
tonight I will supply evidence for those two
statements. But before that, what I really want to

talk about—the thing, in fact, that brings us all.
here tonight—is the third of those crazy science- .
fiction ideas that seem to be coming true in an:

even stranger and more significant way than
most science-fiction writers had predicted: the
robot. Or, as we familiarly know it today, the

computer.

A computer is a machine. Generally speaking,
all machines function only as amplifiers of some
human capacity. There are thousands of
machines than amplify man’s muscles: the
airplane, the bulldozer, even the nuclear bomb.
There are even more thousands of machines that
amplify his senses: the microscope, radar, the tv
set. But what makes the computer uniqueis thatit
is the first complex machine ever built that
amplifies neither a person’s muscles nor senses,
but one’s intelligence.

It doesn’t necessarily make the person himself
smarter. But it does make it possible for him to do
things which, if he didn’t have a computer, would
take a smarter person than he do do . .. and often
would require a smarter person than anyone who
ever lived.

Now, we've all seen this happening, quite
pleasantly and productively. The space program,
for instance, simply could not function without
high-speed computer facilities operating in real
time; human being don’t think fast enough.

In a different way, something exciting
happened a few years ago at the Harvard-
Smithsonian Astrophysical Observatory in
Cambridge, Massachusetts. An astronomer
named Owen Gingerich had promised to give a
paper at an astronomical meeting, and he decided
to make his subject a repetition of the
mathematical analysis of Johannes Kepler, three
and a half centuries ago, which led to the
formation of Kepler's famous three laws of
planetary motion.

Gingerich had available to him all the
observational material that Kepler had had, as
well as a knowledge of the mathematics Kepler
had used. (In order go get that, by the way, he had
to develop a computer program to translate
medieval scientific Latin into modern scientific
English.) He didn’t have a much time as Kepler—
Kepler spent four years on the mathematics, and
all Gingerich had was the eight days of a
Christmas vacation. But he had a computer.

So he wrote a program, and he put it on the
computer, and the computer duplicated what had
taken Johannes Kepler four years to do in a little
over three minutes.

Now, that's interesting in itself as a sort of a
parlor trick, and maybe that particular project is
not much more than that. Butimagine what might
have happened if Kepler himself had had a
computer working for him in 1626. It took four
years out of the most creative and productive part
of his life to discover that the orbit of Mars is an
ellipse. If he could have done it in four minutes,



FIRST COMPUTER FAIRE PROCEEDINGS

what might he not have done with the other three
years plus? Keplers are hard to come by. But now
we have thousands upon thousands of scientists
in all disciplines who can, at least in some way,
function at the level of a Kepler or a Mendel or a
Count Rumford, because the computer is there to
help them. And it is this fact, as much as
anything, which accounts for the immense
acceleration not only in the growth, butin therate
of growth, of scientific and technological progress
that we are all seeing every day of our lives.

I've been talking about the uses of the computer
in amplifying intelligence for scientists, but, of
course, thatis not the only place where thatkind of
amplification can occur, or is needed.

For example, I have a pet project of my own. It
has nothing to do with scientists. I don’t quite
know how to make it happen, but it seems to me
that it could be done . .. maybe someone in this
room can perhaps see a way to figure it out.

My interest in the project came about because of
my youngest daughter, who is a brain-injured
child. She is a pretty and rather endearing young
lady, not severely handicapped, but through and
because of her I have found myself involved with
several organizations concerned with learning-
disabled children. The children vary widely, in all
sorts of ways; but I think it can be said that they
have one characteristic that is nearly universal.

They forget.

Here's a young boy, brain-injured, and learning-
disabled. You are his teachers and parents. You
want to teach him arithmetic.. You teach him
addition, and by and by, after a number of
repetitions he learns how to add a column of
numbers—even how to carry, and how to check his
answer. Fine. You then teach him subtraction,
and sooner or later helearns that, too, but then you
throw in an addition problem, and he’s forgotten
that while he learned subtraction.

Or you're his parent, and you want to teach him

to dress himself and get himself ready for school.

He can learn to put on his shirt and button it, and
tie his tie. He can learn to brush his teeth and comb
his hair and wash behind his ears. But there will
be days when he will come downstairs with his
hair brushed, and his shirt buttoned, but he has
forgotten to take off his pajamas. All children do
that sort of thing when they are little. Learning-
handicapped children do it over and over. They
even forget when it is a survival matter, like
crossing a street. On a Wednesday them remember
to look both ways, and wait for the green light, but
on Thursday they forget to look, and on Friday
they forget whether it is "red” or "green” that
means it's safe to cross, and on Saturday they may
forget to turn left on Broad Street and get wholly
lost within a block. And this is serious. What do
you do? Let the child go out, and risk having him
run over? Or keep him secure, and make certain he
will never develop the skills for independent
living?
But suppose—
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Supose the boy had a little, pocket-sized
computer terminal: shared-time, on-line, remote-
access; very much the same thing Project MAC
used at MIT a decade ago, and many other
installations have duplicated since, but small
enough to carry.Suppose one other thing: thatitis
voice-responsive instead of requiring him to carry
around a teletype. And suppose we could give
something like this to every brain-injured or
learning-disabled child or adult in the country.

That's quite a gift. What we have given themis a
memory.

So Jimmy starts out for school and gets to the
first corner. He says to his pocket terminal: "I'm at
the corner of High Street and Main.” The terminal
replies at once, "Right, Jimmy. Wait for the green
light. Then look to see if any cars are turing out of
High Street. If there aren’t any, then you can
cross.”

Because it’s remote access, it has, of course,
builtin communications support, so that if
anything goes wrong, Jimmy can be patched
through to his mother, or his school. He is never
out of touch. He is abel to do as much as he can on
his own, and when the situation is beyond him, he
always has help at hand.

More than that. Because there is a computer at
the other end, he has a teacher always available,
who is never impatient, out of sorts, or bored. I've
watched some of these kids, with a hunger to
learn, setting themselves problems in arithmetic
or spelling. And I've seen CAl installations where
a computer in Stanford helps a student in
Tennessee, with exactly the endless, untiring
patience that the learning-disabled person needs,
rehearsing them over and over in arithmetic and
algebra.

I do not see why computer-aided instruction and
the learning-disabled child cannot be brought
together.

And when you come right down to it, I don’t
think it is only the learning-handicapped child
who needs that sort of help. I think most of us
could use it from time to time.

Let’s see what it might mean to you and me.
About ten years ago I wrote a science-fiction novel
called The Age of the Pussyfoot, in which I
presented my own ideas of what a remote-access,
carry-in-the-pocket computer terminal ought to be
like. Mine was about the size of a darning egg—if
anyone remembers what a darning egg looks like.
It functioned as combination secretary, credit
card, bookkeeper, telephone and radio. I added a
few little extra features, just to improve the
product. Push one button and it dispenses
perfume. Another button gives you adrink or a pill
to cheer you up; another button, and it doles out
contraceptives. I called it a "joymaker.”

Let's leave off the refinements and see how a
joymaker brings joy, or anyway reduces trouble,
in our lives. You're out strolling with you mother-
in-law, and she comments that she likes a kind of
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perfume in a shop window. Three months later the
joymaker reminds you that her birthday is that
weekend, and when you ask it about a gift
suggestion it displays the name of the perfume. If
it’s really expensive perfume—and why would she
be hinting around aboutitifit weren't—it tells you
what your bank balance is, in case you need to
write a check. It’s your alarm-clock when you have
to get to a meeting or make a phone call. Shopping,
it tells you whether the Jumbo Jar with 51 ounces
for $1.93 is a better buy than the Family Economy
size with seventeen and a half ounces for seventy-
three cents. It remembers your Social Security
Number, and your wife’s ring size. Our your
girlfriend’s. Or both. When you fly east for a
meeting with the manager of your Pittsburgh
branch, it reminds you of his wife’s name and the
ages of his children. It tells you in which section of
the lot you parked your car at the airport, and
prods you to take your pill when you get up in the
morning. Traveling? It will tell you the French
words. for "Where’s the men’s room?”, or the
Russian for ”I demand a lawyer.” If you get bored,
it will play chess with you. If yuou get lost, it will
match any two street-signs against a map in its
memory and tell you how to get found again.

And with it—and with the communications
facilities that it always provides—you are never
alone.

Is that a good thing? Do we really want to be in
touch with everyone, all the time?

I don’t know the answer to that, in any moral or
basic-values sense; but what I do know is that
that’s the way we're heading. If you judge what
people want by what they buy, and look at the
sales on CB radios, pocket calculators, telephone-
answering services, and so on, then the joymaker
is the growth industry of the Eighties. And just
think, I'm letting you all in on the ground floor.

But all that is only hardware. If you wanted
tospend the money you could buy a lot of it off the

shelf right now. Let's look a little farther into the.
future. I mentioned the word "robot” a little while -

ago. Is there any real prospect that we're going to
have them among us before long?

A lot depends, of course, on what you mean
when you use the word "robot.” Isaac Asimov has
* one kind, Jack Williamson ;has another, and if
you go back to Karel Capek, who coined the term

out of the Slavic root meaning "worker,” you get

something different still. I think we might say
that a robot is a mechanical analogue of an
intelligent human being. That's a great definition,
in that you ean-challenge every part ofit as-being
so imprecise as hardly to be meaningful at all; but
maybe we can agree on what the traits ofa human
being are: the ability to grow, to feed itself from the
environment, to reproduce, to evolve, to make
decisions, to create—to learn.

Are there any machines like that around?

Johns Hopkins University had one a little bit
like that, some years ago. It wasn’t at all
complicated, or impressive-looking. It was a little,
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sort of rat-sized box on wheels, with an electric
plug and feelers. You plug it into an outlet, and it
charges up its batteries. When they are charged it
pulls the plug out and begins roaming around. It
stays close to the baseboards, feeling its way with
its antennae; when it comes to a doorway ti
cautiously sneaks across, and it keeps on doing
that until it batteries run down. Then it goes
looking for another outlet. It finds one, plugs itself
in, recharges itself, emits a sort of electronic burp,
unplugs itself again, and resumes its wanderings.

And William Turing in England, thirty or forty
yers ago, invented what is called the "Turing
engine.” He didn’t actually build one; it is not a
very elegant design, and extraordinarily
expensive and complex to make into hardware;
but the principle is straightforward enough, and
in principle it can be provied that it would work.
The Turing machine has a long tail that extruded
a paper tape—a little llike the chain of the DNA
molecule, but designed decades before anyone was
quite sure what DNA was. Each section contains a
command. Put all the commands together, and
you have built a duplicate of the Turing machine:
it reproduces. More than that. In printing and
communicating each command, there is always
the chance of error, so that the cory night not
quite be exact. Set up enough Turing macl.ines
and let them reproduce, and maybe some of the
copies would have more survival capabilities than
others, and if so Darwin tells us that they will, in
the long run, breed true: so it not only reproduces,
it evolves.

Learning? Samuelson at Yale long ago wrote
the first checker-playing learning program..He
didn’t tell the computer much about how to play,
only gave it the rules of the game and some notion
of how to decide one board position was better
than another ... and also the ability to remember
what it had done, and to remember nottodo again
the moves that had got it into trouble ina previous
the moves that had got it into trouble in a previous
game. So at first it played really rotten checkers,
but by and by, it learned; and I understand that it
played several strong games against. the
Connecticut State checkers champion not long
ago.

When you come to questions like creativity and
intelligence you are on much shakier ground. An
argument ccan be made, but it's not easy to
demonstrate that they exist in any real sense in
computers . .. of course, it’s not always possible to
demonstrate that they exist in all human beings,
either:-But if you put together the ability to move
independently and feed itself from the
invironment of the Johns Hopkins’ bug, and the
learning ability of Samuels’ program for checker-
playing, and the ability to reproduce and even
evolve of the Turing machine . . . put them all
together and they spell someting. If you don't
want to call it a "robot,” I don’t know what else
there is to call it—except maybe "sir.”

As you no doubt noticed, I glided rather quickly
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over the questions of intelligence and creativity,
not so much because I didn’t want to talk about
them, as because I wanted to look at them in a
somewhat different light. That is, in connection
with the way people think about computers.

We all knw what way that is: a certain amount
of resentment, a little amused contempt, maybe
now and then some fear.

That’s understandable, in an anthropoligical
sense. Primitive man anthropomorphized the
great blind natural forces of his world: lightning
bolts, ocean currents, rocks, trees, predatory
animals. But there are also great blind forces in
our own world, almost as capricious as the
lightning, or the wind: they can punish you by
destroying your credit, or reward you by issuing a
check for $1,000,003 when all you really have
coming to you is the price of a refund on a faulty
pair of socks. We call these forces "the computer”;
they are our collective paschal lamb, on which we
blame all our sins, and we can’t help but attribute
some kind of personality to them.

‘And not without justice. Computers do have
personality. At least, they have traits which, if
exhibited by human beings, we would clearly call
personality traits. For instance, there was a
program at Case Institute in Cleveland a few
years ago, in which they were trying to get
computers to solve complex problems faster by
teaming two computers on a single problem, like a
mother and daughter cooperating to cook a
Christmas dinner. Each computer would work on
a part of the problem, and they would pass their
partial solutions back and forth until they had it
licked. Only it didn’t work. The schematics looked
okay, but it turned out that neither of the
computers wanted to let go of any of its stored
memories to the other. I told a friend of mine about
this; he happens to be a minister with a big
business in marriage counseling, and he said,
"There’s nothing strange about that, it’s what I
hear every day in my study.”

Another trait we generally think of as limited to
human beings is creativity, and, of course, thereis
a great deal of computer-generated poetry, art,
music, and even film script around.

music, and even film script around. Most of it
isn’t any good. But most human-generated poetry,
art, music, and film script isn’t any good either.

I won’t dwell on this particular subject, because
John Whitney is going to show you some real and
first-rate examples of it; but maybe I should say
one word about the other side of that coin. A piece
of art is a communication. A communication
implies two sides: both a sender and a receiver. It
is established that we can get computers to
generate, but can we also get them to consume it?

Maybe Marvin Minsky shows us the way to
that. At MIT he and Seymour Papert developed an
interesting program for studying human
psychology through computer models. They
would make up storeis and tell them to the
computer: children’s stories, because what they
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were attempting to model was the learning
process in the mind of the child, especially those
quantum leaps when the child deduces something
from context that has never been made explicit to
him. The storeis might be something like this:
"Mary was coloring in her book with her new box
of crayons. Her big sister, Sally, came in and said,
'Oh, Mary, what a pity! Those rotten crayons are
spoiling your pictures! I hate to see that happen to
you, so why don’t you give them to me instead?’ ”
And then they would ask the computer what was
really going on: is Sally in all honesty worried
about Mary’s peace of mind, or is she just trying to
rip off the new box of crayons?

I haven’t yet found a use for Minsky’s bedtime-
story computer in sicence fiction, but I must amdit
he gave me part of the inspiration for my newest
novel,Gateway. One of the principal characters
inGateway isn’'t human. He's a psychiatrist. His
name is Sigfrid von Shrink, and he is a computer.
Sigfrid von Shrink comes from a time several
decades ahead of ours, and he has some jazzy
features not found in your average computer
program of 1977—for one thing, he has
holographic attachments that let him look like
Sigmund Freud when he wants to—but his roots
come from an MIT Artificial INtelligence
Laboratory program of more than a decade ago.
MIT’s program worked with the usual tyepwriter
keyboard instead of Sigfrid von Shrink’s mastery
of the spoken language, but if you sat at a
keyboard and typed out

I FEEL DEPRESSED
the program would come right back with
WHY ARE YOU DEPRESSED?
And if you then said something like
MY MOTHER DIDN'T LOVE ME
The program would ask
TELL ME HOW YOU FEEL ABOUT YOUR
MOTHER

It was a pretty simple-minded program. It had
no knowledge of semantics, could only recognize
certain key words like "depressed,” and "mother,”
and "sex,” and responded to them with pre-
programmed sentences. But as Sigfrid von Shrink
points out in my novel, that’s not all that
important. What counts in analysis is not what
happens in the analyst’s head—whether it is
understanding and compassion or total
boredom—but what happens in yours.

Of course, my robot psychiatrist inGateway
lacks a few of the refinements we have come to
expect of current psychotherapy—I don’t think
you would want to be Rolfed by a machine, and it
wouldn’t be much fun in a nude encounter session.
But maybe something could be done about that.
My friend and fellow science-fiction writer James
Gunn has a new story about computer dating . . .
which turns out to mean having sex with a
computer.

Ireally do tink that a computer could function in
some ways as an analyst, but what I am less
certain of is that most patients would sit still for it.
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There is arather pervasive fear of computers that I
thing would getin the way. This fear came home to
me sharply not long ago when I was talking to
undergraduates at the University of Wisconsin. I
was telling them about another project of that
same polymathic Marvin Minsky. Marvin had
mentioned in a scientific conference shortly before

that he was engaged in developing tiny robot-like

things for medical purposes: little remote-
controlled things only a couple of inches across.
He asked the assembled audience to suggest other
uses for them, and some good ones came up in the
discussion: I emember that one proposal was that
they be used to pick potato bugs off the vine. Not
only would that avoid all the problems of
insecticide pollution, but the bugs themselves
were, looked at properly, really a rather
concentrated source of high-grade potein. There
was a vigorous discussion when I was through,
and the students didn’t seem enchanted with this
idea. One of them said, "Well, maybe you and
Minsky might want to usee those things to pick
bugs, but I bet I know what the FBI would do
with them. They would have them creeping
through our dorms looking for pot.”

That’s not an unrealistic fear. Norisit unrelated
to the fear that other people display of centralized
storage of information on credit, tax returns, draft
status, Social Security details, and so on: there’s a
name for that sort of facility; it was coined by
George Orwell, and it’s "Big Brother.” And there’s
no doubt that it’s so. Big Brother is watching all of
us, all of the time.

I share the fear. But I don’t think it’s directed at
the right target. Stalin, Hitler, and the pre-war
Japanese didn’t have any computers to help them,
but they didn’t have much trouble keeping tabs on
what everybody was doing all the time. Inspector
Javert managed to track down Jean Valjean as
relentlessly as any IBM bookkeeping computer
going over your form 1040s, without any
technology at all.

The computer is only a tool, like an ax. Tools are
amoral. You can use the ax to cut the lumber to
build a house, or you can use it to bash in
somebody’s brains. The tool doesn’t care. And
neither does the computer.

What endangers all those great ideals of
personal liberty and individual integrity that
everyone shares, or claims to share, isn’t the
computer. It's the people who run the computers.
People, not computers, applied mechanical, two-
valued logic to human affairs. People, not
computers, harass their opponents and turn a
blind eye to the misdeeds of their friends. People
- decide what penalties or rewards there are to be;
computers do not. I don’t think we have any need
to fear computers that think like human beings.

But, on the other hand, Ithink we are all terribly
at risk from human beings who think like
computers.

I am running out of time, but I owe you
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something before I sit down. I promised I would
defend my statements about ESP between man
and machine, and about the fact that some
fraction of the human race came, literally and
exactly, from the interior of other stars.

Idon’t deny that there are other intelligent races
in our universe—the odds seem to be pretty
heavily that there are. I kind of wish one or two of
them would drop in, once in a while, just for
sociability’s sake; but as far as I can tell, no one
ever has. Yet there seems to be pretty good
scientific evidence for something far stranger.
Astrophysicists think they have a pretty good idea
of how the universe began; it was almost certainly
with some sort of catastrophe, and the catastrophe
seems to have ben a sort of immense explosion

- which released a flood of hydrogen gas into space.

That’s all there was, the hydrogen gas, and the
empty space. Over the eons the gas collected into
clouds which condensed to form suns; in the
immense heat and pressure of the interior of a star,
the hydrogen was cooked into the heavier
elements—and when those early stars exploded,
they flung into space all of the elements, every bit
of all of the elements that are heavier than
hydrogen. Including all of the carbon in the
universe, all of the oxygen, all of the nitrogen, all
of the calcium that make up more than three-
quarters of the weight of our bodies. So most of my
flesh—and most of yours—was once, billions of
years ago, in the heart of a sun;and that seems to
be far stranger than any little green man from
Mars.

As to extra-sensory communication between a
human being and a machine, that's pretty
straightforward. "Extra-sensory” means without
the use of the senses: sight, hearing, touch, taste,
smell. I can do that. I can sitin a rom and without
speaking or moving, make a machine stop or start,
go faster or slower; not only that, but all of you
probably could too, if you wanted to go to the
trouble of learning a fairly easy, new skill. It's
only a matter of controlling the alpha waves of
your brain. Most people can control them if they
want to, at least to alimited extent; and if you then
hook up a rheostat to respond to the amplitude of
the alpha waves, you can display them on a
cathode tube if you like. But the machine doesn’t
need that: you can, in fact, command the machine
to do what you want it to, without any sensory
intervention at all.

Now, I confess that in some sense those are
verbal quibbles; but there is another kind of extra-
sensory communication involving machines that
isn’t a quibble. It hasn’t happened yet. But it
could, any time anybody wanted to build the
hardware. It's an invention of John Platt
hardware. It's aninvention of John Platt’s, and he
calls it his "left-hand radio.” Take a human being,
and fasten on his left wrist a little radio
transmitter, connected to some fine surgical
probes that tap into the nerve centers of his left
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‘hand. Take another human being, and strap onto
his wrist a receiver, connected in the same way to
similar probes in his hand. Human being A moves
a finger; the probes pick up a signal and broadcast
it to human being B; his radio fires the signal into
his nerve centers, and his finger moves too. Clench
fisltl: A; fist B clenches. Relax one, and you relax the
other.

Does that seem like a trivial thing? Maybe so.
But suppose the hand whose every muscular
twitch you feel is the hand of Alexander
Brailowsky, playing the Fantasie-Impromptu, or
Ruggiero Ricci fingering his Guarnurius . . . or a
masseur, or a lover. Or suppose that it is not just

‘the left hand you can feel but maybe even the
whole body: the body of a Baryshnikov, or an
Olympic runner . . . perhaps you can feel more, all
of the sensory inputs, in fact, whether of ecstasy or
pain.

I don’t know whether all that would work. But I
know that I would like it to.

You see, I can’t accept the evidence for £SP. But
I can understand why a great many intelligent,
sensible and competent men and women can and
do accept it. A great science-fiction writer of an
earlier day, Voltaire, once said, "If there were no
God, it would be necessary to invent Him.” I think
the case is exactly the same for ESP. In the
crowded and complex world we live in—and in the
far more crowded, and infinitely more complicated
one that lies just ahead— there does not seem
much chance for survival unless we can find some
better way to make contact with the inner reality
of other persons, to feel what they feel, and
understand what they want, to reach out and
touch what is at the core of another human being,
and to preceive it with compassion, and respect,
and understanding.

So if there is no ESP—if thereis no clearer, surer
way to reach understanding between people than
the tricky and tendentious forms of words we use
in trying to deal with real-time problems, then
we'd better get on with inventing one.

I said at the beginning of this talk that the right
way to view a computer seemed to me as a tool that
magnified human intelligence. We can stand all
the amplifying of that trait we can get; and I
predict with great confidence that we will find a
solution to that problem. In fact, I regard it as the
safest prediction I've ever made, because if I'm
wrong—if we don’t, through computers or some
other medium, find a way to reach a fundamental
understanding of other human needs—I don’t
thing there will be anyone around to call the bet.

BIOGRAPHICAL SKETCH

Frederik Pohl has been president, Science Fictin
Writers of America, from 1974 to 1976. He has been
Bantam Books’ Science-Fiction Editor since 1973, and
an Authors League Council Member since 1976.

Frederik has authored (alone or in collaboration)
appproximately 50 books, and edited an additional 40
atnthologies. He has contributed several hundred short
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storeis and essays to publications all over the world,
ranging from Family Circle to Playboy and Rolling
Stone, and, of course, nearly every science-faction
magazine. He has been translated into more than 40
languages.

Frederik has recieved four Hugos (top annual science-
fiction award), and is the only person ever to receive the
Hugo both as editor and as writer.

He has lectured to more than 200 colleges in the -
United States, Canada, and ten other countries, as well
as literary and professional gatherings. He was for four
years a staff lecturer for the American Management
Association on the challenge of the future, and has
toured Yugoslavia, Romania, Poland, Bulgaria,
Hungary, Germany and the USSR under the auspices of
the State Department. He has represented the United
States in international literary symposia in Tokyo, Rio
de Janeiro, Milan, and elsewhere.

Frederik has been called "the most consistently able
writer of science fiction, in the modern sense, has yet
produced.” (Kingsley Amis, in New Maps of Hell.)

He has participated in scientific meetings sponsored
by NASA, New York Academy of Sciences, American
Astronautical Society, American Documentation
Association, and various other scientific grops. He was
a Session' Chairman at both the First and Second
General Assemblies of the World Future Society.

Apart from science and science fiction, Frederik
Pohl’s sphere of interest includes political science
(Practical Politics, Ballantine, 1971), Roman history (he
is the Encyclopedia Britannica's authority on the
Roman emperor, Tiberius), and music (forthcoming
work on the violin concerto). His most recent books are

_The Early Pohl (Doubleday, 1976), Man Plus (Random
House, 1976), and Gateway (St Martin’s Press, 1977).

For further information, consult Who's Who in

America.
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Dlgltal Pyrotechmcs. The Computer in Vlsual Arts

John H. Whitney
600 Erskine Dr.
Pacific Palisades CA 90272

ABSTRACT

Harmonic forces give shape to our experience of
past and future. This is the dramatic essence of
musical experience. It is why the composer, more or
less intuitively, has manipulated the network of
harmonic relationships of all musical scales for as
long as music itself has existed. Evidence is
accumulating to substantiate the need for much
further study.of harmonic phenomena. Because
there is reason to believe—as I do—that the
tensional charge and discharge—the expectations
evoked and thence fulfilled by tonic structures in
music—all this is a direct product of the
mathematics of harmonic order. I further believe
that the same possibilities exist in the skillful
design of harmonic pattern for visual perception.
Therefore, I am exploring harmonics designed for
eye instead of ear. It is interesting to note that the
very creation of harmonic pattern had been
altogether inconceivable until a very recent time
when computer graphics eventually and slowly
became available to the visual artist.

I'd like to show how well computer graphics and
harmonic pattern are suited for each other. And
'show how useful this compatibility can be for
employing the computer to charm the eye.

To begin, let’s consider the manner by which
composers for . centuries have used harmonic
"force” to attract and hold the attention and
otherwise charm the ear. Then we will examine a
similar form of visual "force” which has been
made possible by computer graphics.

At the outset we know the musician’s ‘aural
spectrum to be an undifferentiated and
continuous spread of frequencies, say from twenty
to twenty thousand cycles. Yet this apparently
homogeneous continuum is not continuous at all.
Harmonic relationships interactively transfigure
this spectrum. Harmonic phenomena create

discontinuities, as nodules of tension,

anticipation, and resolution deform this otherwise
smooth continuum. Whole number, or harmonic

nodes, scattered throughout the spectrum create -

order/disorder proclivities: centers of emotional
focus which distort an otherwise smoothly
ascending texture. In fact, sounding tones over the
span of just one octave persuades the ear that we

are nearer a return back to the start than we are.
advanced along any straight line of upward

continuous ascension.

I want to suggest that it is this particular -
discontinuity, not really any other quality of the

audio spectrum, that constitutes the raw material
of the composer’s art. Not pitch, texture, rhythm,
and meter. Not frequency, intensity, and density,
as most 20th-century modernists have wanted us

‘to believe.

That is to say, no matter how we divide the
spectrum into steps we find a hierarchy of
perceptual values that distinctly rank each step. It
is the composer’'s cunning, or intuition, or even
mindless exploitation of this hierarchy that is the
primary source of rhythmic vitality and emotional
content of music. The composer, however, must
cooperate with these natural harmonic forces, or
see his strategies defused by them. He cannot
work his will against, nor exercise insensitivity to
the charge and discharge. He cannot escape the
dominion of the gravitational force of harmonic
moment.

‘Furthermore, as a corollary to all the above, a
visual domain of harmonic consequence has
become accessible through computer graphics.
With the graphical display rooted upon coordinate
mathematics it is only natural that a great variety
of periodic interference patterns can be produced.
The motive now exists for the artist composer to
discover his way into this diverse domain of
dynamic visual form structured out of two and
three-dimensional harmonic periodicity. This
domain abounds with tonic centers of focus as in
music. And this domain will render up an
equivalent rhythmic and emotional content as in
music. I think we will soon see the artist learn to
cooperate anew with natural harmonic forces in
hitherto unexplored visual temtory

In truth, harmonic forces give shape to our
experience of past and future.

Yet harmonic force is not all that mysterious.
We can speculate why the sound of "ti” urgesus on
to ”"do.” Significantly a good diagram for the
perceptual dynamics of harmonics is found in this
picture (Figure 1).

It is characteristic of harmonic phenomena,

. visual, aural, or otherwise, to show this kind of

pattern. As patterns go, the illustration is perhaps
explicit in a way that is even more obvious than
the aural, leading-tone effect of ”ti” upon "do.”

Eye and ear, each in its own unique manner,

experiences the dynamics of this kind of pattern

asan eventintime—as punctuation. Especially as
an event of arrival or departure. When we arrive at
"do,” the octave above the tonic ”do,” we hear that

. rudimentary ' relationship with a . particular
_infallibility. If we sample ascending steps of the

scale, the ear is bound to sense the final event of
arrival just as the eye can see arrival and
departure relationships in theillustration. I might

. add that these relationships are many times more
" explicit when seen as a motion picture sequence.

In terms of visual perception, vaguely a
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corollary to aural responses, we have here a
phenomena of hierarchical distribution and
classification of elements into an array in which
all are ranked according to some perceptual scale
of complexity.

No need to argue which pattern is more
"consonant” than another. For generating
dynamic patterns here is an order/disorder
principle, or a consonant/dissonant, principle to
work with. It is a principle which can be exploited —
in more ways than one might expect to give
meaningful order to temporal development. The
principle becomes a composer’s valid strategy—
probably the first strategy to be so defined and
applied in the brief history of the art of computer
graphics. ) Syl Ny

Finally, it is worth remarking that the W W
illustration for this article could not be created by -
conventional hand-drawing techniques. At least
that would be quite difficult. Moreover, it would be
impossible to hand-animate the film from which
the illustration was derived. Many of these films
required thousands of drawings while the °
computation for plotting is staggering. Thus the
computer is the ultimate and the only tool for -
visualizing the dynamic world of harmonic
functions. This may serve to illustrate the point
that this new world of visual art cannot be
confused with any previous traditional forms. ::.
(See Art International, Vol. XV/7, September 20,
1971.)

It should be of particular interest to realize that
computer graphics—this 15-year-old infant—is
patently capable of bringing forth a totally
different kind of visual experience as unique and
riotously enjoyable—much cheaper—more
energy/materials intensive than the Chinese, pre-
Christian invention of fireworks.

: BIOGRAPHICAL SKETCH

John Whitney’s growing reputation as a pioneer with
applications of the computerin visual art was advanced
another step with the completion of his film Arabesque
last year. The film has received high honors in the U.S,,
and abroad; including Iran where its relation to the
traditions of Islamic pattern was acknowledged. John’s
thirty-seven year "obsession” with the role of time and
movement in visual art led to computer graphics long
before that technology was accessible, or practical.
What for years was only an obscure experimental study
is just now evolving into an accepted and recognizable
fine art attracting many young artists. It is a field
which is of growing interest to the personal computing
. experimenter. John Whitney’s part in bringing about

these developments is well known.

o

L,
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FIGURE 1.

Each of these frames might represent samples -~ T e L
approximately one second apart out of a

smooth continuous action sequence total-

ing twelve or more seconds in length. Read

from bottom to top.
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THE 1940'S: THE FIRST ‘PERSONAL
COMPUTING ERA

Henry S. Tropp

Professor, Mathematics
Humboldt State University
Arcata, California 95521

ABSTRACT

The beginning of the modern computing era (generations
-1, 0 and 1, c. 1935-c. 1955) is best chronicled by observing
the efforts and determination of certain key individuals. One
of the workers in the immediate post-WW |l period charact-
erized the machine architecture with a comment that he could
look at the design of a new machine and identify its geograph-
ic area of birth and, in many cases, the individuals involved.
Nelson Blachman's 1953 ONR “Survey of Automatic Digital
Computers,” listed 98 ‘machines’ which had been completed
or were under construction by 75 different companies, univer-
sities, or governmental agencies. The majority of them were
one of a kind, although in many cases the designers indicated a
willingness to make plans and drawings available. This stamp
of individual philosophies and the willingness to share infor-
mation pervades this early environment where few could see
the future explosion of information processing (the ‘computer
revolution’) that we are still experiencing. In this talk, | will at-
tempt to describe some of the efforts, frustrations, and achiev-
ments of a few of these individuals.

Anyone who looks up the word “‘computer” in a dictionary
published before 1955 will discover that it refers to a human
being. That is, ““one who performs a computation.” Indeed
this is an accurate characterization of the term up to the early
1950's. The early electronic devices were generally called Cal-
culating Engines or Giant Brains.) Computing was primarily an
individual, or occasionally a team effort. The development of
mechanical devices by Schickard, Pascal, and Leibniz paved
the way for desk-size calculating devices, but they didn’t sub-
stantively alter the computational environment. The construc-
tion of tables to facilitate astronomical, astrological, naviga-
tional, or mathematical calculations can be traced back at
least to the early Babylonian cuneiform tablets. Babbage’s
19th Century efforts to construct calculating engines, is well
known, as is his inspiration from the Jacquard Loom for
punched-card input and Lady Lovelace’s concept of what we
now call programming. Due to his failure to complete a work-
ing model, however, his ideas had no effect on the computing
scene.

One of the early efforts that had a major impact on the -

20th Century computational environment was Herman Holler-
ith’s construction of a tabulating device, which he developed
for use in the 1890 census. This punch-card tabulator led to a
variety of mechanical accounting machines and some individ-
uals conceived of ways to use them as computational aids. For
example, in the early1920°s, Henry Wallace gave a course at
lowa State College, using an IBM key-driven machine to calcu-
late correlation coefficients. In the same decade, L.J. Corie (in
England) used accounting machines for scientific calculation,
and the construction of mathematical tables. In the latter part
of the 1920’s, Ben Wood established a statistical laboratory at
Columbia University, using IBM donated equipment. Out of

of the 1920's, Ben Wood established a statistical laboratory at
Columbia University, using IBM donated equipment. Out of

Ben Wood’s experience, and again with donated 1BM punched-
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card equipment, Wallace J. Eckert established an astronomical
computational facility, also at Columbia. Another computa-
tional development, in the 1920, was Vannevar Bush’s first
analog computer. These developments, along with a growing
electronic technology that included the development of radar
and television prior to WW I, established a technological basis
for what is now called the computer revolution. By the mid-
1930’s, the capability was there, but some of the key ingre-
dients were still dormant.

Prior to WW I, there was no widespread interest in develop-
ing a capability to do large scale computation. A few individu-
als may have felt a personal need for such a capability, but
there is no evidence that governments or commercial firms saw
any value in generating the time and funds necessary for such
developments. At NCR and IBM, for example, devices were
built shortly before WW Il which performed arithmetic oper-
ations at electronic speed, but management of both companies
showed little interest in pursuing this avenue. Two specific
examples will illustrate this attitude in two different environ-
ments: a research laboratory and a major university. -

At Bell Laboratories, George Stibitz was employed in 1930
as a research mathematician. One evening, in 1937, in the kit-
chen of his home, he arranged a few relays on a small piece of
plywood in order to demonstrate a mechanical procedure for
adding one-digit binary numbers. At the time, Stibitz was
concerned with switching network problems. At Bell Labs,
computers were available to perform necessary calculations,
which. consisted in great part of adding, subtracting, multi-
plying and dividing complex numbers. These computers
consisted primarily of about a dozen women using pencil,
paper and desk calculators. When a fellow employee sug-
gested to Stibitz that the computations might be acceler-
ated if one could figure out someway to hook two or three
desk calculators together, he proceeded, instead, to use his
binary relay device to design a circuit that could multiply and
divide complex numbers. This generated enough interest so
that a group of Western Electric engineers, headed by Sam
Alexander, completed construction of the Complex Calcula- -
tor in 1939, capable of all four arithmetic operations.

The Complex Calculator (later renamed the Bell Mod ),
had some unusual features. When it went into operation in the
Bell Labs Building at 463 West Street, N.Y.C., it became the
first remote access computing system in existence. The
calculator was kept in a locked room, with keys available only
to maintenance people and custodians. Access was by means
of one of three teletype keyboards in the building. (Not
time-sharing- -only one at a time.) This was dramatically
demonstrated at the summer meeting of the Mathematical
Association of America, when, in September, 1940, Dr.
Stibitz described the device and attendees were able to
put problems on the keyboard located in a hallway out-
side of the lecture hall which was connected to the calcu-
lator in New York. That is, access over a long distance data
link. Its speed is almost embarrassing today, 30 seconds to
find the quotient of two 9-digit complex numbers, a factor
of about 3:1 over desk calculators. But is has a few more
important advantages: The excess-3 checking code made errors
impossible. If a relay failed, it stopped; also, continuous,
fatigue-less operation. .

With the completion of this Calculator, Stibitz approached
management with the suggestion. that an investment of
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$50,000 would most likely produce a large-scale general pur-
pose device using the same ideas and technology. The proposal
was turned down essentially with the response ‘“who wants to
spend $50,000 just to be able to do ordinary computations a
bit faster and easier?”

World War |l provided a response to this question, particu-
larly with the need for ballistics computations. The computa-
tion of one ballistics trajectory requires about 750 multiplica-
tions. For one trajectory, this will require about seven hours
of human desk calculator time. The time factor is not signifi-
can until you have to do large batches of 100 or so. Here, the
relay calculator was capable of a speed factor of about 10:1. A
survey of 100 trajectories could be calculated in about 24
hours, as opposed to 700 human hours, with built-in checking
reliability and 24 hour-a-day, 7 days a week performance. Dur-
ing the war, Bell Labs constructed the Mod Il (Relay Interpo-
lation, 1943), the Mod Il1 (the Ballistic Interpolator, 1944),
the Mod IV (Mark 22 Error Detector, 1945); and after the
war, the general purpose Mod V (one for NASA, 1946, the
other for Aberdeen, 1947), and the Mod V1 (Bell Labs, 1950).
These calculators had not only error detecting codes, but some
had error-correcting codes, floating point, check signals, and
many features which enabled it to run unattended for many
hours. Although | tend to classify these electro-mechanical
relay computers-as generation -1, many of their features didn't
appear in electronic machines until generation 2.

A second development in the U.S. occurred at the same
time that Stibitz suggested using relays to perform calcula-
tions in a binary mode. It occurred at an institution where, un-
like Bell Labs, one would expect, and indeed find, little inter-
est' in computational capability: Harvard University. In 1937,
Howard Aiken was completing his doctorate at Harvard where
his thesis on the laws of space charge had involved him in 18
months of laborious hand calculations of nonlinear differen-
tial equations. In response to a query after his oral examina-
tion about his future plans, he said he hoped to make it poss-
ible for future scientists to avoid his grueling computational
experience. In fact, he had already written a first draft of a
proposal to perform sequential computations in an electro-
mechanical mode. His efforts to bring his proposed device
into being resulted in a good deal of hostility among the
Harvard faculty and administration. But with his natural
stubborness, Aiken persisted until, with the aid of colleagues
Harlow Shapley (Astronomy) and Ted Brown (Business),
he was able to see the president of IBM, Thomas Watson, Sr.
Watson agreed to have IBM assume the costs and assigned
engineers Claire Lake, Frank Hamilton and Ben Durfee to
collaborate with Aiken. Despite delays caused by WW II,
the Automatic Sequence Controlled Calculator (Harvard
Mark 1) was installed and running at Harvard in 1944. From
then until it was dismantled in 1959, the Mark | performed
needed calculations for the defense department, the atomic
energy group, as well as the computation of many volumes
of Bessel functions. From the standpoint of speed, it was in
a class with the Bell relay calculators, both soon to be hope-
lessly outclassed by the electronic machines. From the stand-
point of reliability, accuracy and negligible down-time, it had
no electronic rivals until the electronic 2nd generation ma-
chines. The technology used in the Mark | was not new, most
of it had been used and tested through at least a decade of
various applications. From an architectural standpoint, it
was designed to do operations in a sequential manner in much
the same way that Howard Aiken would have solved his prob-
lems with pencil and paper. Its 60 foot rotating shaft, trans-
lating horizontal rotation to vertical, was reminiscent of a
power plant generator. Not too surprising when one knows
that Aiken was a power engineer for the Wisconsin Gas Com-
pany from 1923 to 1935.
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However, .the most significant impact of the ASCC is more
subtle than the machine .itself. Howard Aiken felt that it was
his duty to spread the word. The visitors log of the Mark | in-
stallation shows the wide range of scientific, technical and gov-
ernmental individuals who came to view and learn. The Har-
vard computational facility became a center for people inter-
ested in machine-oriented computation. Many graduate stu-
dents who used Mark | at Harvard are recognized leaders in the
computer environment today. Aiken organized two conferen-
ces (1947 and 1949) in which he made it possible for everyone
interested in automatic computation to present papers or to
come to learn what was going on. The atmosphere was an open
one of sharing ideas and disseminating the experiences of
everyone interested in assisted computation. Aiken also tra-
veled extensively to Western Europe, and his approach and
philosophy are evident in early European machines. The Mark

1 was followed by the electromechanical Mark 1l and the elec-

tronic Marks 11l and IV. Aiken was a strong-willed individual-
ist with tremendous vision. But even he had his visionary lim-
itations. When one of his colleagues suggested improving
the speed of the printer, he replied: “Why would we want to
print faster than someone can read?"”

There were other computational devices suggested or con-
structed in the late 1930’s. Konrad Zuse’s Model Z1 was com-
pleted in 1938, and his fully operational relay calculator, the
23, was completed in Germany in 1943. At lowa State Col-
lege in Ames, John Atanosoff attempted to build an electron-
ic device that would solve a system of 28 equations and 28
unknowns by Gaussian elimination at electronic speeds. Al-
though this device was never operational, recent litigation has
revived the details of the effort.

The operational beginning of the electronic digital compu-
ter began with ENJAC. (Colossus, an electronic cryptanalytic
device built in England in 1943 was classified information
then and is still primarily classified today.) The literature
is full of this event and the role played by John Mauchly,
who conceived of it, J. Presper Eckert, who was associated
with him in its design and implementation, Herman Gold-
stine, who played an important role in getting the project
funded by Aberdeen, and other individuals like John Brain-
erd, Arthur Burks, etc. Instead of repeating this part of the
chronology, | would like to focus on the summer of 1946.
The event: A summer course at the University of Pennsylvan-
ia’s Moore School of Electrical Engineering. Subjects: ENIAC
and the proposed EDVAC. Here, as at Aiken’s later Harvard
conferences, an attempt was made to provide a forum to
present all known information on electronic computers,
using the only one known to exist and to discuss the design,
operation and architecture of EDVAC, the first machine
into which was to be incorporated the capability of modi-
fying its instruction. The goal of this program was to share
all that the builders and designers of ENJAC and EDVAC
knew, and to help others who might want to construct
their own devices. One of the invited participants was Maur-
ice Wilkes, from Cambridge University. Although he arrived
a couple of weeks late, due to difficulty in getting a ship from
England, by the return voyage, Wilkes was already designing a
scaled down version of EDVAC, a machine which became op-
erational in 1949, with the acronym EDSAC. Information
{and people) in this period seemed to flow freely. The most
general directional patterns were from the U.S. to England
and England to U.S.; the eastern U.S. to western U.S. and
to western Europe. John von Neumann’s project at the In-
stitute for Advanced Study sparked parallel projects at Oak
Ridge, Argonne, the University of lllinois, Rand Corporation
and Los ALamos (to name only a few). In fact, some of IAS
Projeny may have gone on the air before Von Neumann's
machine at Princeton.
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The U.S. west coast computational environment is an inter-
esting illustration of this phenomena to share information. The
decisicn. by IBM to manufacture the defense calculator in
1951 (the IBM 701), led to a group of individuals at places like
Rand, Northrup, Hughes, etc., to informally organize in order
to be able to share information and to avoid duplication of
effort in the use of the 701. The informal gathering led to a
slightly more formal one, DCA, (DCA = Digital Computer As-
sociation) and later, with the announcement of the IBM 704,
to SHARE. As one of the key organizers of SHARE put it:
“Isn"t it disgraceful that on the 701 there were 18 machines,
and there were 18 assemblers. Let’s invite every person who
has an order in for a 704 to come and talk about, number one,
how can we reduce from 18 assembly programs to one, and,
second, anything else of interest.”

These brief sketches of the role of the individual in suc-
cessfully achieving a desired goal in a hostile environment, the
general enthusiasm of a small group of early practitioners to
spread the word and the open exchange of ideas characterize
generations -1, 0 and 1 of what is now called the computer re-
volution. But the growth of an industry from non-existence
three decades ago to one where the number of computers
(excluding pocket calculators) has grown to 350,000 or
400,000 has to have exerted a change on this environment.
The small number of individuals involved from 1947 to 1954,
their constant dialogue with each other, visitations, mutual
help gatherings, enthusiastic participation by everyone from
the project head to the people on the benches, characterized
the era of the birth of the electronic information processing
era. Many of the one-of-a-kind machines of this early period
carried some architectural signature of its builders’ attitude
toward computational design. One of the pioneers claimed
that he could look at a new machine and identify in what
geographic locale it was built, and often even identify some of
the people involved in its design. Jim Warren, in a recent issue
of Dr. Dobb’s Journal characterized this in the following way:
“The sharing of ideas is useful in that it allows us to stand on
one another’s shoulders, instead of standing on one another'’s
feet. But, there is something else shared that is of at least equal
value: the enthusiasm and intellectual excitement.” The com-
puter hobbyists in their enthusiasm and excitement appear to
have re-introduced those elements which were prevalent be-
fore 1954 back into the computer environment. Who knows
what the spin-off of this rebirth will be?
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THOSE UNFORGETTABLE NEXT TWO YEARS
TED NELSON

Here we are, at the brink of a new world. Small computers
are about to remake our society, and you know it. | am sup-
posed to tell you what is about to happen in the near future.

But to understand the future we must understand the
past: most people don‘t realize what has happened. What is
astonishing to me is not so much the future as the past, and
the things that are going to surprise people - - the sudden ap-
pearance of little helpful interactive computers everywhere -
- should be less surprising than the past circumstances that
have delayed all this till now. .

We have inherited some silly myths about the nature of
the computer; and these myths are miraculously shared by
both computer-lovers and computer-haters. They are the
silly and cruel myth of depersonalization - - that computers
demand impersonal behavior and rigid unpleasant rules, not
to mention punch cards; the myth of efficiency, that using
computers to depersonalize ways is somehow good; and the
myth of technicality, that to criticize or try to appreciate
computer systems is beyond the competence of the lay-
men. These vicious myths, and more, imprison us all.

Many computer people seem content with these myths
and -- intentionally or not -- keep them going, dealing with
non-computer people ominously and unhelpfully, with hard-
heartedness, scientific pretension and scary lingo.

We all know that there are those in the computer pro-
fession who enjoy pushing other people around, who hide
behind the computer and say the pushing around is the com-
puter’s fault. The computer is functioning as a mask. There
are even those with long hair who teach computer science
and talk about computer liberation, who yet enjoy mystify-
ing and confusing people and leaving them helpless. Worst,
| regret to report that there are actually people who enjoy
pushing people around, and intimidating them, in the amateur
computer field.

C.P. Snow, the English author, has spoken of what he calls
“the two cultures” of educated people, one being those
scientifically trained and the other being the humanists.
Ordinarily these two factions do not speak to each other,
each regarding the other side with distrust and disgust. Com-
puter people continue this tradition. Many computer people,
indeed, seem to half-desire some kind of a showdown fight,
where they are going to rub the humanists’ nose in compu-
ter jargon, possibly to get even for having had their spelling
corrected.

Do you think it's not as bad as that? Consider the prob-
lem of lower-case lettering for display and printout on com-
puter terminals. Some computer people feel there is no need

" for lower case. This is a slap to all lovers of the written word.
If you have no lower case on your terminal, it assures that no
person with a literary background will ever use your text
editor.

Or consider an argument that recently occurred in one of
my seminars. A student of mine is planning to implement a
text system along certain lines | advocate. But he insists that
the user, typing in text, and each typed sentence with a spe-
cial character, such as the caret. When | pointed out that stan-
dard practice for both stenographers and authors is to delimit
a sentence with two spaces, he was indignant. “’l| don’t want
to have to type two spaces after a sentence!” he declared, pre-
ferring instead his caret; it did not matter to him that literary
people would hate the caret more than he himself hated the
two spaces, and so they wouldn’t use his system.

With these points | have intended to highlight several prob-
lems. Computer people are not all of them prepared to honor
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or appreciate the wants and needs of others, especially those
with different points of view. And this has had, and will con-
tinue to have, curious repercussions. Old style computers are
about to collide with new style computers, and many people
will get caught in the middle.

Here is what has happened so far. In January of 1975,
MITS announced the Altair computer kit for $400. That
seems a long time ago: in the two years since then, so much
has happened. To the surprise of some people, the Altair
computer took off like a rocket. Certain other people, who
had been almost ready to do the same thing (they say), were
galvanized into action. More brands appeared.

The next major event was Lois and Dick Heiser’s opening
of their Computer Store in Los Angeles. “Now why didn‘t |
think of that?”’ was everybody’s first reaction, followed in-
stantly by, “I still could.”

So here we are. Perhpas twenty thousand dinky compu-
ters, perhaps more, are in the hands of small businesses and
hobbyists, too, have visions of becoming small businesses.)
Some three to five hundred computer stores are open, or on
the verge of opening, or in some other stage of near-existence.
And throughout the country are the cottage computer indus-
tries: people making accessories, software, teeny mainframes.
Catering to these mad folk are half a dozen -- probably a doz-
en by the time this comes out -- counterculture and hobbyist
computer magazines.

Now, as far as | am concerned these developments are no
surprise at all. The surprise is that it took so long to get
started.

Certainly the computer-on-a-chip could be seen coming
ten or twelve years ago. Now some people call them ““micro-
computers,” But nothing could be more absurd than calling
them “microcomputers:”’ a radio is still a radio if it is built
from integrated circuits, not a “micro-radio;” a tape recorder
or a hearing aid or a telephone is not a ““micro-tape-recorder”’
or “micro-hearing-aid”’ or “micro-telephone’” even if it is
built from integrated circuits; and a computer is a computer
whether or not it is built from integrated circuits. The res!
meaning of calling it a “microcomputer” is this: the word
is a face-saving device for people who did not see any of this
coming, who had their heads in the sand. Calling these things
“microcomputers” implies that they are something new un-
der the sun, a technological surprise which could not possibly
have been predicted, so the term absolves the speakers of
having been fatheaded in expecting the status quo to contin-
ue. The surprise is all in their minds.

The dinky computers, as | prefer to call them, are widely
belittled in the regular computer industry. But our funda-
mental 8080 chip, suitably supported, is approximately com-
parable to the 1401, which was the workhorse computer of
American business in the early sixties. For many purposes
the 8080 is more than adequate. It's always nice to have
more computing power, but then it's a/ways nice to have
more computing power. There will come a day when the
power of a big PDP-10 will seem inadequate for a personal
computer. .
" For now, though, the dinky computers are working magic
enough. They will bring about changes in the society as radical
as those brought about by the telephone or the automobile.
The little computers are here, you can buy them on your plas-
tic charge card, and the available accessories include disk stor-
age, graphic displays, interactive games, programmable turtles,
that draw pictures on butcher paper, and goodness knows
what else. Here we have all the makings of a fad, it is fast
blossoming into a cult, and soon it will mature into a full-
blown consumer market.

FAD! CULT! CONSUMER MARKET! The rush will be
on. The American manufacturing industry will go ape. The
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American publicity machine will go ape. American society
will go out of its gourd. And the next two years will be un-
forgettable.

SCENARIO

The exact sequence of events is of course hard to predict.

The general outline, however, is not mysterious. Let me
try to fill in some of the basic things | think are going to
happen.

In 1977, tens of thousands of computers will be sold to
individuals; the current demand level, with machines sold
as fast as they come into stock, will probably continue for
some time, possibly several years for the better machines.

The sales of the S-100 machines, like Altair, Imsai, SOL
and Polymorphic will continue strongly. If you've followed
the computer field for any length of time, you know that
standardization is generally established on a defacto basis
by whoever gets someplace first. it should have surprised
no one that the original Altair system of interconnection
at once bacame a standard. Many engineers have said, “Aw,
| could do better,” and proceeded to try, but that has been
quite beside the point. When there is a standard way to do
something, the possibility of a better way is often academic.

So we have seen a mass movement: Processor Technology,
Cromemco, et al. have built boards for the Altair, and then
their own computers on the same system of interconnection.
Whereas little computers like the Sphere, the Jupiter Wave
Mate, the Digital Group, indeed MITS’ own 6800 machine -
and conceivably the Heathkit computer that is to come --
have ignored this standard at their peril, attempting to cre-
ate a non-interchangeable market.

So far these little computers, from little manufacturers,
comprise the “amateur” market. But next we will see the
bigger manufacturers come rolling. Large-scale manufac-
turers will enter the game; some are already talking about
building millions of units. And already there are ‘video
games’’ actually containing a computer, such as the Fair-
child for $150.

Soon the media will hear about it, especially magazines
and TV news. They will go out of their minds, and give
home computers the full-scale ““mysterious phenomenon’’
treatment. They will make all those incredibly stupid jokes
over and over, about “thinking machines”, and about 7984.
But few of the journalists will bother to find out what com-
puters are really about until everybody else knows already.

The funniest aspect of the press coverage will be, of
course, that everyone they talk to will have a different story;
it will be impossible for reporters to converge or focus. Some
of the people interviewed will tell the press that home com-
puters are an extension of ham radio (this has actually hap-
pened); others will seem to say it is an outgrowth of the
space program or of video games, or of the New Math, or
of pocket calculators, or who knows what. And they’ll all
be wrong because they didn’t see that computers were for
people in the first place.

After the media, of course, the stock market will react. Wall
Street will behave as Wall Street always behaves in the face of
a new consumer fad, and public corporations involved in home
computing will lurch upward in price.

About this time it will become clear that home computers
are actually as important as people thought video disks would
be. Many people will try to get on the little-computer bandwa-
gon in inappropriate ways. The cable TV operators, for in-
stance, will blunderingly keep trying to set up some sort of
a connection to home computers. There isn’t any -- except
that they could use dinky machines to generate little anima-
ted cartoons and logos.
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Now the really big manufacturers will come in. Philco and
Zenith, Sylvania and Magnavox and the Japanese TV concerns
will bring out their home computers. Then will come the me-
too electronics packagers, with a dazzling array’ of brand
names offering small silly variations.

One problem for the larger organizations is that their deci-
sion processes are perilously slow: since the home computer
market will change drastically every six months, the big slow
companies may never get off the ground. They will be contin-
ually deliberating over how to compete with last month’s
product, and being dumfounded by the next development.
However, some big manufacturers will swallow the little com-
panies that are off to a good start, paying lots of money for
the privilege.

While there will be many more small accessory and soft-
ware houses, it will be much harder for the second generation
to make it big; their best strategy will be to target and special-
ize.

Certainly the maturing markets for dinky computers will
become ever more differentiated. Beginners’ systems, what-
ever the chip, will usually come with Basic and game cassettes.
Office-standard systems will probably become stabilized on
the computer-with-screen, like the SOL, Sphere or Intecolor;
but interchangeability will be an important feature, possibly
favoring S-100 machines. Graphic systems will become pop-
ular among artists and doodlers and playful people, and in-
deed among the well-to-do these may become a sort of ani-
mated decoration. (We will see themturning up all over re-
tail stores, with- sales messages and animated cartoons.)
Literary systems for readers and writers will include disk,
high-capacity display, and high-power text manipulation and
filing programs -- of a type, | believe, that nobody has seen
yet. Baroque and snazzy systems will come out for technical
showoffs: like the computers that have one of every proces-
sor chip, or multiple Z80's: some with lights and switches
by the yard, others with lots of “computerish” lettering,
military styling, futuristic spheroidal boxes and so on. Fin-
ally, perhaps most important, we will see the ‘“nothing is too
good for my kid” configuration, with graphics, extensive
text handling, programmability and large memory; possibly
musical input and output as well. (Kay’s Dynabook, at Xerox
Palo Alto Research Center, is the exemplar of this class -
even though it may never appear commericially.)

As to manner of interconnection, alas, there will be all
too many separate hardware worlds. There will be the ever-
growing S-100 world, of Altair, Imsai and so on. There will
be the nonstandard world. Some individuals will actually
buy high-class hardware out of the professional computer
world, which will be nonstandard as far as the hobby world
is concerned. {In the next two years it is not clear the en-
trenched minicomputer manufacturers can lower their pri-
ces, or adjust their thinking, enough to compete.) Then
there will be the other chip computers, packaged with in-
compatible accessories, such as the Intecolor. Then there
will be the discount packaging world, probably with more
systems of incompatible accessories. The incompatibilities
will be regrettable, but the marketplace will eventually
punish this approach.

There will of course be a variety of other oddly-intercon-
nected computer configurations. Certainly we may soon ex-
pect the TV with built-in computer. We may see the “smart
hi-fi,"”” a multi-room, multi-ttuner, bus-oriented programmable
system. And don’t rule out the computer-in-a-van, with one
monthly payment for both transporation and hobby.

Though it would be a good thing, it is doubtful whether
any later and better chip computer will attain, in the next
two years, the universitality that the 8080 (and the Altair
bus) have enjoyed. We ought to have a 16-bit amateur ma-
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chine, at least one allowing relocatable programs, the LSI-11,
chip Nova and T! 990. But the central position of the 8080
will be hard indeed for another unit to capture.

In the software area, meanwhile, we will go from confu-
sion to chaos: but perhaps after about two years it will be-
gin to straighten out.

Utterly disparate software packages will appear, all pro-
claiming themselves to be Everything You Need. (There is
one advocate of Tiny Basic who says numerical input is
sufficient for “all software”.) Programs will appear em-
bodying the greatest possible variety of viewpoints.

" There are many ways of thinking of software, and in
the hobby world some of them are weirdly simpleminded.
Many hobbists come out of electronics, and insist on think-
ing of a computer as “a collection of switches.” This is
true in the same sense that a human being is “‘a bag of chem-
icals.” But some hobbyists think, on the basis of this im-
pression, that programs are little things, like ten or fifty lines
long; like a binary-to-decimal conversion routine. From that
follows the hobbyists’ mystification by, and in some cases
objection to, the copyrighting of programs.

It would seem peculiar that people who claim to have
compunctions about shoplifting, or the looting of parked
cars, nevertheless proclaim - as some computer hobbyists
do -- that they have a perfect right to violate others’ prop-
erty rights in respect to copyrighted software. But we can
understand this view slightly better if we consider that many
electronics-oriented amateurs think programs are small and
insignificant -- of the level of complexity, say, of a limerick.

Many programs are short and simple. And many enjoyable
computér games run in less than a hundred lines of BASIC.
But tomorrow’s home programs are not going to be just
little programs. The important software of tomorrow will
be immense turnkey systems of programs, comprehensive
and interactive, for a broad spectrum of business and person-
al uses. '

New business systems will wholly reverse the computer
business systems of the past. The business systems of old,
based on batch processing, created strange work procedures:
transactions had to be keypunched and sent into the com-
puter in long trains, to be processed one at a time by the
same program. This created dehumanizing job definitions,
such as keypuncher. Now, however, clerks will be able to
process business paper one piece at a time, in the order of
its arrival, and businessmen will discover themselves in con-
trol of their firms once again. But the programs will be big.

There will also be large-scale programs for gaming and
simulation and animation will likewise be swapped and over-
laid from disk.

The new big software packages will have to do a lot of
storage management - overlays, swapping and housekeeping.
Once such a system is started, it will not need reloading, it
will roll and undulate from one function to another at the
user’s whim, swapping and storing (fail-safe) and displaying
interactively. These features do not come easy; they involve
a lot of programming.

Now not everybody may want or need such extensive ser-
vices. Some hobbyists, indeed, may also enjoy the ritual of
“running separate programs’’ --.toggling in bootstraps and run-
ning in loaders and programs for each new activity, in an ana-
chronistic and playful simulation of batch processing.

But the big and sophisticated software will be to the little
toy programs as War and Peace is to the limerick. The really
good systems will be unique and distinguished, even works of
art. People will devote months and years to their creation, and
they will have considerable commercial value -- being leased to
businesses, say, for hundreds of dollars a month.

Speaking as a prospective supplier of such advanced soft-
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ware, the amateur market tends to interest me not at all. |

‘see little reason to sell to hobbyists, and considerable reason

not to. For the revenue of one well-behaved business custo-
mer, it might be necessary to deal with ten belligerent and dis-
respectful amateurs, some of whom have given notice of their
intention to break any software contract.

In the ordinary computer world, the most emotional issue
is people’s preferences with regard to computing languages;
copyright is accepted as an ordinary part of life. In the ama-
teur world the most emotional issue is that of copyright, with
languages second. My own feelings about copyright are very
strong: copyright is one of the only ways the little guy can get
a leg up - you will excuse me for oversimplifying -- against the
Big Guys and the Bad Guys. | publish my own book, Compu-
ter Lib, and receive a modest income from it. Now if there
were no copyright protection, anyong could print Computer
Lib in Taiwan, and sell it for less than | get, and | would get no
benefit for the years of work I've put into it. But the law of
copyright, a Federal law, says the book is mine, and that
people can only make copies with my permission; | like it like
that, The same law, now, is extended to computer programs
as a form of writing; and the same protection is available to
you, practically free of charge, for the work that you put in on
programming.

Anyone is of course free to give away a program he has
made, since the copyright presumably belongs to him. And
people to whom software means small programs of their own
concoction will be happily giving them away. .

But people who are working on big programs -- programs
involving tens of thousands of lines of code, programs that
take months or years to create, will be very concerned for
their copyright protection. To further this protection, we will
begin to see software disguised as plug-in hardware, software
coming on mystery tapes in unknown formats, software dis-
guised in every possible way. This cloak-and-dagger approach is
quite regrettable, but may be the only way to create an order-
ly market. | think there will be a period during which the good
software, the big and serious systems, are held off the amateur
market and made available only to commercial customers, But
eventually, perhaps at about the end of the next two years, we
will see bargains struck up with well-behaved individual users,
and a system of safeguards hammered out to make an orderly
market possible. These safeguards may even include program-
readable hardware serial numbers, just as used in the bigger
systems, :

Languages. Just as in the big computer world, in the dinky
world we hear hotheaded arguments about programming lan-
guages. Computer people always become very pugnacious
about their favorite. programming languages -- especially if they
only know one or two. But the dinky-world arguments about
language are a travesty on those same arguments in the straight
computer world. The same honors are here attributed to
BASIC that more knowledgeable computer professionals attri-
bute to Algol, or SNOBOL, or PASCAL. (In the hobby world,
one actually hears people with Ph.D.’s, who certainly ought to
know better, arguing very angrily that Basic is the ultimate.)

By two years from now, after a lot of frustrated effort
and experience with big systems shoehorned into little com-
puters, people will have realized that for powerful software we
need good and powerful languages. They will also have found
out that these must be structured languages, in the Dijkstra
sense, which make programming so much more manageable;
and they must be extensible, allowing the rapid creation of
new commands for particular ranges of purpose. This means
that interpretive languages like LOGO, TRAC language®

*TRAC is a registered trade and service mark of Rockford Re-
search, Inc,, Cambridge, Massachusetts.
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and SMALLTALK will assume new importance, as will such
compiling languages as FORTH and “C".

One of the great strengths of the extensible interpretive
languages is the degree to which they simplify big programs.
My colleague William Barus and | recently created an anima-
tion program for the VDM board using TRAC language; the
program is about 16K in size. TRAC is not as easy to learn
as Basic, and for small programs may seem rather clumsy.
But as programs grow larger, its intrinsic orderliness keeps pro-
grams manageable. (The 16K program was written in about
three weeks, and seems to work quite nicely, allowing both
frame-by-frame animation and subpicture overlays.) With un-
structured languages like Basic, programming becomes expon-
entially more difficult as the size of the program grows; with
structured languages, the growth in difficulty seems to be lo-
garithmic.

Basic will remain the language for beginners, unfortunate-
ly; no standard Dijkstra-structured upgrade is presently de-
fined for it, although a “'structured Basic” has been under de-
sign where Basic began, at Dartmouth. (But for those who
want to sell language processors, there is a simple secret; hob-
byists want any language as long as it's called Basic.)

It is a great pity that hobbyists are so insistent on talking
about the physical box of the computer, and so resistant to
learning about the issues and depths of programming languages
- even though all their programming difficulties stem from
these issues and depths. Meeting frequently with computer
hobbyists, it is astonishing, and depressing, how often one
must repeatedly answer such questions as “What is a computer
language, anyway?”’ and “What is structured programming?’’
and ‘| don’t see why it can’t all be done in Basic.” There has
got to be some form of general consciousness-raising in this
area.

“In any case, when the smoke clears, about two years from
now, hobbyists will begin to realize that the more advanced
languages -- at least the ones that fit on the dinkies -- make
programming, much, much easier.

Such languages -- like LOGO and SMALLTALK and
TRAC Language -- will gradually assume primacy. But we may
hope that their being “advanced’’ languages will not make peo-
ple think they are unsuited to beginners. On the contrary,
structured extensible languages are the right way to learn pro-
gramming. For instance, at MIT’s LOGO project, they tried
teaching programming to kids two ways: with BASIC and with
LOGO. After a few weeks, | have been told, the kids who had
started on LOGO were hopelessly far ahead, and, it is said, did
not want to speak to the BASIC-trained kids because they
thought the latter so ignorant and incapable.

No one who is really interested in computing languages
would claim that the “‘ultimate’’ language exists; but there is
a new generation of languages shaping up now, the ‘“‘actor’’
and ““agent” languages, whose proponents expect them to be
as far ahead of LOGO, TRAC Language and SMALLTALK
as these are ahead of Basic. Which of these advanced languages
will fit on little machines is another question.

The merchandising of little computers'will gradually break
out into a number of separate sales appraches, much like the
merchandising of anything else. The mass-market computer
will of course be sold by the corner electronics discount house,
in a fancy package. You’ll get the instruction book and an im-
patient rundown, but no personal help. In the box you'll find
the computer, an instruction book, warranty card, and list of
repair centers. Perhaps also one free game cassette.

This mass-market apprach will probably go two ways:
toward the non-compatible, as with the Fairchild, computer-
game tapes, which will be a dead end; and toward compatibil-
ity, as with systems offering Basic and a standard cassette
interface.
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For more serious users, and for the S-100 world, the
computer stores will continue; but they will become a cross
between the hi-fi store, camera rental house and laundromat.

A viable take-home rental market will develop, presuma-
bly as a part of the computer stores. There you will be able to
rent simple standard units (as you might rent a standard car),
or, later, more esoteric units (in the way that professional
motion-picture equipment is rented).

Repair set-ups will blossom. There may appear franchised
computer-repair chains, similar to the automobile-transmission
repair centers, But these will be walk-in centers; cheap compu-
ters will not be eligible for house calls. (Many computer-center
people, who are used to repairmen coming /n, cannot visualize
throwing the computer on the front seat of the car and driving
it to a repair center, as you do with an amplifier. But that's
how it’ll be.)

The amateur used-computer market will come into full
swing. We will see the more fanatical hobbyists buying not
just used Altairs but commercial minis and old “’big’’ machines
-- real 360s and 7090s -- and real antiques and fond replicas,
such as Eniac and TX-2. (We may yet see a fully-loaded Imsai
go for more than a small 360, just the way in 1974 you saw
small used cars selling for more than big ones.)

A variety of personal services will appear, probably in
conjuntion with the expanded computer store. Such services
will include program storage and printout; soon, time-sharing
parlors, having clusters of terminals which may be rented by
the hour. (This is the laundromat analogy -- renting a terminal
by the hour is not unlike renting a washing machine.) In the
next two years, we should see services grow from the simple
ones to a dazzling variety of new ones, such as advanced text
services and retrieval, digital music synthesis and movie-mak-
ing, and great libraries you can reach through your home
screen, _

The prospect of great on-line libraries raises great questions
about truth and freedom -- for which there is no room in the
present talk, but about which much more will be heard.

| have elsewhere predicted that there will be ten million
computers in American homes by 1980. This may be a consid-
erable underestimate, in the light of American consumer con-
tagion. It will not be long, in my opinion, before the home
computer field becomes most of the computer field in abso-
lute dollar volume. This will take longer than two years. But
| would predict a hundred dollars per capita per year within
a decade. '

Pretty good so far, right? But I'm afraid it will not be all
sweetness and light. We can expect the dinky revolution to
have a convulsive effect on the computer industry, and on the
society as well. First let us consider the industry.

IBM will be in disarray. Fine-tuned to a captive market
having certain kinds of submissiveness, it is hard to suppose
that their kind of sales, let alone their kind of computer
product, will give them a ready entrance to the kinds of
markets now opening. (Supposedly as a personal computer,
they will push the 56100, actually a 360 in disguise; but they
will probably not know what to do if someone puts out the
S-100 adapter for the 5100, effectively offering a 360 with
Altair accessories.) The jolt to IBM's product line of all these
developments will be considerable. A loss of revenue for
IBM, or at the very least a slowing of its growth rate, seems to
me inevitable, This could be traumatic to the stock market and
to other true believers,

* See T. Nelson, “Personal Digital Services,” IEEE Computer
Magazine, March 1977, and “'Design of a Transcendental
Literary Network,” to appear in proceedings of the 1977
National Computer Conference.
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Most of commercial time-sharing will be down the drain,
being priced at the top-managerial level but only usable by
technicians.

Organizations will be in internal turmoil, as they see kids
doing with computers what their programming teams can't.
And as the new availabilitites reverberate, many internal goals
and budgets will be shot to hell.

There will be mass layoffs in programming staffs, and
this will be only a beginning. The skills involved in program-
ming are comparable to those involved in automobile mechan-
ics, and as the number of capable individuals increases, the pay
levels will go down, because systems will need less and less
tinkering to be made to do what you want. It will gradually be
revealed that most programming has been make-work around
ill-designed systems.

Between laymen and the old-style computer people there
will be a lot of questions asked. “Why weren’t computers easy
to use before? Why couldn’t | have had this sooner?”’ These
are not pleasant questions to answer.

For computer professionals will be the last to see this com-
ing. Professional programmers have lived in a world of account
numbers and job submissions, core declarations and runs
aborted by the operating system -- silly complications that eva-
porate as soon as everybody has his own computer. Theirs is
an awkward and inhospitable world that bears as much rela-
tion to the real nature of computers as a string of frankfurters
bears to a living cow. The “Nature of the Computer,” for
many who have worked with it, has really been the system of
bizarre bureaucratic project management under conditions of
monopolistic mystification. And so it may come to be revealed
that the people who have worked with computers most have
understood them least.

In some areas of the society there will be pandemonium, as
the personal lives of a vast number of people - especially
computer people, who thought change w satheir friend -- are
uprooted and retrenched. These more general effects are hard-
est to predict. | suspect that the main public reaction to little
computers will be a mixture of delight and anger - delight at
the new fun and facilitation, anger that computers were ever
allowed to create the harm and inconvenience that they have
till now,

Here is the final surprise. We the computer folk are not go- .

ing to be converting the non-computer world to be like us, as
some of you may have been hoping. Quite the contrary. We
are going to be repudiating the computer past, resolving not
to push people around any more, and finding out how to make
computers easy and helpful to everybody.

MUSINGS

The future use of computers is, and should long ago have
been, personal. Misled and perhaps occasionally malicious,
the industry has ignored this as a possibility for thirty years;
computers have been held back from a personal market for
perhaps thirteen. But the movement cannot now be stopped.

Why has individual computer use been so retarded? Partly
because of the nature of our society, and partly because of the
trickery by which computers have been sold: not because of
the nature of the beasties themselves.

For instance, | believe that the point of the 360 computer
was to lock out the other manufacturers, especially those of
minicomputers, and postpone highly interactive systems -- the
kind of computers uses that would be good for, among other
things, personal use, The 360 drastically postponed personal
usability. And in an unholy alliance with the big manufactur-
er, the computer centers long ago became entrenched power
units especially concerned with preventing maverick applica-
tions, and with preventing any other departments - let alone
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individuals -- from getting a computer. Underhanded methods
have been used, it is sometimes said, to get rid of people who
advocated interactive systems. The computer field was struc-
tured to lock out both the interactive applications and the -
people who wanted them, or might have.

Now the computer centers are on the defensive, publishing
articles saying there is sti/l a place for the centralized compu-
ter facility. They may be right, but they have an increasing
burden of proof. As dinky computers and interactive styles
of use take over more and more, little sympathy is due to
those who strove to hold them back.

But let us lift our eyes from the past, from the limitations
and trappings of how you’ve had to do it. Rather than being
obsessed with the styles of computers as they have been used,
we need to consider, and design, the environments that we
really want. | call this the Higher Virtuality. By virtuality |
mean the effective environment we create with the computer,
as distinct from the computer's “reality”, the physical parts
and program techniques that make things come out that way.
The higher virtuality, then, is the computer environment we
should strive to create. It is hard to make the choices and de-
signs that this entails.

The virtuality that calls to us now, | think, is the new world
of highly interactive systems. Cursors and panels, lightbuttons
and menuplexes, maps and graphs and fast-changing screen lay-
outs, are the pieces from which we will construct our new ex-
perience-spaces. Now, we tend to think of highly interactive
computer systems -- for text editing or retrieval or movie-mak-
ing or whatever -- as the ones with fancyscreens and light-pens.
But this brings up an interesting general point. The fancier
super hardware isn‘t as important as the imaginative and artis-
tic use of whatever we have,

Let's consider just the problem of pointing at things and
controlling what’s on the screen. Most of us don’t have a
light-pen or Englebart mouse on our home computers; but if
we are clever we can make systems highly interactive even
if we just use keyboards. We can zip cursors around with the
keys to select from menus. We can even whiz between envir-
onments. Suppose ‘the interactive program can change the
meanings of the separate keys dynamically: at one instant,
specific keys can be arrow keys, to move a cursor about the
screen; at another instant, they can type musical notes, or
special picture-symbols; or anything.

This is not an unimportant matter. Some of the snazziest
research setups have highly interactive keyboards of this type.
Bitzer's PLATO system, for instance -- a large special-purpose
graphics time-sharing network run out of the University of
Illinois. The main program can react to every key-press, and
the keys can be automatically redefined under program con-
trol. The letter ‘D’ on the keyboard can be an arrow when
pressed at one instant, create a whole picture of a dog when
pressed in the next. This feature makes PLATO one of the
most dramatic introductions to interactive computer graphics.
Kay’s Dynabook system, at Xerox, likewise allows a key-by-
key dynamic reaction to what the user does. There is even a
research setup with a “phantom keyboard” -- its keytops have
colored changing labels that you can read right through your
fingertips. (This is done with a color video display and a semi-
silvered mirror.)

Such dynamic keyboard capabilities, together with our
screens, make highly interactive systems easy and exciting to
create, (It is regrettable that most if not all IBM systems do
not allow this dynamic key-by-key redefinability. IBM sys-
tems will not ordinarily respond to single arbitrary key presses;
you have to hit either the Carriage Return or an ““Attention”
button to make the systems respond. Again, the interdiction
of highly interactive systems. Was this malicious design?)

This key-by-key arbitrary response leads us, as do many
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other paths, to the real question. Given that we can make
each key have any effect, then what? How should our systems
behave? How do we make the interactive system make sense?

On the interactive screen we deal with a special new virtu-
ality: architecture in virtual space, where anything can happen
based on anything you do. The space has to be invented. This
architecture of conceptual space, this conceptual architecture
of screen-space -- is a new realm where we are combining feel-
ings and effects, as in a movie, and the need to be clear, as on
a map.

The problem really becomes, | think, giving the system
conceptual unity, which is just a more general example of the
problem of giving conceptual unity to the interactive key-
board. How do we give the key assignments, and how do we
give the larger system, conceptual unity? “Conceptual unity”’
is an extremely pliable concept. What many programmers
think is conceptual unity, clear and simple, is not necessarily
conceptual unity to the non-computer people.

The problem is very like architecture. Now, I’'m no archi-
tect, but | have spent some time in buildings -- indeed lived in
them! -- and | think there are several clear criteria for what
makes buildings good. It’s nice for them to look good, sure.
It's nice for them to have good cost ratios for their builders.
BUT | submit that one of the most desirable things about
good buildings is for people to be able to get from place to
place simply, and know where they are. _

| recently taught at a great urban campus filled with grand
pretentious buildings. The architect game no mind to helping
people find their way around. The buildings looked very Fu-
turistic, but were incredibly confusing and inconvenient.

One evening, in the depths of one of the incomprehensible
buildings, | had to mail a letter and make sure it went out in
the morning. | went to the mailbox on the main floor, and
there was a sign on it saying that after hours one was to use
the mailbox on the first floor. (This was my first inkling that
| was not already on the first floor.) Diagonally to my right
was an elevator, | stepped in, pressed 1", and prepared to
retrace my steps, walking diagonally back to my left to the
first floor mailbox.

| was faced.with a cinder-block wall.

I walked around to the right, then finally found a back cor-
ridor going in the direction the mailbox should have been in.
But now there was a succession of cinder-block cubicles and
rooms. In none did | see the mailbox.

Eventually | was able to find the mailbox by a system of
triangulation. By counting paces, and making a map marked
with paces marked and a combination of ninety-degree angles
(of which the architect was fond), at last | found the mailbox
in one of the rooms of the cinderblock environment,

Here is an example where an architecture of real space was
created with no concern for personal clarity or orientation.

The problem is the same for creating interactive systems,
Creating interactive systems, and their virtual spaces, should be
an art. And the real kicker, | believe, is this: all computer sys-
tems should be highly interactive.

The confusions and oppressions of yesterday’s computer
systems vanish where the user can see his alternative on a
screen, get quick explanations, see maps of what he is doing,
and get all the other helps that the interactive screens can pro-
vide. This means the continuing oppressions of yesterday’s
computer systems -- even today’s -- are the opposite of the
way computers ought to have been used all along.

We shall see. Time, and the marketplace, will decide. When
people get to use interactive systems, they will be much less
interested in either manual methods or batch.

But the central concern of highly interactive systems will be
making things clear and simple. Now, making things clear and
simple and easy to us is, I’m afraid, the opposite of what some
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computer people, perhaps some of you, want to do. So in an
important sense, it is not the laymen who have to learn Com-
puterese; in the greater sense, WE MUST ALL LEARN COM—
PUTER EASE.

The next two years will wreak extraordinary changes, and
we will ““computerize’ society for fair, But it may not be
what you computer-smart people expect.

What some of you have been considering ‘“the new era’’ of
home computers may correspond to the tin-can and crystal
era of radio; and the convivial hobby you are part of right now
may vanish like the crowd that welcomed Lindberg at Orly.
They don’t come out to meet the planes anymore. Today'’s
summer-camp camaraderie won’t last forever, and the compu-
ter will probably become a home appliance, as glamorous as
a canopener, within a couple of short years.

What then is there left to believe in. . .? To hope for. . .?

I suggest that we look to simplicity and clarity (to make
people’s lives easier) and to truth and freedom, for their own
sake.

Thank you.

BIO: TED NELSON

Ted Nelson holds degrees in philosophy from Swarthmore
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his father is film director Ralph Nelson, perhaps best known
for “Lilies of the Field” and ““Charly.”

Nobody is quite sure whether Ted’s most recently an-
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AN INTRODUCTION TO COMPUTING TO ALLOW YOU TO APPEAR INTELLIGENT AT THE FAIRE

James S. White
1202 Riverview Lane
Watertown Wi 53094

ABSTRACT

The following is an introduction to computing and
presumes no prior technical knowledge. The purpose
of this discussion is fo provide the novice enough
basic knowledge so he or she can learn from, and
enjoy, other Faire activities. This presentation
includes some very basic, non-technical ideas about
computers, especially home microcomputers, their
characteristics and construction, and how you can
choose and use your own home computer. Finally, some
of the types of computers exhibited at this Faire
are discussed.

INTRODUCT I ON

Welcome to home computing! The great interest
in this Faire dramatically demonstrates that the
time has arrived for a computer in the house of
everyone who wants.

During the past few years, expensive, complex
computers in industry and commerce have helped_you
by cutting costs and raising the quality of many
products and services you use. Now, computers have
been designed for home use and their prices have
been drastically cut. Personal computers are
available, here, today, at prices similar to other
major household purchases.

Thousands of Americans are enjoying their own
computers now. You can select a computer for your

home, a computer that will be easy for you to use,
even if you have no technical experience. That's
what this presentation and this Faire are all about-

learning how you can benefit from your own computer.

Learning about computers can be a |ifttle confusing
because many different kinds of things are sometimes
called computers. A computer can not be consistently
identified by its size, appearance, construction, or
use. None of these features are characteristics of
computers in general. Computers are electronic
devices built according to certain technical rules,
which we won't discuss here.

However, all types of computers do have some
common characteristics that make them different and
much more powerful and helpful than many other
things we use. We will discuss some common charac-
teristics of today's popular types of home computers,
characteristics that are important to computer users
and that make computers especially helpful to us.

COMPUTERS ARE TOOLS

We use tools to extend our capabilities and to
multiply our natural powers. We use tools fo help
us do things we can't alone, or so we can do jobs
easier, quicker, or better than we can alone.
Computers help us in all these ways.

MENTAL TOOLS

Computers help our minds.
muscles, as most tools do, computers multiply
intellectual power and capabilities. Computers
are extensions of our minds. Computers are tools we
can use for greatly increased mental achievement and
enjoyment. Because our mental activities are much
less limited in potential benefits than our physical
activities, the helping potential of computers is
much greater than the potential of other tools.

Rather than helping
our
our

PROGRAMMABLE TOOLS

Computers follow people's
nothing unless instructed to do so. Computers are
useful as extensions of our minds primarily because
they faithfully do just as we instruct. Your com-
puter will follow your instructions. Your computer's
ability to follow a complex set of instructions and
thus do just what you specify gives it power far
beyond any other kind of tool. We don't know the
limits of the ultimate potential of computérs
because we don't know the limits of the ultimate
potential of men and women.

instructions and do

If you examine a computer in detail, you see
that it recognizes only a few instructions that can
do only certain limited things. These instructions
allow a computer to, for example:

1. Perform mathematical calculations

2. Store a large amount of information, and

select a particular piece of information to
meet a specific need

3. Evaluate a vast number of alternatives to

determine the best solution to a question,

even a question unrelated to mathematics.
However, the instructions a computer recognizes are
so powerful and so varied that a person can combine
them to instruct his computer to do almost anything
as an end result.

A set of instructions you give to your computer
is a program. When you instruct your computer, you
are programming it.

A computer's program can be changed easily and
quickly. A complete program can be changed in as
little as a fraction of a second. However, the work
or play of composing a program the first time
usually takes a person several hours or longer.

CONTROL TOOLS

Computers can help us by controlling other tools
and machines. A computer can cause a much larger
tool to do something in a certain way and at certain
times, as programmed. This capability extends the
power of a computer far beyond the things it can do
directly.

Our minds are control devices which control our
muscles. We thereby control the most powerful of
machines and many natural events. Computers are
devices which control electricity, and thereby can
control the most powerful of machines,the generation
and use of power, and many natural events.

So, although computers function intellectually,
their direct benefits extend far beyond the intel-
lectual. By helping us to "work smarter", computers
can be a way to physical accomplishment that is
better than just working harder.

MACHINE (TOOL)

A computer is a machine. A machine is generally
a tool that can operate by itself, doing a desired
job, without always needing the personal control or
constant attention of a person. A computer can
follow its assigned program with Iittle or no need
for the further assistance of a person.

A machine used in a home is generally called an
appliance. A computer can be a home appliance, a
machine that can continue working to help us while
we do things that are more useful or enjoyable.

VERSATILE TOOLS

Computers can be extremely versatile. One
computer can do, and be, many different things. A
computer's versatility results from two other char-
acteristics. The first is a computer's previously
discussed programmability, the fact that you may
instruct your computer to do whatever you want.

The second reason a computer is versatile is that
it is a system. A system consists of various parts,
each doing its own job. All of .a system's parts
operate together, supporting each other as do the
various organs in our body.

A computer can be composed of a few or many
different types of parts; each can have widely
varying characteristics. The parts you choose to
assemble your computer are those parts that together
will give the resultant system the capabilities to
best do what you want it to do, at a price you can
afford. You can change these parts as you want your
computer's capabilities to change.

The wide range of possible computer character-
istics also results from the fact that a computer,
as a control device, is often combined with other
devices. A large variety of devices may be combined
so the resulting system can have a wide variety of
characteristics. A computer generally remains the
key part of the resulting combination, so all these
types of systems are often called computers.

Computers are so versatile that a computer can
do, or control, any rational or mechanical process,
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activity, or happening. What a computer can do is
essentially limited only by the skill andimagination
of the person(s) who build and program the computer.
A particular computer must be equipped with the
power and accessories appropriate for the job it

will do. Power usually isn't a serious constraint;
a computer that is half as powerful may just take
twice as long to do a given job. Even computer

accessories are usually versatile, and many can be
used for a wide variety of different kinds of jobs.

PRECISE TOOLS

Computers can be perfect. A properly programmed
and operated computer makes so few errors in end
results that a computer mistake may never occur
during years of doing a particular job. Computers
do occasionally make mistakes, typically one in many
millions of operations. However, computers can, and
many do, check ftheir own work so that a mistake is
not given to a human user.

Most "computer mistakes" occur because computers
do exactly as they are instructed. Many people find
it difficult to give exactly correct instructions to
handle complex problems. The computer that follows

incorrect instructions will produce an incorrect
result, and is often incorrectly blamed.
FAST TOOLS

Computers are extremely fast. A typical home
computer can do 500,000 of its basic operations per
second. Home computers often move information as
fast as physically possible--at the speed of |ight.

This great speed also gives computers great
power. Because computers are so fast, they are very
useful even for those jobs that they can't do effi-
ciently. Computers just go ahead in their roundabout
way, doing many, many operations to provide a useful
result. A typical computer that must do a million
operations to complete a particular job may be done
in two seconds, which is often sooner than any
alternative.

How powerful are computers? A computer can be
a million times as powerful as a man. That's almost
beyond comprehension, so let's consider an example.

The great pyramid of Egypt is generally accepted
as the world's most costly single structure, in
terms of man years. According to the most commonly
accepted estimates, 100,000 men worked 20 years. I'n
total, two million man years was required to do this
job.

Building pyramids is out of style today. Our
world is oriented fowards numbers, such as dollars.
So let's think about two million man years of working
with numbers or calculations.

The first common home computers were delivered
about two years ago. One of these computers, working
for these two years, could have done calculations
that would take one million men working with pencil
and paper 24 hours per day, 365 days per year, for 2
years. You can buy such a computer here, today, or
one much faster.

PERSONAL TOOLS

Despite their great power, computers can be
personal tools. You can select your own computer tfo
help you, and fo expand your own capabilities. More
than 10,000 Americans have their own computers; many
are here today for you to meet and learn from. More
than 100,000 Americans are using computers as
personal tools, to make their work easier and their
play more fun.

We should consider a couple of philosophical
points here. Despite its great power, a computer
can no more do anything by itself than can any other
machine. Computers are constructed, and instructed,
by man, as tools. A computer is and does only what
it is made to be and do by man.

Further, as we plan fo use computers, we should
consider their strong and weak points, just as we do
for other ftools. For some tasks, computers can be a

million times as powerful as man. |In other of the
many ways we can use computers, they will be much
less than a million times as powerful as we are’
alone. o

A COMPUTER IS:
Having reviewed outstanding characteristics of
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computers as they appear to users, we are now ready
for a glimpse of some technical details. We have
come to a fundamental question: What is a computer?

A computer is a programmable electronic data
processing system. Computers have been called many
other names, but this definition gives us a good
start towards understanding computers technically.
We'll consider the significant meaning of each word,
except "programmable and "system", which are
discussed elsewhere.

Because a home computer Is electronic, it Is
powered by electricity, generally from a 110 volt
wall outlet, just as other electronic appliances
are. Computers are solid-state electronic, so need
relatively little power and are not likely to wear
out soon or to need many repairs. Many parts of a
computer are less Ilikely to fail after they have,
been used for several months or years than when they
are new. However, computers are very complex and
some parts are not solid-state, so the availability
of repairs should be considered when selecting a
computer.

A computer works with data, or
characteristic is similar tfo the fact that our minds
work with ideas, rather than the physical things our
bodies work with. However, as previously mentioned,
a computer can control almost any physical activity.

~ The data a computer works with must be objective
and precisely expressed. Computers can't work with
feelings or subjective ideas unless they are
expressed objectively. Neither computer data nor
computer results are ambiguous, despite the fact
that their meanings aren't always obvious to all
people.

All computer data is expressed in a very simple
numeric code. Knowledge of this coding is necessary
for the user who wants to understand the internal
operations of a computer. However, a computer can
translate its codes into words or numbers that you
are familiar with, so computer codes need not be of
concern to you. You can use computers here today
without consciously learning any codes.

A computer processes data. Processing means
changing, generally into a more useful form. A

information. This

computer changes data it has been given info data
that is more useful, or more fun, for its individual
user. The processing a computer does is whatever

its program directs it to do.
M1CROCOMPUTERS

The type of computer generally used
called a microcomputer.
today are microcomputers.

A microcomputer is a computer that is small in
size and price. A microcomputer need not be small
in power or capability. There is no exact definition
that precisely distinguishes microcomputers from
other types of computers, just as there is no
commonly accepted rule that distinguishes a micro-
skirt. from a skirt. This paper discusses computers
in general and emphasizes the characteristics of
home microcomputers.

in homes is
Most of the computers here

A COMPUTER'S PARTS

In addition to having certain characteristics in
common, most home computers have certain types of
parts in common. Next listed are some of the types
of parts which are usually combined to form home
computers and the computers here today.

INPUT
To start a computer working
program and data.
computer is called
you use are called

you give it a
Communicating these things to a
inputting. The computer parts
input devices.

You often communicate to a home computer in ways
similar to some you use to communicate information
and instructions to people. You can communicate to
a computer by pressing keys, or buttons, on a key-
board that is very similar to that of an electric
typewriter. Some lower cost computers have keyboards
that are much like the keyboard of an electric cal-
culator. All computer keys are electrical switches.

Other types of switches used for computer input
are similar to the on-off light switches in your
home. Computers with many switches of this type are
best suited for the user who wants fto know much
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about computers and work with them in intfimate detai
detail.

A variety of other types of input devices are
used with home computers. Some computers can
understand spoken words, but this capability

yet common for home computers.

is not

PROCESSOR

The key part of a computer is a processor. A
processor is a group of electronic circuits which
actually performs the calculating and the logic
operations comprising a program. A processor per-
forms the same functions for a computer that a brain
(less its memory function) does for an animal.

The processor of a microcomputer is a micro-
processor. This is a small electronic component,
one kind of the wide variety of components called

chips. A microprocessor is a small form of a
processor. Microprocessors are widely used as
control devices, in many kinds of machines besides

microcomputers.

You may hear a microprocessor called a micro-
computer or a processor called a computer. However,
there are critical differences for the user.

A processor is a control element, a part of a
machine that directs, by following a program, the
rest of the machine to do whatever it is supposed to
do. A microprocessor can be part of a calculator,
part of a microwave oven, or part of a sewing
machine. In none of these uses is a microprocessor
a computer. Nor is the calculator or the microwave
oven a computer just because it is controlled by a
microprocessor.

A computer, or a microcomputer, is a complete
machine, including all the parts and accessories
needed to do whatever it is used for. A computer
can operate entirely on its own, needing only a
source of energy and, at the start, directions from
a person. A computer is built so you can input
your instructions to it, and so it can communicate
the results of its processing to you.

MEMORY

A computer uses parts called memory to store, or
remember, the programs and data that have been input
and the results that have been computed. Some of
the parts that perform the memory function are chips,
similar to microprocessor chips. In many computers,
memory chips are physically part of the processor.

A home computer can also remember information by
storing it on a magnetic tape cassette, such as the
type you use on a cassette recorder to record, and
thus remember, music or words. A cassette recorder
can also be an input device because you can use it to
read inftfo your computer programs that other people
have written and recorded on their computers.

Another type of home computer memory device is a
relatively expensive and powerful device called a
floppy disc drive. This is a recording and playback
device that uses a rapidly spinning disc about the
size of a phonograph record.

OUTPUT
The final common
is an output device,

functional part of a computer
which a computer uses to
communicate to you. The most common home compufer
output device is one you are quite familiar with--a
TV screen, on which the computer displays words,
numbers, and sometimes pictures. This screen can
be that of a standard home TV, or of a specially
designed device.

Computers can also display their output by using
lights that form numbers and letters, as do the out-
put lights on an electronic calculator. Computers
can also use individual lights that are either off
or on, and thus communicate to you the status of
various processes and coded data. Computers can
also communicate to you by printing on paper and,
less commonly today, by "speaking" words.

INTERFACE

Many computers have several groups of electronic
components, called interfaces, to allow the computer
to communicate with devices not normally compatible
with the computer. An interface is ‘like a translator
You can, for example, buy an interface so your home
computer can display data on a TV set you now have.
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Often some
computer,
output,

interfaces are built as part of a
while interfaces for less common input
and memory devices are options.

POWER SUPPLY

Computers have one other part which the potential
buyer should consider. A computer uses electrical
power, but of a low voltage, similar to that used by
electronic calculators and similar devices. This low
voltage is supplied by a group of electronic compo-
nents called a power supply. This has the same
function as the group of components called an "AC
adaptor" when used to supply power to devices which
normally use batteries.

A power supply is sometimes
dard part of a computer,

included as a stan-
is sometimes an extra cost
item, and is sometimes not even available from some
vendors. Also, a large microcomputer system with

many accessories needs a more powerful supply than a

small system, and perhaps more power than can be
supplied by a computer as sold. Check before you
buy.

PROGRAMS

A program is not usually considered a part of a
computer because it doesn't exist physically, just
as an idea doesn't. Programs are often called soft-
ware, while the physically existant computer and
accessories are called hardware. Software is
essential to the use of a computer, and some types
of programs are commonly purchased with the computer
or as accessories., The availability of sofftware
should be a key computer selection factor for most
potential users.

The most important type of program generally
furnished by a computer manufacturer is a language
translator. This program translates between your
English language and the computer's machine language
so your computer can understand the programs of
instructions you communicate to it. This translator
program may be called an interpreter, an assembler,
or a compiler.

The most common English~like language used to
program home computers is called BASIC. This is one
of several languages, called high level languages,
that are easy for casual programmers to use. BASIC
interpreters are available for many computers. For
some computers, more than one BASIC interpreter is
available. Different BASIC interpreters vary in the
number and the power of the instruction words they
recognize and in the accessories and capabilities
they require of the computers on which they operate.

Lower cost computers have no language translator
programs, so you must communicate with them in
machine language. Although such communication is
educational for the user who wishes fto understand
how a computer works in detail, it isn't in an easy
language for a person to use.

The other major category of home computer programs
includes those that give a computer the capability
to do whatever its owner wants. Some sources of
programs of this type include:

1. The manufacturer and vendor of your computer

2. Other vendors, including many at this Faire

3. Program libraries, which loan or give copies

of programs, at little or no charge

4. Friends and computer club acquaintances

5. Your own ideas--this is the type of program

you can write yourself.

Although some programs will be easy for you to
write, others cculd take several months of hard work
A discussion of the many factors affecting program
procurement decisions and the decisions of which
programs you should write yourself is beyond the
scope of this paper. A brief summary is that there
are many ways you can get programs and many unex-
pected options and decision factors that may be
involved. The availability of programs for doing
specific jobs certainly can be a major computer
selection decision factor.

USES OF HOME COMPUTERS

Having now covered the technical characteristics
of computers, we are ready to consider some of the
things they can do for us. Even though many people
understand the immense potential computers have for
helping in our homes, they still ask: What are home
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computers used for today? This is a reasonable
question, and probably the-most common one for a
home computing newcomer. The answer is: Mostly for
fun.

Although computers have proven that they have
many other potential uses, the reason relatively few
people are using computers for serious purposes is
that most people can't seem to quit playing with
their computer. | see nothing wrong with that. Work
for many people, should be done at work. Those who
can spend most of their time at home for enjoyment
seem to have achieved an important measure of |ife's
success.

The most common type of home computer owner
today is the builder, a craftsman or craftswoman.
For these many people, understanding, building, or
otherwise developing computers is an end in itself.
These computer hobbyists are similar to the painter
or woodworker whose enjoyment comes from creating,
rather than using or possessing.

Computers are the world's most pliable media--
you can make more things of a computer than you can
make of clay, paint,or wood. Creating with computers
can be extremely challenging, and success extremely
rewarding, because the potential for creativity,
mental and physical, is almost infinife.

Other people enjoy using computers for playing

games. When used for games, computers are often
somewhat like TV games, today's hottest comsumer
item. Unlike foday's common games, which are very

limited and rather quickly become boring,the variety
of computer games can be almost infinite.

People wifth home computers can keep getting new
games, sometimes for less than $1 each. Better yet,
they can design and use games they create themselves,
And these aren't just bouncing ball games. Home
computer owners program and use their computers to
play cards, space war, chess, and many other games.
The really fun games are ones you never heard of
because they can only be played with the help of the
immense power of a computer.

But computers can be very practically useful, as
proven by their use in, and great benefifs to,almost
all of commerce, industry, and medicine. Easily
affordable home computers can be at least as power-
ful as many of those that are doing thousands of
different jobs in business today.

Families use computers in home offices to keep
records and to handle accounting chores. Some also
plan stock and commodity futures buying and selling.
Home businessmen use computers in many occupations.

Computers control heat and other environmental
factors so an entire building, such as & home, is
more comfortable and so energy is used more effi-
ciently. Home security is another service, meeting
an unfortunately increasing need, that computers are
being developed to help supply.

‘Education is another of today's uses of home
computers. As educational tools, computers are
helping to teach subjects ranging from first grade
addition to financial and engineering math, and a
wide range of other subjects. Also, many people are
using computers to teach themselves about computing,
a field with considerable employment potential. In
addition to vocational benefits, learning about
computers is both enjoyable and practical because of
the rapidly increasing role computers are coming to
play in the everyday lives of each of us.

Many computer owners have talked of the great
potential of computers for keeping track of kitchen
supplies, planning menus and recipes, and for many
similar household chores. For some reason, these
uses seem fto be |ike most household chores the Amer-
ican man is asked to do. They end up in a "tomorrow,
dear" category, even though their long range benefift
can include considerable work savings.

Returning to fun applications, computers are used
to catalog and control the playing of musical
recordings. Compufers are also used to make music.
There is even a magazine devoted to the topic of
computer music.

Electronic hobbies are another home computer
application. ~ When electric train layouts are so
complex that father and son together can't control
them, computers keep the home railroad running
smoothly. Some amateur radio hams make extensive
use of computers in their hobby and have generally
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been the pioneers in home computing.

The list of what computers can do, of what you
can do with your computer, can go on and on. . Aside
from hopefully giving you some more reasons for
getting involved in computing,the preceding examples
of computer uses should further support the idea
that a computer can do almost anything.

HOME COMPUTERS TODAY

But a computer in your home? Lots of people have
computers in their homes already. As you go to some
of the more advanced sessions ftoday and tomorrow,
and as you go around the exhibit hall, talk fo some
of the other people there. Many of these people have
computers in their homes. They can tell you what it

is like.
But keep in mind that these people are the
pioneers. They didn't have to cut down logs with an

axe to build their own cabin.
done as much pioneering
done the hard work.

But some of them have
in other ways. They have
You can buy a prefabricated,
ready built computer, ready to move in. However,
there is plenty of wilderness left in computing. If
you want to be a pioneer, there are many opportuni-
ties for you to go ahead into the unknown and
develop fechniques and products. And there are lots
of people who will follow and much appreciate any
real discoveries or progress you make.

This is one of the choices you can make as you
look at the computers here today, and as you decide
how you will become involved in computing. You can
buy the equivalent of 40 acres of wilderness, or a
prefab in a subdivision, or many things in between.
You can totally design and build your own computer.
Or you can get one that you can plug in and have
start immediately fo work for you. There are many
available options between these extremes. Your home
computer can be what you want it to be.

ELEMENTARY COMPUTERS

You can get a very basic type of computer. This
will be relatively inexpensive, costing between $100
and $250, generally less power supply. It won't
have a fancy cover, and probably will have no cover
at all. All the parts of this type of computer may
be on one piece of plastic-like material called a
printed circuit board, or just "board" or "card".

You will have to do lofs of detailed work fo
program and use such a computer, especially because
programming generally must be done in machine lan-
guage. The power of this type of computer is
limited--you can't easily add many accessories,
can you easily connect such a computer to other
devices to control them.

This ftype of computer is a good training device,
an educational tool. The lack of fancy accessories
means that you work directly with your computer,with

nor

little inftferference. Therefore, you can learn, by
doing, much about the details of how a computer wo
works.

EASY-TO-USE COMPUTERS

Some people don't want to work closely with a
computer. They would rather have their computer
follow their general instructions. Such people
aren't especially interested in knowing the details
of how a computer works. They would rather learn how
to use a computer to solve a particular type of
problem, control a particular process, or help them
in a field unrelated to computing.

Computers designed for this type of user are
available. One key characteristic of this type of
computer is that you program it by using a high
level language. As we discussed earlier, a high
level language is easy for people to use.

These computers are generally built on several
printed circuit boards which plug intfo guides and
connectors mounted on the computer frame. Computer
capabilities are changed by plugging new boards into
appropriate spaces, as long as there is room avail-
able. For some computers of this type, especially
"Altair bus conpatible"™ or "S-100 bus" computers,
many accessories are avaiable that can be added.
For other types of computers, only a few accesso-
ries are available. Consider what you may need and
want. .
Prices of computers in this category generally




FIRST COMPUTER FAIRE PROCEEDINGS

start at about $500. A system with enough power and

accessories to use a high level language may cost
$1000. The price of a full system, such as might be
used for a business application, can easily reach
$5000.

KITS?

Another primary choice when selecting your home
computer is whether to purchase a kit of parts, or
an already assembled computer. "A kit, like the
traditional model airplane, requires your work and
time to put it together. A computer kit often takes
from 50 to 200 hours to assemble; accessory kits
generally require less time. Time requirements vary
depending on your skill, the ease of assembly of the
kit, and your luck in (not) encountering problems
which can take many hours to diagnose and repair.

The major benefit of a kit is that it saves
money. An assembled computing product generally
costs from 30% to 50% more than a kit. Another ben-
efit of a kit is the experience that assembly gives.
However, the person who has so little experience
that he would benefit probably would encounter con-
siderable problem in assembling a working computer.

Most computing kits require skill and knowledge
in electronics work, sometimes a considerable amount

‘The decision whether to build a computer kit is not
one to be made lightly. Anyone, after he has enough
skill, equipment, time, and expert help available,
can build a kit. The amount of these resources
required for assembly and successful use varies
widely among kits. The quality of instructions
provided also varies considerably. These are all
factors to consider when selecting your computer.

HELP!

Although good instructions and the availability
of expert help are essential fto the novice kit
builder, these aids are important to every computer
user. Computers today are too complex to be under-
stood completely by most people. Because computers
have so much potential, appropriate understanding is
very important for using a computer well. Because
skill requirements vary widely among types of
computers, a solution to the need for skill is to
choose a computer which needs the amount and types

of skill you have or plan to have.
A special resource to consider when evaluating
sources of computer skills is the dealer from whom

you buy your computer. This is the person from whom
you will also probably get the several types of
support you will need to use your computer and to
keep it operational. A dealer who is knowledgable
about the equipment he sells, and is willing to
share this knowledge, can be a great help in using

a computer. So the decision of whether to buy from
a dealer, and the selection of your dealer are both
important home computing decisions. A novice may be
well advised to use this Faire as a terrific way tfo
learn about home computing and to compare computing
products so he can intelligently make the actual
purchase of a computer through his home town comput-
er dealer.

CONCLUSION.

After this quick overview, you probably are more
confused than when you started because you have
learned a little and can better see how much there
is to learn. At least you have some understanding
of the fact that many of the things at this Faire
are new, even to the most knowledgable and experi-
enced persons.

The knowledge you now have is greater than many
of the other people at this Faire. So go ahead to
the other talks, and visit with the exhibiting
vendors, confident that you can benefit from these
discussions. Most of all, have fun as you plan and
learn about your new helper, your own home computer.
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A TYRO LOOKS BACK

Fred Waters
1601 Provincetown Drive
San Jose CA 95129

Some of you are curious, interested, and perhaps actively
investigating this idea of microcomputers for fun., About a
year g0 1 was where you are today. I had just had my eyes
opened to this new hobby, and was in a turmoil about which
way to go. Are you asking yourself, "Is this hobby for me?"
Or, "I tuink I want to get into this, but which way do I go?"
Or, "I've made a start, but what do I do with the limited
hardware I've got?" iiaybe my own experience and points of
view will help guide you, or give you some ideas on choices
and directions.

I speak as a tyro, There is no part of this hobby in
which I am not a beginner, except perhaps for a prior interast
in mathenatical gumes and recreations. I speak only to those
who follow me. as for the man who has a more advanced system,
with lote of memory and peripheral devices, with prowess in
destreying Xlingons using his favorite version of Startrek,
and vith 37 of nds wife's favorite recipes stored for quick
recsil--he's a aan I want to listen to, not tell my tale to.

after finding out by accident what a microcomputer was,
and that a rudimentary system could be acquired for not much
more than a good hi-fi system, I started investigating. This
meant attending club meetings, visiting shops, finding and
reading the right library bocks, subscribing to magazines,
writing for commercial brcchures, and asking questions cf
anyone wne would stand still long enough to give answers,

Then I picked a system, bought it, assembled it, checked
it out, and started doing things with it. I made some mis-
takes that you can avoid. It was necessary to keep on study-
ing, reading, learning. I started out with the simplest poss-
ible uses for my system. Then variations became evident. As
one progresses in the various skills, and adds peripheral
eyuipment to the system, one finds more and more interesting
pursuits in an ever-widening range of activities. And you
glimpse more to come. Iearning and playing with these machines
is like reaching and exploring an unending series of plateaus,
each one more or less fascinating, and each one pointing to
more beyond.

ilhere are you in this hobby? If you are looking at some-
thing entirely new, or already launched into the first few
stages, you may get some useful ideas from what I did when I
was there. I hope my own enthusiasm has ignited a spark, or
helped fan the existing spark into a growing flame of interest
and excitement.

Fred B Waters, Jr
1601 Provincetown
San Jose, CA 95129

U S Army Corps of Engineers, retired

M.S. in C.E., Cal Tech

Former assistant professor of engineering,
U S Military Academy

Former instructor in public speaking,
International Speakers Bureau,
Santa Clara

Member of Mensa

Member of Speakers Bureau, San Jose
Bicentennial Commission

Occasional lecturer on mathematical games
and recreations: "Fun With Math"
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THE SHIRT POCKET COMPUTER

Richard J. Nelson
2541 W. Camden Place
Santa Ana CA 92704

INTRODUCTION

The shirt pocket computer exists today in the form of the per-
sonal programmable calculator. No matter how you may define a
computer, machines 1ike the Hewlett-Packard HP-67 and HP-97, and
the Texas Instruments SR-52 probably qualify. The small gap be-
tween the personal programmable calculator, PPC, and the micro-
computer will be bridged completely this year with the introduc-
tion of the National NS-7100 in late spring, and the still un-
known model number from Texas Instruments at about the same
time. There are nearly 300,000 PPC's and less than 30,000 mi-

cros in use today. The micros get most of the publicity, while ﬂﬂODEL

the PPC's quietly serve their owners as a portable, extremely
powerful, and economical computational tool.

This paper will provide a general review of the PPC, its char-
acteristics and capabilities, and what can be expected in the
near future. In addition, this paper will cover sources of in-
formation on software, hardware modification, accessories, and
users groups.

COMPUTER OR CALCULATOR?

The basic architecture of the top-of-the-1ine PPC's on the mar-
ket today makes them calculators primarily because they are de-
signed for numerical computation oriented to a base-ten world.
There are many characteristics that are attributed to a computer
which differentiates it from a calculator. A few of these are:
a) ability to modify its own program, b) ability to handle al-
phanureric 'strings', c) high speed operation, d) multiple in-
nut/output ports, e) large mass memory in the form of 'core',
solid state RAM, or disc, f) multi-rmode operation, batch, time-
sharing, etc.

Certainly the PPC cannot measure up to the performance of the
above listed computer capabilities, but when each one is broken
down into basic capability, it is astounding how close the PPC
comes in scaled-down capability. The upcoming NS-7100, for ex-
ample, will be able to talk to many different devices, but it
is not possible to have them all in one pocket. The PPC, with
its indirect addressing, multi-logic compare instructions, rul-
ti-flags, full editing, and external memory makes it as close
to a computer as you can get and not call it a computer. The
next generation of machines available this summer will add fea-
tures that bridges the gap completely. There are sound market-
ing reasons for calling these microprocessor-based systems cal-
culators, and as long as they are primarily intended for numer-
ic computation, they are best called calculators.

WHAT DO I NEER?

If you are an engineer who is interested in computers because
you must keep up with technology, then the microcomputer is
what you need. You will buy and build one, and will spend con-
siderable time and money getting.it to do something practical.
If you are interested in a machine to control a process or a
model railroad layout, you should consider a microcomputer. If
you are a businessman who needs lots of mass storage to handle
inventory or data acquisition, you need a microcomputer.

If, however, you are a problem solver, or want to learn program-
ming, want to have fun, and not spend $2,000, $3,000, and up to
$10,000 for a real, up and running system, the personal program-
mable calculator with external memory may be just what you need.
If you want to: play Startrek, The Game of Life, Bagels, Hexa-
‘pawn, or a truly Cybernetic game; solve five (or more) simul-
taneous equations; curve fit data to just about any curve up to
order 4 or more; design circuits, bridges, etc., on an interac-
tive basis; do extended numerical operations to 50 digit accur-
acy or greater; perform card tricks; convert your calculator in-
to a clock or timer; or just plain balance the family checkbook,
the PPC is made to order. Besides, you can have the very best
for less than $400. The software support for the PPC's is far
more extensive than any microcomputer. It is easier to deter-
mine if a program has been written to solve a specific problem
on a PPC than it is on most microcomputers. Numerous libraries
are mai?zained by the manufacturers and users clubs throughout
the world.

CALCULATORS AVAILABLE TODAY

The personal programmable calculators are those machines that
have an extensive instruction set that includes full scientific
functions, logic compares, flags, full branching, and program
editing. The machines that qualify also have some form of ex-
ternal program and/or data storage. They are the SR-52, from
Texas Instruments, and the HP-67 and HP-97, from Hewlett-Pack-

ard. Table 1 is a brief summary of the major features of these
machines.
SR-52 HP-67 HP-97
Size Handheld Shirtpocket Desktop
Cost $300 $450 $750
Printer Separate(PC-100) None Yes
Program Steps 224 224 224

Data Registers 22 26 26
Program Storage Magnetic Card Magnetic Card Magnetic Card
Merged Codes Partial Fully Merged Fully Merged

TABLE 1. MAJOR FEATURES OF PPCs AVAILABLE TODAY

The ease with which these machines are programmed, and the per-
sonal nature of a battery-operated, go anywhere, calculator, has
stimulated considerable programming effort from their owners.
The ability to provide immediate answers to “"what if" questions,
and the dedicated functions of the keys, make programming an
easily-Tearned skill. Studies have shown that students who have
had preliminary programming experience on a PPC do much better
in their Fortran, Basic, or APL classes. The extensive program-
ming techniques that PPC users have developed allows these mem-
ory limited and slow machines to perform astounding tasks. Tech-
niques that use a keyboard overlay even allow alphabetic inputs
and outputs. Today, increasing amounts of literature, rapidly
growing users clubs, and growing software support from the manu-
facturers is encouraging. Several years ago the situation was
not as bright.

THE HP-€5 AND SOME HISTORY

On January 17, 1974, Hewlett-Packard announced the HP-65 - the
worlds' first pocket 'computer'. The $795 technological wonder
had external memory in the form of a magnetic card. One-hundred
program steps could be programmed and recorded for future use.
The microminiature card reader made convenient the reading of
user-tiritten or factory programs. The 100-step 1imitation of on-
1y partially merged program steps proved to be one of the mach-
ines' greatest assets. Intuitively the HP-65 users knew that if
the right approach was used, the program could be made to run in
100 steps. The wonder of the HP-65 created a group of dedicated
users who formed the first Programmable Calculator Users Club in
June 1974 -- the HP-65 Users Club. The small size and very per-
sonal nature of this machine set the stage for todays' machines.
The dedication of HP-65 users resulted in an astounding body of
knowledge of program techniques, hardware modifications, and ap-
plications. During the nearly three years of product 1ife, the
HP-65 was never reduced in price, despite fierce competition by
the SR-52. Only in the closing days of clearance sales did the
price for a new HP-65 drop. Now replaced by the HP-67, the HP-
65 still offers the user a capability that was never fully ex-
plored. The full power of the HP-65 may never be known, for the
excitement of a newer, better, and many times more powerful ma-
chine diluted the investigative efforts that were once exclusive-
1y the domain of the HP-G65. One of the most interesting aspects
of the HP-65, and later the SR-52, was the discoveries of machine
behavior that was not intentionally designed into the calculator.
These anomalies at first terrified the manufacturers. They were
so engrossed with the business of making and selling calculators
that they couldn't take time to answer a 1ot of 'foolish' ques-
tions by the calculator enthusiast who was usually associated
with one of the Users Clubs. The unusual behavior resulted in
what has become known to calculator users as 'unsupported fea-
tures' :

UNSUPPORTED FEATURES

Reference 1 lists unsupported features of the HP-65 and SR-52.
The Users Club Newsletters, references 2-5, document all known
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unsupported features.
"unsupported features".

HP-65 Lampman Split Logic - The microcoding of the
-65 had a few undefined conditions. Dean Lampman,
Cincinnati, Ohio, discovered that certain 2-part in-
structions could be separated by any number of logic
compares, or stack manipulations. Using this know-
ledge reduces program steps. For example, a single
STORE + n instruction can apply to five or more reg-
isters. Using the Lampman split logic saves eight
steps, which on a 100-step machine is significant.

The following examples will illustrate

"Non-normalized" numbers - may be generated in regis-
ters 8 and 9 and utilized to provide decrementing
counters (timers), generate pseudo random numbers,and
most useful, a programmed pause, not included as a
design feature.

The term 'unsupported' is very descriptive because Hewlett-
Packard never publicized the advantages of the Lampman split
logic, and users outside the small world of the HP-65 Users
Club never knew of the technique. Non-normalized number gen-
aration and applications were eventually published by Hewlett-
Packard and probably represents the turning point in the change
of attitude of Hewlett-Packard in viewing the super enthusiast.
This subject has been discussed in a paper given at WESCON (see
Reference 6).

THE HP-€5 SHOVED THE WAY

The accomplishments of HP-65 users have been previously summar-
ized in Reference 7. A brief list will be included here be-
cause these application experiences served as a training ground
for the increasingly sophisticated calculator users to quickly
advance to even greater heights on the next machine, the HP-67.

Games, an ever popular 'computer' pastime were devel-
oped to a high level on the HP-65; 21, NIMB, TIC-TAC-
TOE, FOOTBALL, and BAGELS, are only a few. Two out-
standing, truly cybernetic games -- Hexapawn and Cy-
bernimb -- were also written for the HP-65.

Keyboard Overlays - Especially the design of John
Rausch, Dayton, Ohio, provided a convenient means for
inputting alphabetic data. The use of the Rausch
overlay facilitated word games and convenient encod-
ing and decoding of english text

Magnetic Cards Analyzed - David Kemper, Northridge,
California, and others, examined the recorded instruc-

tion bit patterns of HP-65 program cards. Knowledge
of these codes caused caused a search for four miss-
ing (bit patterns possible, but not used) codes which
were eventually isolated, and used to perform unusual,
unsupported features, functions such as partitioning
memory so labels could be duplicated. David's famous
table of codes proved a useful tool, not only in ex-
nlaining the behavior of the cauculator, but also in
providing insight into the next generation machine.

Unusual Programs - Applications of the HP-65 went be-
yond the owners manual. A program which, when run
with the calculator near an AM radio, could transmit
the number in the display with an audio code. Pro-
grams that provide a 45-digit by N digit product, in-
finite division, or compute the factorial of 10° fully

exploit the HP-65's firmware and programming capability.

Display control was always an area of "research" by
HP-65 owners. Fun displays were produced by unusual
loops, or "special” instructions in the endless search
to expand on the only human output interface the ma-
chine provided - the display. Few practical appli-
cations resulted, but the experience gained provided
practical tools to use to analyze the HP-67. Pseudo
alphanumeric displays are possible on the HP-67 as a
direct result of work done on the HP-65.

Adding a printer was always the dream of the HP-65
owner. Heinrich Schnept, K&1n, West Germany, built
the first printer for the HP-65. His concept of
plugging the shirtpocket PPC into a "home base" chas-
sis which contains a printer served as'a concept for
manufacturers to apply in future calculator "systems".
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Figure 1. HP-65 "Pocket Computer" was announced by Hewlett-
Packard in January 1974.

Figure 2. Keyboard Overlay for the HP-65 and HP-76 allows
alphabetic inputs and outputs for word games; message encoding.

The HP-G5 was the first PPC and was the first generation of
machines which followed. The three major machines being offered
today represent 1% generations of technological achievement.
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TODAYS' PPC's

Following the HP-65 came the Texas Instruments SR-52 and the
HP-67/97. The HP-97 and HP-67 are functionally identical and
can run each other's programs. The HP-97 has a battery-opera-
ted printer and is a small desktop machine.

Figure 3. Tape and label method of making magnetic program
cards. Stress relieved computer tape (A) is 'labeled' with
file folder label (B) as shown at (C). Thickness is 6-7 mills.
(D) shows card trimmed to dimensions. Rubber stamped key
locations (E). Standard Hewlett-Packard card at bottom (F).

Figure 4. Cutting desk top calculator magnetic cards is also
a popular method of making magnetic cards for calculators.
This photo by D. Machen shows how four cards are cut from one.

The introduction of the SR-52 added some new features and func-
tions to the PPC. In addition to the designed features the
SR-52 had an unusually large number of unsupported features.

Figure 5. HP-65 printer designed and built by Heinrich Schnepf.

The many unsupported features were discovered in rapid fire

fashion by experienced PPC users in late 1975 and early 1976.
T.I1. has now recognized nearly all of these unsupported fea-
tures and has now made them supported features. Competition
in the marketplace, and realizing that the logic of an intro-
duced PPC would cause software chaos if changed, are probable
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reasons for T.I. recognizing user-discovered features.

Figure 6. Printer manufacturered by Compucalc for HP-65. Mod-
ification of the calculator is not required, simply replace
the back with one supplied with the printer. Interfaces for
other calculators are on the drawing board. Reference 19.

Figure 7. SR-52 announced by Texas Instruments in September

1975 added indirect addressing to the Personal Programmable
Calculator.

Many of the contributions that the SR-52 made, such as indir-
ect addressing, the ability to store data on magnetic cards
(unsupported) and the ability to read a program card under pro-
gram control (unsupported) are designed and supported features
of the HP-67/97. The SR-52 also pioneered the concept of ad-
ding a printer to a handheld calculator. The added printout
capability of the quiet PC-100 was a delight to users who soon
grew tired of handwriting 224-step programs. The SR-52 was
T.1.'s first effort in this product area and the company has
come a long way in realizing that, as the machines get more
sophisticated and have greater capability, factory software
support is a vital aspect of calculator sales. Consult manu-
facturers literature for full product details.

FACTORY SUPPORT

The consumer who buys a PPC doesn't always realize that he may
get far more from his machine if he doesn't have to write all
his own programs. When Hewlett-Packard announced the HP-65
they also announced a contributors library and a free owners
newsletter to keep the user updated on manufacturer and user
activities. In addition, groups of programs were made avail-
able in the form of Program PACs. Fourteen PACs were written
by HP for the HP-65 which providesthe application expertise
of professional programmers. Ilany PPC users do not have the
time or ability to write their own programs. The manuals and
magnetic cards that made up the PACs provided practical infor-
mation in addition to instructions and program listings.

T.I. continued the practice of offering program PACs, and a

users program exchange with newsletter, in support of the SR-52.
Unfortunately, major software support for the SR-52 did not

come until a year after the machine was available. The HP-67/97,
1ike the HP-65, was software supported from the date of announce-
ment. Software support is only one factor the potential PPC cus-
tomer must consider. The prospective computer customer who con-
siders the PPC as an addition, cr alternative, to a microcompu-
ter should also consider convenience, quality, cost, service,
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and logic operating system.

Figure 8. -

introduced by Hewlett-Packard in July 1976.

Figure 9.
Programs written for the HP-97 will run on the HP-67 and vise-

HP-97 Introduced by Hewlett-Packard in -July 1976.

versa. This arrangement allows nearly full power in your
pocket with the ability to print programs and listings on a
machine at the "home base".
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Figure 10. Large display for class room use is handfacturered
by Educalc. The calculator is hard wired to the display chas-
sis. Several models of calculators are available. The display

can be seen from 60 feet. See reference 20.

LOGIC SYSTEMS

Of the five considerations listed above, the first and last
ones, convenience and logic system, are the most controversial.
Comparing the products of the two companies, T.I. and H-P, is
like comparing Fords and Cadillacs. Both provide transporta-
tion, each with its own advantages. More fundamental than pur-
chase price is the difference between T.I.'s Algebraic Opera-
—ting-Systems (AOS) and H-P's Reverse Polish Notation (RPN).

Discussing this subject is often 1ike arguing that brunettes
are prettier than blondes. Objective conclusions as to the
best system are difficult. Subjective factors will usually tip
the scales one direction or the other. :

Keystroke counting as a comparison of the two systems is not
valid. Both systems usually require identical numbers of key-
strokes to instruct the machine what to do and in what sequence.
Both systems take getting used to. A strong argument for A0S

is that it most closely resembles the conventional algebraic
representations learned in school and practiced by the best
minds of the last 2,000 years. AOS uses parentheses to retain
numbers for operations: that must be performed after other oper-
ations. There is no implied operation of multiplication if a
parenthesis follows a number. RPN does not use parentheses,

but rather uses the concept of a four memory stack, entering
numbers into the stack with an enter key, and pressing the op-
eration key afterwards. Using RPN requires a little practice,
but owners who use it swear by it. The advantages of the HP
system is not RPN in itself, but rather the combination of the
stack, and the last X register which always saves the last num-
This allows recovery

require more space than allowed here, but the topic is important
enough that the new user should try both systems before decid-
ing. The saying "different strokes for different folks" applies.
In addition to normal keyboard use of the "operating system",
the differences the logic system has on programming structure
should also be considered. If you are a complete novice in this
area, seek out friends and associates who have machines to give
you their viewpoints.

PPC APPLICATIONS

The typical applications that follow can be implemented by any
of the three calculators described above. The convenience,
.ease, and practicability of one machine over the other may make
it a better choice in certain applications. The SR-52 was not
designed to store data on cards, but it can be done. The pur-
pose of describing these applications is not to provide expli-
cit detail or analysis, but rather to show how the PPC may sup-
plement or even replace a microcomputer in many practical ap-
plications.

' The small, stick of gum-sized, magnetic cards used with todays'
i-machines allow the storage of program instructions and/or data.

The machine has a limited amount of internal memory for programs
and registers for data. Using appropriate programming techni-
ques magnetic cards can be cascaded to extend program memory
and/or data registers. The SR-52 can be programmed to use data
registers for program memory and vice versa if the proper tech-
niques are applied -- unsupported.

Accounting.
surance, etc., data on each employee on a magnetic card.

A-small business may keep the salary, taxes, in-
The
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card is read, the weekly hours keyed, and the program executed.
A1l the calculations required are done in seconds and the new
yearly cumulative totals kept in memory. The data is entered on
the pay records and the card is read once again to record the
new cumulative totals.

Taxes. Income tax consultants have been able to develop algo-
rithms to put complete tax tables on a magnetic card. Running
their sophisticated programs saves considerable time and, for

their business, adds to their income. Naturally the circula-

tion of these programs is Timited.

Conversions. Currency, pricing, and engineering conversions
can be programmed for convenient daily use that obsoletes ta-
bles because any unit can be chain converted to any other.

24 or more conversions can be placed on one card. The limi-
tation is primarily the writing space on the card, not the num-
ber of conversions.

Eliminate Tables. Using clever curve fitting and other number
generating algorithms, thousands of pages of tables may be re-
duced to a few cards. The Star Almanac, all scientific func-
tion tables, etc., are practical everyday uses of the PPC.

Design Interactively. Iterative design equations can be pro-
grammed to resolve for desired parameters when one or more
parameters are changed. This interactive design capability be-
comes a powerful engineering aid; especially when printed re-
sults can be added to the engineers' log.

Reduce Production Errors. The use of the PPC on the production
Tine, or nurses' station in a hospital can save considerable
time by allowing complex programs to be run by unskilled per-
sonnel. Programs properly written can check and look for errors
in situations involving large digit quantities. One quartz
crystal manufacturer justified $800 worth of calculators on his
1ine the first week because a self-checking program caught a
digit reversal error made by an order clerk. llaving standard ,
self-checking, and easily entered verification problems avail-
able for verifying program performance adds to the cenfidence
which non-skilled users have in the machine.

Finance Calculations. The PPC may be converted into a finan-
cial wizard that will rival most computers. The high numeri-
cal accuracy built into these machines allows individuals to
have an independent check on interest calculations. In fact,
the program may also include the legal rounding rules that
banks and savings and loan companies use. In 15 minutes all
the truth in lending statements on one page of newspaper ads
can be verified. Nften there are two or three errors on one
page. Want to check your 239th house payment to determine how
much of it is interest? This type of problem can be done in
less than 30 seconds including the time to find and load the
magnetic program card and key in the data.

Cost Estimating. This type of problem is a natural for a small
usiness. Usual]y each business has its own guidelines and

Fig. 11 Ref. 1 84,x11".
papers "bound".
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rule of thumb. Consider a fabricated part produced from sheet
metal. The material, size, and number of holes are keyed in

as the customer gives the data. A quoted price is given in
seconds. The program knows the size of the material and de-
termines the optimum number of pieces. Fabrication costs, over-
head, and profit are calculated without human error. Complex
proq#cts that require 20, 30, or more inputs can be handled
easily.

Research. Computer time is expensive, and usually a microcom-
puter is not on your own desk. A simple program can be keyed in
to search for answers while you go on with your work. The slow
PPC may take hours or days, but it can find answers that would
take a big machine, restrictive availability, and a professional
programmer to solve. If the program is still running when it's
time to go home, simply unplug it, slip into your pocket, and
Tet it continue. Plug it in again when you reach home and get
the first solution while watching your favorite TV show. Start
a new problem and have another solution at breakfast.

Games. Games are just as popular on PPC's as on larger compu-
ters. Startrek, Life, Golf, Football, Baseball, and most of
the classics can be played on the PPC. Both T.I. and H-P even
offer a Games PAC. A recent BASIC listing of the game Hexapawn
appeared in a popular computing magazine. The 2/3 column 1ist-
ing was the equivalent of one magnetic card program. ON THE
HP-65! True, machine-learning games have been programmed on
the PPC. ‘hen the "computer" is available at the personal con-
venience of the owner, his creative skills are enhanced because
the machine is available whenever and wherever needed.

The above applications are not an exhaustive listing, but only
serve to illustrate the high level of programming achievement
that exists in the software for PPCs. The small size of the
machine and the external storage media makes the PPC a problem
solver, a teacher, and an entertainer. Literature on PPC ap-
plications has increased dramatically in the last year. The
technical literature and Users Clubs provide the bulk of high
quality software and applications information.

SOURCES OF INFORMATION

The basic body of knowledge suitable for PPC users has been in
the technical literature for many years. Only recently, how-
ever, has mathematical concepts, algorithmic techniques, and
iterative and recursive techniques been available in a form di-
rectly applicable to PPC use. Textbooks, magazines, users club
newsletters, and engineering papers have been contributing to
the general body of knowledge. The references at the end of
this paper list many of the major works related to the PPC. The
1ist is more complete in the Sources from Engineering and Sci-
ence fields and lacking in references from the Academic commun-
ity. One of the richest sources for applications information,
programs, and programming techniques is the monthly users club
newsletter.

2000 word per
page format, typical issue 12-14 pp.

Fig. 13 Ref. 3 8%x11%", In German,
very difficult to translate.
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USERS CLUBS

The Council of Personal Programmable Calculator Users Organi-
zations lists three U.S. and one German club as members. Sev-
eral smaller groups at major U.S. corporations are gatting
Targe enough to qualify for membership. Approximately 1% of
the total PPC user population belongs to a Users Club. One
primary objective of these groups is to produce the highest
level of programming techniques and applications information
possible. As a result, these super calculator enthusiasts
enjoy a knowledge of the state of the programming art that
leads the technical literature by nine months to a year. Al-
most without exception, programs or programming techniques,
especially machine anomalies and unsupported features, that are
published today in national magazines have appeared a year ear-
lier in a Users Club newsletter.

These clubs operate along similar lines. They are all non-
profit, independent, volunteer groups who have found that their
PPC forms a unique bond to share technical information. Club
activities include publishing monthly newsletters, holding
meetings, making group purchases, sharing programs, and main-
taining a program data base, and even maintaining calculator
hot lines for the latest bulletins on what's happening in the
calculator world. In terms of free software alone, membership

in one of the clubs makes the membership contribution a bargain.

Membership is world-wide and the machines the clubs support
range from a single manufacturer to all manufacturers. There
are no restrictions in membership except an interest in PPCs
and a willingness to contribute to the general goals of the
group. llembership in these clubs include users who may be
Presidential advisors,.Vice-Presidents of Fortune, 500 com-

Fig. 14 Ref. 4 811", 6 pages per papers "bound".

issue, primarly advanced topics.
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panies, scientists, engineers, or college and high school stu-
dents. The growth, history, character, and activities of these
clubs is a phenomenon-as unique as the high technology PPC
itself.

BRIDGING THE GAP - THE FITURE

As previously mentioned, two new PPCs are expected by early
summer. The advanced capability of these machines will quali-
fy them to represent the second generation of PPCs. They will
have I/0 ports with handshaking capability to interface with
the rest of the computer world. Their internal program memory
will be 20 times that of the present machines on the market.
The NS-7100, for example, will have a solid state plugin Li-
brary that has a capacity to hold 4,096 program steps, each of
which may consist of up to three keystrokes. The Library car-
tridge contains the equivalent of 12,288 keystrokes. A1l mem-
ory of the second generation machines is non-volatile. Execu-
tion speed is not much faster than todays' machines and a sig-
nificant increase in speed is not expected until Silicone on
Sapphire (S0S)technology is implemented for the integrated
circuits. Data registers and program steps will approximately
double. Alphanumeric displays are not expected on the handheld
machines.

The details of the known machines coming from National Semicon-
ductor and Texas Instruments in early summer are unknown.
Enough is known about them to see that they will bridge the gap
between the calculator and the computer because of the liter-
ally infinite capability that exists for "talking" to compu-
ters, printers, modems, CRTs, TV sets, and each other through
their 1/0 port.

POCKET
CALCULATOR

JON M. SMITH

Fig. 16 Ref. 8 7x9", 380 pages
hard_bound.

Fig. 18 Ref. 10 6%x10", 427 pages
soft bound.
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Fig. 21 Ref. 14 6%x9%", 317 pages
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SUMMARY

The personal programmable calculator (PPC) with external memory
is indeed a shirtpocket computer. The new machines to be an-
nounced in early summer 1977, with their full I/0 capability,
bridges the gap between calculator and computer. The term "per-
sonal computing" has a special meaning to the PPC user. "Per-
sonal" means "on ones person", available any time, anywhere.

The applications and programming technique state of the art has
_ kept up with the hardware advances because of the activities of
the manufacturers software support and the Users Clubs. The
PPC offers the computer user a powerful, low cost, accessory
and, in applications where numerical solutions satisfy the major
needs, may replace the microcomputer completely. The PPC of
today is not just a calculator; inside it is a microprocessor
with control ROMs that give it a calculator personality. The
shirtpocket computer is here to stay.
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THE SIDELOBES OF INDUSTRIAL DISTRIBUTION ARE FOCUSED ON THE HOME MICRO-

COMPUTER HOBBYIST

Lowell Smilen, Ph.D.
Almal/Stroum Electronics
5811 Sixth Avenue South
Seattle WA 98108

ABSTRACT

The emerging microprocessor technology is having and will
continue to have a strong impact on the way electronic design
is carried out on existing electronic products and the countless

number of new ones yet to appear on the market.

The micro-

processor hobbyist is in the forefront of this exciting revolu-

tion; both as a consumer and a contributor.

This paper will

explore how the hobbyist can benefit from the engineering
programs in effect at some electronic distributors, who in

turn are working closely with the semiconductor manufacturers.
The broad array of microprocessor kits, system development
tools and learning products which are now available will also

be discussed.

I.

1I.

Introduction

The role of the industrial electronics distributor has been
evolving over the past few years. Whereas previously,

the distributor was concerned mainly with supplying single
function components, i.e. resistors, transistors, wire;
the current trend towards multifunction components and
pre-wired subsystem boards such as microprocessors,
single board computers and microprocessor development
systems has caused the distributor to become more techni-
cally oriented.

The intent of this paper is to describe the wide range of
microprocessor products and services available through
some segments of industrial electronics distribution and
to suggest that this mode of operation, perhaps with vari-
ations, will be increasingly followed in many parts of the
country.

The major effort or mainlobe energy of the distributor is

directed at the OEM (original equipment manufacturer), III.

however, the home hobbyist market is growing at a suffi-
ciently rapid rate that the sidelobe energy directed in that
direction is still considerable. This is particularly true
for microprocessor hobbyists since electronic system
development using these products lends itself well to the
home laboratory. The home hobbyist ranges from the
person who is developing a system mainly for fun and games
to the experimenter who is prototyping a system from
which a profit is ultimately to be realized. The nature of
the microprocessor products on the market allows both
goals to be realized.

Engineering Services

Perhaps the biggest problem associated with moving into
microprocessors is determining where to start. A
Microprocessor Development Center with a resident
technical specialist provides the ideal starting point.
The beginner then has the opportunity to come in and
discuss his goals, budget and future plans. The
designer at every experience level gains exposure to
new products. The Center contains the development
systems from a variety of semiconductor manufacturers
with an assortment of peripheral devices; typically a
development system consists of:

a. The processor console with between 16K and 64K
memory; resident firmware for controlling the

peripheral devices; and resident firmware for
program operations and debugging

b. Teletype or similar units, possiby a high speed
printer

c. Disc operating system and/or paper tape reader
and punch

d. CRT console

e. PROM Programmer

f. In-circuit emulator and/or simulator

g. Software for program editing, assembly and in -
some cases software for high-level language

The function of these units will be discussed in the sec-
tion on Microprocessor Products.

The visitor to the Center receives a demonstration on one
or more of these systems with a discussion of their capa-
bilities. (The Center at Almac contains the development
systems from Intel, Motorola, National and Texas Instru-
ments).

Of significance to the hobbyist is the fact that time on
these systems can be purchased on a daily basis.

As a means of keeping the designer current with the
latest developments in microprocessor products, the
distributor sponsors a series of technical seminars
usually presented by field application engineers from the
semiconductor manufacturers. The distributor also pre-
sents technical seminars at universities, local micro-
computer clubs and trade shows.

There are other engineering programs in existence at
distributors which are pertinent to the hobbyist. A
PROM programming facility provides the means for
entering the debugged program into a field program-
mable ROM, either erasable or not, from a variety of
media such as paper tapes and mark sense cards.

A distributor often provides electrical assembly capa-
bilities for customizing such items as switches, connec-
tors, terminals and flat ribbon cable to the user's specs.

Where the distributor maintains a retail store in con-
junction with his stocking warehouse, the hobbyist has
easy access to the wide variety of products and services
which the distributor provides to his industrial
customers.

Microprocessor Products

A, LSI Chips

The range of microprocessor products is so exten-
sive that they can be best treated by breaking them
into categories: First, there are the LSI chips
which constitute the microprocessor chip set, the
RAM and (P) ROM memories; serial and parallel
1/O chips and the newer peripheral chips such as,
the programmable DMA controller, interrupt
controller and interval timer. Examples of some
of these chips are the:

1. Intel 8080A - an NMOS 8-bit parallel CPU with
6 registers and an accumulator, separate 16-
bit address and 8-bit data bi-directional data
busses.

2. Intel 8048 - an 8-bit NMOS LSI chip which
contains the CPU, memory in either ROM or
PROM structure, RAM, internal clock, pro-
grammable I/O parts and interrupt control
logic.

The 8048 illustrates the trend of integrating
peripheral chips and memory onto the CPU
chip to form a more tightly integrated system.

3. Motorola 6800 - an 8-bit NMOS microprocessor
with an 8-bit bi-directional bus and a 16-bit
address bus, 6 internal registers using a 5-volt
power supply.

4. Motorola 6802 - an 8-bit NMOS microprocessor
that contains the registers present on the 6800
but also includes an internal clock oscillator
and driver and 128 bytes of RAM. It uses the
same language as the 6800.

This chip also illustrates the availability more
highly integrated LSI chips.
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The trend towards microprocessors with greater
data processing capabilities is shown in the:

5. Texas Instruments TMS 9900 - a single chip
16-bit NMOS CPU having 16 general registers
and on-chip instructions for multiply and
divide. It is supported by the TMS 9901 a
programmable systems interface chip, the
TMS 9902 asynchronous communications

controller, the TMS 9903 synchronous C.

communications controller and the TMS
9904 clock generator.

A chip which is applicable to controller type
systems which require a lower degree of
computer complexity at a low cost is the:

6. National SC/MP - 8-bit microprocessor
which is available either as an NMOS chip
or a slower PMOS one. In addition to its use
.in equipment controllers it finds applications
as a peripheral interface unit in distributed
processor systems.

There are many factors to be considered in
choosing a microprocessor chip. Among
these are speed (relative to the application),
power dissipation, supply voltages, data
handling capability, availability of peripheral
chips, need to minimize chips, cost and
second sourcing, There is another factor,
which will be discussed further later on,
hardware and software support provided by
the semiconductor manufacturer.

Microprocessor Kits

The next product grouping to be discussed, and
possibly of greatest interest to the house hobbyist,
comes under the heading of microprocessor kits,
Historically, kits have always been popular with
hobbyists ranging from test equipment kits to high
fidelity and stereo subsystems. The semiconductor
manufacturers have made a strong effort to capture
a wide following among microcomputer beginners
by putting on the market kits which are excellent
values, both in electronic parts and documentation
for self-learning programs. They provide an ideal
starting point for novices and those who wish to
become familiar with a second or third chip family. D.

The first microprocessor kits were merely an assort-
ment of LSI chips. When the kits were expanded to
include a printed circuit board, their popularity

grew and with the introduction of LED displays and
hexadecimal keyboards into the kits sales advanced
more rapidly. With the inclusion of a means of
entering and receiving data the need for an expensive
terminal was minimized.

Examples of the more popular kits ranging in price
from under $100 to $250 are:

1. Intel SDK-80 which contains the 8080A, RAM
and ROM memory, I/O chips, a crystal, TTL
logic, passive components and a PC board.

The monitor firmware allows communication
with various terminals, program debugging and
execution. There is space provided on the board
for the user to expand the system for his partic-
ular application. '

2, Motorola MEIC 6800D2 Kit contains a 24 key
keyboard and a 6-digit seven segment display
in addition to the M6800, RAM and ROM serial
parallel I/O chips, TTL logic, 2 PC boards,
and all passive components needed to complete
the kit. There is a monitor program which
permits communication with an audio cassette
and program entry and debug from the key
board. This kit can also be expanded by the
user,

3. National ISP-8K/200 SC/MP kit and ISP-8K/400

SC/MP keyboard kit. The SC/MP kit was
available initially and contains the SC/MP chip,
RAM, a clock crystal, buffering chips, a ROM
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for teletype communications and program
debugging and a PC board with an expansion
capability. The keyboard kit was introduced to
obviate the need for the teletype and uses the
blank portion on the PC card of the first kit.
The ROM included with this kit allows the user
to enter, debug and execute his program by
using the calculator-style keyboard.

Computers on a Board

Next in the hierarchy of microprocessor products
would come the families of single-board computers.
This family of products probably has its greatest
significance for industrial users but the hobbyist
should be aware of this potential storehouse of
products.,

Intel's SBC 80/10 probably was the first of the single
board computers followed by Motorola's micromodule
the M68MMOL. Intel has now introduced its expanded
version of the 80/10, the SBC 80/20 and Texas
Instruments, the T.1. 990/4,

The single board computers are prewired circuit
boards that have been tested and contain a CPU,
RAM, 1/0 chips, clock circuits, terminal interfaces
and sockets for ROM and 1/O expansion. Their
significance is enhanced by the fact that they are
members of a family of boards and cardcages that
may include RAM and PROM socket cards, 1/O
cards, A/D and D/A cards and more recently a
general-purpose-interface-bus card. The cost of
the microcomputer card and associated modules,
in single unit quantities, is in the $500 and $800
range.

The beauty of these microcomputer cards and their
support modules is that they provide for a wide
variety applications without the need to stuff and
wire each PC board, they minimize inventory and
spare part inventories and they are compatable with
the microprocessor development system associated
with the particular semiconductor manufacturer,

This brings us to the last grouping of micropro-
cessor associated products - the microprocessor
development systems. '

Development Systems

By their very nature, microprocessor systems are
complex, in that they require both hardware and
software design, with trade-offs between the two.
Digital test equipment existed for hardware check-
out and large computers could serve for software
development and simulation. However, there was
a need for a new class of test equipment which
combined both functions - what resulted was.the
microprocessor development system which is itself
a general purpose microcomputer system. The
key components of these systems are:

1. Microprocessor console. This unit contains a
microprocessor and associated circuitry for
interfacing to the resident RAM memory which
can range from 8K to 64K; firmware in the
form of a monitor program in ROM for serial
and/or parallel communication with one or
more terminals, for program loading, debugging
and copying; a card for interfacing the system
to external hardware; additional sockets for
special function cards and a heavy duty power
supply.

2. Peripherals

The disc operating system, often with two drives,
holds the system software and provides a rapid
means of loading and storing programs.

Where paper tape is used, in conjunction with a
teletype, a high speed paper tape reader, 200
characters per second, is desirable to perform
the loading function.

Other perpherals include the ASR 733 twin
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cassette, data terminal, an alphanumeric key-
board cathode ray tube display console and 165
character per second line printers,

3. In-circuit Emulators

The utility of the development systems was
greatly enhanced by the introduction of cards
which plugged into the main console's mother-
board to allow the development system to be
used to check out the hardware being developed
The emulator permits the system being devel-
oped to use the main console's memory and
I/O capabilities, to execute the program being
developed in the user's hardware and to display
executed instructions with address and data,
and contents of the CPU's registers, all in
real time.

4. PROM Programmers

Once a program has been successfully devel-
oped, the PROM Programmer allows the data
to be entered in a field programmable ROM.
The PROM Programmer may be a separate
console that is interfaced to the CPU console
by cable or a PC card that can be inserted
into the mother-board of the CPU console.

5. Resident Software

Initially, the resident software was dedicated
to program assembly and editing, then came
the software for using the emulators and the
diagnostic check-out procedure. However,
recently the trend has been to resident higher-
level languages such as PL/M-80, Fortran IV,
and Basic. These operate in systems using
from 4K to 64 K bytes of memory.

Most semiconductor manufacturers have pro-
duced a prototype development for use with
their microprocessor chip; some have gone
further and developed the wide variety of
hardware and software products discussed
above., Most noteworthy of mention are
Intel's Intellec System, Motorola's EXOR-
cisor Systems, National's IMP and PACE
Systems and more recently, Texas Instru-
ments' 990/4 Prototyping System.

Prices for microprocessor development
systems range from a minimal configuration
at $4, 000 to a multi-function test bed at

$15, 000,

E. Learning Systems

There is another group of products, which can be
described as learning type systems, that has been
introduced by the semiconductor manufacturers.
Most of these products are unique.

National Semiconductor has produced the SC/MP
Low Cost Development Systermn (LCDS), It comes
with a chassis containing a monitor program, a
hexadecimal keyboard, a LED display, sockets
for expansion and a CPU card with RAM and

1/O chips. Communication with this unit is in
machine language either via the keyboard or a
teletype. Additional cards for RAM and PROM
memory can be obtained and it will run National's
4K Basic.

Intel's PROMPT 80 and PROMPT 48 contain single
boards computer cards for the 8080A and the 8748
or 8035, They have hexadecimal keyboards and
LED displays, PROM programmers, monitor firm-
ware and power supplies. They can be used as
development or learning systems. They will inter-
face to the MDS-800. )

The learning-type systems described above are in
the $500 - $1, 500 price range.

This brings us to the Texas Instruments Micro-
processor Learning System which consists of four

separate modules, each provided with a detailed
manual. The LCM-1001 is intended to teach micro-
programming, the development of a set of instruc-
tions as used by a microprocessor and is concerned
with processor architecture, data handling and
processor programming. The companion modules
are the LCM-1002 a controller, LCM 1003 memory
and the LCM-1004 input/output module. The four
modules combined constitute a versatile micro-
computer. The entire set costs less than $700.

IV. Conclusion

The era of microprocessors is indeed in its infancy. Re-
gardless of what projections are used for its growth, there
is no doubt that they will have a profound impact on our
lives whether we are engineers, technicians or consumers.
The technical hobbyist enjoys working with and nuturing
new technologies. In the case of microprocessors, the
hobbyist will find that broad, valuable assistance and
support are being provided by the technically and service
oriented electronics distributor, working with the creative
semiconductor manufacturer,
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:'[f mall is Deautiful,
A look at micro-computing as if people mattered

Andrew Clement
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Abstract

E.F. Scliumacher, in Small is Beautiful and his more
recent work, has drawn attention to the role that
technology plays in the shaping of our present society
and to the need for technologies of smaller scale

in the growth of a more humane society. He ident-
ifies the criteria of smallness, simplicity, capital
cheapness, and non-violence as being particularly
important. Micro-computer technology, which is the
basis of computing systems for home and personal

use, seems to satisfy these criteria in many respects,
and so it potentially represents a technology
appropriate for future general use.

This paper examines critically the field of micro-
computing in light of Schumacher's four criteria.
Many of the positive aspects are seen to hold up
under this examination. In important respects the
technology really is small, inexpensive and non-
violent. It can also be fun, facilitate the more
equitable distribution of computing power and help
breakdown fear and mis-understanding of computer
technology. A number of important drawbacks are also
discussed. Micro-computers are generally crude and
not very powerful at the moment. They are not simple
to use other than at a fairly elementary level. Wide-
spread use of micro-computers may contribute to the
increased centralization of power in society.

The important role that computer amateurs and other
pioneers in the micro-computing field have in in-
fluencing its future development is pointed out.
They are challenged to devote effort to ensuring
that computers are used humanely to enhance people's
lives and that the negative aspects of computers are
minimized. The paper ends with suggested techniques
and applications that may assist in achieving this
goal.

I. INTRODUCTION

Everyone agrees that technology has had a profound
effect on modern society. Technology has crept

-into every facet of our personal lives and left

no public institution untouched. Along with the
many good things it has brought, there have

been serious ill-effects to which no-one is immune.
It is therefore wise of us to inspect closely new
technologies as they arise to determine whether,

and how, we may benefit from them.

Two contemporary authors have made significant
contributions to the understanding of what we
should expect from our technologies, and their
manifestation as tools, in order that they serve
us best. 1Ivan Illich, writing in Tools for
Conviviality, calls for tools "which give each
person who uses them the greatest opportunity to
enrich the environment with the fruits of his

or her vision." (p.22), tools "which foster
self-realization", (p.25) tools that promote
self-reliance, autonomy and harmony between
ourselves and with nature. It is essential that
control of the tools lie with the individuals
and organizations they are intended to serve.
E.F. Schumacher has similar objectives, and in
Small is Beautiful and Technology and Political
Change, identifies the scale of the technology
as the most important factor in determining its
social consequences. In general, many present
technologies are so massive that the overall
effect for people is that they suffer,rather than
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benefit, from their use. Smaller, more human-
scaled enterprises are needed in the formation of
a more humane society.

Schumacher suggests four criteria with which to
judge technologies and serve to guide their
development. These criteria are:

small

- simple

- inexpensive
non-violent

Technologies which satisfy these criteria will be
much more likely to be good for us.

One technology that appears destined to play a large
part in our lives is that of micro-computing.
Conventional computer technology, already gquite
influential, is at the moment embarking on an
important new direction based on a radical re-
duction in the size and cost of primary computer
components. Large scale integration (LSI) of
circuits has made possible powerful computing
devices that could be purchased by virtually
everyone for home or personal use. Though not
widespread yet, the future general use of these
"micro-computing" devices seems probably and would
have considerable impact on society. At first
appearances it would seem that this new micro-
computer technology satisfies many of Schumacher's
criteria and so could have the potential to provide
us with tools of great service. The remainder

of this paper is concerned with assessing this
potential and exploring ways in which it can be
exploited. -

II. WHY MICRO-COMPUTER TECHNOLOGY IS IMPORTANT

Before becoming concerned about the social impact
of micro-computer technology it is wise to see
whether such concern is of any relevance. Firstly
it should be shown that micro-computers are likely
to have an important effect on people's lives and
secondly that there is some possibility of in-
fluencing their course of development. Both of
these appear to be the case.

Micro-computing has not yet begun to affect many
people's lives directly but there is good reason
to believe that in the foreseeable future their
impact will be great. What we are witnessing

at the present time is the rapid emergence of the
computer from within the confines of large
institutional settings and into the view of the
general public. Until now most people have not
really seen a computer or had to deal with one
directly. Rather they have learned of them by
report and communication with them has been via
the mail and through a bureaucracy. Computer
hardware first came into public view in the form
of terminals for airline reservation systems

(back view only), but now they are highly visible
in many banks and other institutions. Point-of--
sale processing, and automated checkout are about
to burst forth and electronic funds transfer is
fast approaching. In the home, the last few years
have brought the cheap pocket calculator and the
video game that plugs into the T.V. set. Other
talked of T.V. add-ons include systems to allow
shopping, banking, and even voting from the comfort
of one's living room. We can look forward to
finding (?) digital gircuitryin our cars, ovens,

and other appliances, (Figure 1).

At work the outlook is for the "electronic office"
with computerized word processing and greater
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realiance on computer conferencing techniques.

All of these changes rely heavily, though not
entirely, on computing devices built upon the
technology of large scale integration (LSI).

Thus many aspects of our lives, in buying, in
recreation, in employment and transportation

and communication are going to be affected strongly
by micro-computing technology. We should see

what we can do to ensure that we are better off
for all this.
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The realization that micro-computers are going to
have a major impact on our society is not, by
itself, sufficient reason to become actively
concerned in trying to affect their development.
We need confidence that the technology is some-
what flexible, that it can be changed to some
degree, and further that these changes will be
reflected back on the society that uses the
technology. If on the other hand what we do has
no effect, then we might as well sit back to
enjoy the show and amuse ourselves with our new
toys.

We shape our tools;
shape us.

thereafter they

Marshall McLuhan

This statement expresses part of the justification
for concerned action at the present time. At

the moment the computing devices are still crude
and many of the details not worked out; the
manufacturing and marketing systems not fully
developed; patterns of use have not been firmly
established; the myths that apply to conventional
computers will no longer be accepted but replace-
ments have not yet taken hold; legislative regul-
ations await formulation. In many areas the
technology and related structures have not
solidified and although to a large extent, the
future forms have already been determined

by prevailing social forces, there is still a
short time to influence the course of development.
To do this positively and effectively requires an
understanding of the technology and what it has

to offer.

SCHUMACHER'S. FOUR CRITERIA:
SMALL, SIMPLE, INEXPENSIVE, NON-VIOLENT

III.

Schumacher's four criteria give us way looking at
technologies and evaluating them for their potential
to benefit us. The criteria are not really new and
in fact are based heavily on common-sense notions of
what makes something friendly and easy to get along
with. Everyone has had rewarding experiences with
tools or institutions and I am sure that they would
often find that these criteria were underlying the
success of the encounter. Conversely, unsatisfactory
experiences with technology can often be traced

back to it being huge, complicated, expensive, or
violent. By themselves these criteria are not
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complete and do not guarantee that the effects

of a technology will be humane, but they do pro-

vide a useful starting point.

Small

People are small and tend to get overwhelmed when
they have to approach and deal with things that

are much larger than themselves. It is clear that
the physical size of micro-computers is small. They
can be put on your desk, can be carried around,
taken over to friends' house, the whole thing can
be seen and be grasped at one time. At the extreme,
the Dynabook that is being developed by Xerox is
pictured as being the size of a notebook and

works off batteries and so will be completely
portable and unintimidating in appearance. This

is an important departure from the conventional
view of computers as large, complicated and somewhat
fearsome devices, demanding large buildings, special
air conditioning, phalanxes of experts to care

for them, and layers of bureaucrats to protect them.

Considerations of size apply not only to the actual-
hardware that the user sees but also to the necessary
back-up technology and institutions as well as the
organizational settings that are required to make
effective use of the tools. Fortunately in most

of these respects the "smallness" of micro-computers
remains in tact.

Manufacture and marketing of most of the hardware
components can be done with relatively small firms
and without huge factories and machines. In fact,
many of the products available to computer amateurs
have been introduced by small groups of individuals
operating out of "garages". This is a reflection
not only of the relative newness of the field (there
hasn't been enough time for companies to grow really
large) but also to the characteristi¢s of the
technology and the particular way in which it has
developed. A good example of this is found in the
"bus" structure that underlies many current micro-
computing devices. A "bus" structure is not only
just an excellent way to organize a computer

(there are other ways) but has important consequen-
ces in other areas. The emergence of the "Altair"
or S-100 bus as a de-facto standard has resulted -
from, and more importantly, allows, small enter-
prises to create special products that can plug
into it. Of course this has depended on the fact
that there is no restriction preventing anyone from
doing this. It is not hard to imagine that a
really large manufacturer (mentioning no names)
would either not use such an easily copied and
exploited technique or would find artificial

means to prevent such "abuse" and preserve its
monopoly.

When it comes to the manufacture of the integrated
circuits (ICs) the "smallness" is lost somewhat
since fairly large, though not huge, installations
seem to be required.

On the software end small groups appear to be able
to operate efficiently, perhaps more efficiently
than armies of programmers even with very large
programming tasks. However, when it comes to
marketing a hardware/software combination, size
may be a considerable asset in order to enjoy
economies of scale and as a protection against
competition. Using micro-computers can also be a
small-scale affair as long as there is no need to
have to plug into large centralized networks as
is the case with conventional television.

Simple

Simplicity is another virtue, not necessarily
related to size, but sharing with "smallness" the
tendency to promote autonomous control and self-
reliance. If a technology or tool is simple then

it is much easier for people to understand it, to
use it and modify it for their purposes, to fix

it when it goes wrong, in short to control it

rather than be controlled by it. Unfortunately
micro-computers are simple only in a few, restricted



FIRST COMPUTER FAIRE PROCEEDINGS

aspects. Most people do not have a great deal of
trouble using computer equipment. Small children
appear to find it simple enough and although
harder to use than most popular appliances
(e.g. telephone, oven, etc.) it is certainly much
easier than an automobile, once some basic skills
and concepts have been mastered. The same goes for
the assembly of equipment from kits and the com-
posing of simple programs. However, when involve-
ment goes beyond thls level, things become much more
complicated. The analy51s, design, and programming
of major systems requires specialized skills
and experience. There do not seem to be program—
ming languages and techniques presently available
that allow us to do this sort of thing fairly
. easily. This is due no doubt in part to the in-
herent complexity of the process but also because
we are still in the infancy of our understanding.
The problem is even worse when it comes to the
design and manufacture of hardware, particularly
integrated circuits. A highly advanced and
sophisticated technology is involved requiring
machines of great pracision and personnel of rare
expertise. With the reliance on experts goes a
loss in control and freedom, resulting in a
situation akin to that with the automobile. Most
people can drive one, put in gas, change tires and
sparkplugs, but when it comes to repairs we leave
our mobility (and pocket-books) in the hands of
trained auto-mechanics. The prospect of actually
making our own vehicle or modifying an existing
one is simply out of the question for all but a
handful - it's just too complicated. The present
situation with micro-computers is substantially
worse,with the consequence that at least in the
foreseeable future their popular use will centre
mainly around the purchase of plug-in modules.
Most people will depend on outside hardware and
software suppliers and not be able to rely on
themselves or others in their vicinity. The guts
of our major machines will continue to be generally
out of bounds.

Inexpensive

The criteria of inexpensiveness applies primarily

to the financial aspects of a technology, and in
fact, Schumacher uses the term "capital cheapness"
The capital requirements of a technology are clearly
related to its size and complexity, and like them
has an important influence on its control and
acceptability. Again it is useful to distinguish
between the hardware and software aspects and the
consumer and productlon ends of micro-computer
technology.

Perhaps the most dramatic and publicized feature

of the "micro-computer revolution" is the drastic
drop in price of hardware components. This plunge
in cost is probably the most important factor
contributing to the rise of popular computing and
the trend shows every sign of continuing. Small
hobby systems are now available for a few hundred
dollars, which is in the order of domestic appli-
ances and within the reach of many people. However,
by the time the extra memory, peripheral storage
and other goodies have been added to make an
interesting system the cost has risen to several
thousand dollars, making it a substantial invest-
ment and thus out of the range of most individuals
and small organizations. With further refinements
of technique and the development of mass markets,
this will probably remain the case for only a few
more years, at least in North America. This con-
trasts sharply with conventional computer equipment,
which is enormously expensive in comparison, and
thus available to only already wealthy organizations.
At the manufacturing end it appears that great
investments of capital are not required except
possibly in connection with the production and
marketing of integrated circuits.

Software, to bring the newly inexpensive hardware
to life, has :not enjoyed the same radical drop in
price, mainly because it is a mind and labour
intensive process and not susceptible to easy
automation. To produce high-quality software does
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not require lots of time to start with but does take
a great deal of time and care, making the ultimate
cost fairly high. The purchase price can be kept
down if the software is general and reliable enough
to be attractive to a large number of users. One
way to do this is through software exchanges where
software can be made available and acquired cheap-
ly. The producer would not stand to earn a great
deal of money but would presumably receive some
compensation by being able to enjoy other peoples'
work at a low cost. If this system is to flourish
though, the software must be very reliable, well
documented -and widely accessible. Dr. Dobb's
Journal is a good example of this process in action
at a level of amateur computing. The alternative
seems to be stiff copyright regulations maintaining
high costs for all but the most widely used packages.

Non-violent

It is very important that a technology that is to

find widespread use not harm people nor damage our
natural environment. In a direct sense this is
certainly true of micro-computer technology. The
greatest physical danger to an average user is getting
an electric shock or having one drop on his toe.
Environmentally, no aspect of computer technology,
even with universal application, consumes much in the
way of natural resources, demands large amounts of
energy, nor produces appreciable pollution. We can
say generally that computers "walk lightly on the
earth". (Figure 2) This is because the hardware,

the physical part, is needed only to harbour the soft-
ware, which is really where the interesting activity
is going on, and thus has to interact only minimally
with the rest of the world. Micro-computing is like
other communications technologies in this respect

in that its effects are usually not directly physi-
cal. For instance, the violence that results from
television is not due to its physical characteristics
but rather to the indirect effects on its viewers
over a period of time. With micro-computing, the
violence comes from the ways in which it affects how
people see themselves and how they relate to others
and their environment. Excessive and narrow use of
computers seems to promote mechanistic thinking and
de-personalization which represent and result in forms
of violence that, though not overt, are nevertheless
significant. Further investigation of this social

and psychological violence is vitally necessary if
large numbers of people are going to come in regular
(Figure 3)

contact with computers,

.
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IV. ADDITIONAL SIGNIFICANT FEATURES OF MICRO-COMPUTING

Besides Schumacher's four criteria that have just been
discussed, there are a number of other important
features that should be considered when examining
micro-computing's potential to serve as a humane tech-
nology in our society.
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Fun

Micro-computers are fun! Lots of people, children of
all ages, enjoy playing with them. Computers are not
just serious business! They have the potential to
become great mind toys since they are so flexible and
can be adapted to represent such a wide variety of
situations (see Ted Nelson's Computer Lib/Dream Machines).
They are such a good toy, in fact, that some people get
so fascinated and turned on to the world they are
creating and exploring in the machine, that the outside
world gets lost. For this reason, excessive exposure
to computers should not be allowed to drive out other
more physical and social forms of play, particularly

in the case of children. Nevertheless the pleasure
that can be obtained from micro-computer technology

is an important part in making it friendly and social-
ly desirable. . .

Rennic 1§77

Figure 3

Breakdown of fear and misunderstanding

The widespread use of micro-computers will hopefully
have the effect that people will gain a much better
understanding of computers. This will tend to lessen
the fear of computers based on ignorance and provide

a firmer basis for the real justified fears and thus
enabling people to deal more effectively with the
technology. It should make it much harder for large
organizations to hide behind their machines and abuse
people by insisting they conform to the expectations
of the computer. People will learn that it is not

the machinery that is mainly responsible. However,
there is a danger that the understanding may only be
superficial and that the loss of fear resulting from
familiarity may work against people. Instead, what
could happen is that this simply paves the way for
easier penetration and acceptance of the more question-
able aspects of computer technology, such as Electron-
ic Funds Transfer and other large-scale databank
systems.

Redistribution of computing power

The ability to process information quickly and cheap-
ly is an important component in the exercise of power
in present society. Until now the mechanisms for
doing this have rested almost exclusively in the hands
of large institutions while individuals and small
organizations have been pretty well left out. The
wide-spread availability of small, yet reasonably
powerful computers could alter this significantly and
help shift real power, along with computing power,
toward smaller social units. For this to actually
take place not only would the computing power have to
be accessible but also the expertise and raw informa-
tion needed to go with it. It is not clear that the
organizations whose strength would suffer in propor-
tion would be willing to relinquish their control over
these as well as the other vital components of power.
In fact, if a multitude of micro-computing devices
act mainly as peripherals in a highly centralized
system, then power will be further consolidated in
the hands of the massive interests that already domi-
nate society.

Crude, not powerful

Cheap, general purpose micro-computing systems are
still in their infancy and are yet fairly crude and
lacking in significant power. This is particularly
true of the way in which people have to interact with
them. The graphic quality of output, based as it
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usually is on a stark, single upper-case type font
of poor definition is often much lower than we are
accustomed to in other areas. This doesn't have to
be the case. Input to computers is almost always
through keyboards with very little use being made of
devices such as light pens, joy sticks and "mice",
which, in many cases,are more appropriate and easier
to operate. The languages of interaction with which
we communicate with the machine are also often primi-
tive. Seldom do they offer convenient aids in learn-
ing them,are usually intolerant of any "mistake",
rudely insisting that they be addressed in strict
and peculiar ways, and they do not easily admit to
modification to correct their annoying features. 1In
fact, a computer usually has to be treated rather
like a spoiled child from whom any desired, out-of-
the-ordinary behavior can be obtained only by those
who are very familiar with the brat or who love it
as a mother and are therefore blind to its short-
comings. This is not to say that there have been

no important achievements, for clearly there have
been, but we still have a long way to go before most
people find micro-computers to be friendly, useful
and easy to get along with. An indication of what
is possible in this regard is seen in Alan Kay's
Dynabook Project at Xerox. The aim of his Learning
Research Group, as outlined in Personal Dynamic
Media, is to develop a computer the size of a note-
book that rivals in power some of today's biggest
computers. A Dynabook would have visual output of
at least "higher quality than what can be obtained
from newsprint. Audio output should adhere to
similar high fidelity standards."” A Dynabook could
be owned by everyone and used "as a medium for expres-
sion through drawing, painting, animating pictures,
and composing and generating music", as well as
handling many more mundane information processing
tasks. The fact they have already made great
progress gives credence to the achievability of their
goal and is a tribute to what the combination of
talent, hard work, and money can accomplish.

Exclusiveness

Micro-computing is much more accessible to average
people than conventional computing, but still has in
some ways the same exclusive cult feeling about it.
For example, informal observation reveals that the
overwhelming majority of active participants are

male. Why is it that more women are not imvolved?

Is it because machines are inherently more interesting
to men, perhaps women receive cues that they are not
wanted in the area? The simple fact that it is already
so male-dominated may be sufficient to intimidate many
women from participating actively. That the disprop-
ortion is not as pronounced among young enthusiasts
could be sign of change, although perhaps computers
appeal to the adolescent in us and men stay adolescent
longer. Reducing sexist and other forms of bias and
involving a wide variety of people is important in

the development of micro-computing. A range of consi-
dered viewpoints will tend to protect against the
growth of a widespread technology that serves only the
interests of the small group of its creators.

The sources of discrimination and exclusion are proba-
bly deep-seated in our culture and so cannot be removed
quickly. However, there are some fairly obvious mech-
anisms that can be seen at work and dealt with. One

of the cléarest is the way that jargon is used. Any
advanced technology needs specialized language in
which to express the notions that are peculiar to it.
However, at the same time, and quite unconsciously, it
also serves to exclude those who are not initiated

into the circle (Figure 2) and reinforces membership
for those already in. Deliberate avoidance of unneces-
sary jargon and careful explanations for novices will
do much to broaden participation in this important
field.

V. THE CHALLENGE TO COMPUTER AMATEURS AND OTHER PIONEERS

It is hopefully clear from what has preceeded, that
micro-computer technology, though suffering from some
major drawbacks, has a number of positive features

to recommend it for wide-spread, human scale use in
society. It is very likely to have an important impact
on society and how it is shaped now, in the critical
period of its infancy, will have long-term consequences.
One group of people who will influence the course of
development and who are in a position to exercise some
choice over its direction are the computer amateurs.
There are two main reasons why this is so. The primary
reason is that computer amateurs are the first major

~ group in the general population to have significant

computing devices in their homes. It if catches on,
the market would be enormous and so major manufactur-
ers will be watching closely to see what happens to
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get an idea of what will sell. Behavior patterns,

in terms of purchase and use of micro-computer systems
will establish trends that will continue for some time.
Hopefully high standards will be set during this early
period when the market is still forming. If people
insist on'quality systems that are reasonably powerful
and self-contained, that give the user flexibility and
choice to implement interesting, constructive applica-
tions, then the result will be quite different than if
people tolerate the Introduction of crude pre-packaged
systems of narrow imagination and usefulness into
their homes.

The second reason that computer amateurs can influence
the evolution of micro-computer technology is that
they have the time and freedom to explore interesting
avenues of approach. They are not bound by having to
‘make money from the end product so they can try many
leads before achieving a really significant result.
For instance, an amateur computerist could enjoy spend-
ing a great deal of time collaborating with a musi-
cian on a music system before coming up with a version
that was truly exciting. Almost incidently it could
be made available to many others at very little cost.
In other words, computer amateurs represent an impor-
tant pool of inexpensive research talent and possibili-
ties.

One consequence of the influential role computer
amateurs occupy at the present moment is that they
have social responsibility to others to use their
position wisely. This responsibility comes from
the fact that the actions of computer amateurs
could have a significant effect on other people's
lives and is independent of whether they actually
choose to acknowledge the responsibility. This

is one of the reasons that the term "home and
personal computing" is more appropriate than
"computer hobbyism" for what computer amateurs do,
even though many regard it as a hobby. Because
it has major social consequences it is not just
like any other high technology hobby. "Computer
Hobbyism" is simply the thin, leading edge of the
much larger field of "home and personal computing".
The challenge to the amateurs and other pioneers
in this field is to accept a share of the respons-
ibility and work actively to ensure that the
micro~computing for home and personal use grows

in humane and positive directions.

VI. WHAT TO DO?

If the argument has been accepted so far, the question
now is: "What does one do about it all?" .To answer
this question directly is very difficult so what
follows here are some suggestions for things that

can be tried, rather than "answers". They are
tentative and sketchy, at best, but should provide

a good starting point.

Research and Discussion

One obvious step is to find out more about the whole
area of computing and its social implications. Two
baoks that can help in this area are Computer Power
and Human Reason: From Judgement to Calculation by
Joseph Weizenbaum and The Conquest of Will:
Information Processing in Human Affairs by Abbe
Mowshowitz. Other suggested works are listed in
the bibliography section. Discussions with others
will also serve to expand the base of knowledge

and refine viewpoints. Try to keep a broad view

of one's activities so that technical considerations
are balanced by human concerns; so that people
don't get lost in all the bits, bytes, and bauds.

Follow Schumacher's four principles

The criteria of smallness, simplicity, capital
cheapness, and non-violence serve as a useful guide
in developing both hardware and software systems.
In creating new hardware components other people
with similar needs will benefit most if the design
is kept simple and inexpensive. With software
development, concentration on high-quality, well-
documented, transportable programs, though quite
difficult to achieve in practice, will likewise
result in widest benefit. Programs should treat
users well by being polite, by providing learning
.aids, good error handling and clean interfaces.
Increasing the sophistication of programs in this
way may require considerable extra effort and
contradict to some degree the aim for simplicity,
though . imaginative approaches are often able to
overcome dilemmas of this nature. If a program

is worthy of the attention of other people soft-
ware exchanges and publications like Dr. Dobb's
Journal are a good way of making it available to

them cheaply.
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Build on existing cooperative and sharing enterprises

The social and organizational settings in which
micro-computer technology is developed and used
will define precedents of some lasting effect.

If the work is done in an environment of relaxed
and open exchange of information by people in small
local groups that are in close communication with
each other, then the results are likely to be more
humane than if it is done in a competitive and
secretive atmosphere. Computer clubs that are
sprouting up everywhere are good starting points
because they provide an opportunity for people
living in the same area to get together to share
experiences, exchange ideas, software and the like.
Club newsletters are a valuable means for keeping
members in touch with each other, and trading them
between clubs expands the communications network
even further. Computer amateurs have of course
their own novel communications media at hand and so
direct computer-to-computer link-ups may prove
useful and at least interesting.

Major publications such as Creative Computing,
People's Computer Company (PCC), and BYTE serve
a similar function of information access and
exchange on a broader level.

Work with non-computer people

Computers are too important to be left entirely
up to computer people.

A very important step is for non-computer people

to be involved with the development of micro-
computer technology. By this is meant people whose
main motivation is to do something particular,

such as draw a picture, make music, organize and
share information, say, and look upon a computer

as simply one, of perhaps several, tools for accomp-
lishing their objective. Computer people on the
other hand (to take an extreme view), look for things
they can use their computers on. They love their
machines and the actual process of using them,
rather than the end product. As a consequence these
two groups have very different approaches. The
computer person can explore wild and fantastic

uses and show what the machine can do. Their vision
is limited by what they perceive to be the bounds
imposed by the machine. Non-computer people will
bring them back to earth and supply interesting
ideas that go off in quite different directions and
which push hard on the limits of what the technology
is capable of. The results of the interaction of
these two forces should be excitement and conflict.
It will no doubt be difficult at times but is quite
vital to the health of micro-computing. Growth by
incorporating a variety of perspectives is essential
to avoid repeating the mistakes of conventional
computing that have resulted from computer people
being given too much unbalanced influence.

There are two important requirements that must be
satisfied if this collaboration is going to work.
Firstly, it is obvious that the two parties are
going to have to be able to communicate effectively
and this will require a form of commonly understood
language. Each will have to learn a little of the
other's terminology and at the same time reduce
their own use of special jargon. It will take

some time before this gets smoothed out. The second
need is for the non-computer person to be able to
communicate with the machine in a language that is
natural to use and which can express the notions
peculiar to the particular application. To start
with the computer person will probably act as a
go-between but in many cases the lack of immediacy
will be unsatisfactory and a special language for
direct communication will have to be implemented

on the machine. This too can be expected to take
much time and effort. 1In short then the message

to the concerned computer person is to get involved
with individuals or small groups, (artists, musicians,
writers, teachers, business people, cooperatives
that one supports and work with them on mutually
rewarding projects. The going won't be easy but

it will certainly be stimulating and. contribute
valuably to the future positive and beneficial use
of computers.

Suggested Applications

Hand-in-hand with these non-computer people there
are a number of promising applications that are
worthy of attention. Some are conventional
applications that can be adapted to a smaller scale,
while others are fairly innovative. Many have
already been tried in one form or another, with
varying degrees of success.
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Design

Many small projects involving design (e.g. boats,
solar energy, insulation, etc.) require calculations
appropriately done with a micro-computer. For
example in Ontario a van equipped with a computer
goes around to small businesses and helps determine
the insulation needs and potential energy savings.

Process control

A small machine shop may be able to use a micro-
computer based process control system to permit the
easy set-up of relatively small production runs

and the convenient incorporation of custom modif-
ications. The savings in re-tooling costs could
allow the shop to remain competitive with larger
operations.

Bookkeeping

Small businesses, theatre groups, farmers all need to
do a certain amount of bookkeeping and often have
neither the time nor inclination to do it themselves
nor the money to hire someone else. A simple micro-
computer based accounting system may be just what
they need. 1In Canada, the government provides an
inexpensive nation-wide accounting service to farmers.
There is no reason why this sort of thing cannot be
done on a local basis with a small computer.

Aids for the handicapped

Handicapped people, particularly those who are blind
or deaf, need to have sensory information converted
to a different form before it can be perceived. A
small microprocessor unit could be very appropriate.
Also some deaf people, because they cannot use the
telephone in the conventional manner already have
teletypes in their homes so they can communicate with
one another. Adding computing power to their termi-
nals could make them more useful and interesting.

Art

The potential for application of small computers in
the arts is very broad. Computer-based "music-boxes",
animation, stage-lighting, sound synthesis, graphics,
poetry have all enjoyed a measure of success.

Games

Games are fun and, if designed with care, can be
educational - not only for the programmer but also
for the player. Gaming is probably the area that has
received most attention from computer amateurs and
there are already plenty of games around. A great
number of these are one-person conflict games and
there seems little need for more of them. Games that
involve several people, that depend on cooperation

or negotiation, that teach useful skills or encourage
the understanding of important processes would all

be worthwhile and provide balance to the scene. Game
scenarios could be taken from realistic situations
such a ecological systems, government, mathematics,
land-use, physics, transportation and so on.

Information/Communication

Many small organizations have filing systems that
would be greatly improved through automation, if it
was sufficiently cheap. Not only would the routine
up-dating chores be much easier, but wider access to
the information in the files would be facilitated.

Richly cross-indexed directories and catalogues would
be produced quickly and more frequently. Mailing
lists, in particular, are a prime candidate for this
type of application of micro-computers. Exciting
possibilities open up when systems of this kind are
set up that allow direct access by a whole community
of users. People can not only get out previously
stored information but put their own in as well. The
system thus serves as a memory and commnications medium
for the community. In fact, the first two prototypes
were called "Community Memory". The original one
operated in the San Francisco area and was later
"cloned" to Vancouver with the help of the author.
Both versions used large time-sharing computers and
work is now under way on stripped down versions that
will run on portable micro-computers.

This list of suggested applications is quite incom-
plete and unspecific, but it does give an ideas of
some of the things that an individual or group with
time, energy, and a small computer in their hands
could fruitfully undertake. They all represent
promising steps in the development toward a humane
and powerful technology.

VII. CONCLUSION
To return to the question posed originally, "If small
is beautiful, is micro marvellous?', the answer must
be:

Now? "No!",

But perhaps "Yes!'!", if we make it so.

o~
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THE COMPUTER IN SCIENCE FICTION

Dennie L. Van Tassel
Computer Center
University of California
Santa Cruz CA 95064

Since the computer is so ubiquitous in our life
it is not surprising it is a ccmmon character in
fiction and poetry., The main thrust of this article
is about computers in literature, but T will mention
a couple robot books for those interested in robots.,
There are several common motiffs in ccmputer related
literature. The first is the computer run society.

Ccmputer Fun Society

In This type of story the whole society is run
by a computer. Lopert Heinlein's ZThe Moon is a
Harsch Mistress is an excellent bcok about a colony
on the moon which 1is rum by a friendly computer.

Heinlein's book is unusual because the computer is

good. Heinlein's other books are somewhat computer
oriented and are all good, especially IZime Enough
fcr Love.

Usually the computer is evil. D. F. Jones

has two books Colussus and The Fall of Colussus. In
these books the computer ruthlessly runs the world.

The book was also made into a movie called The
Forbin Project. Kurt Vonnegut's Player P2iano is
abcut a society where all work is done by machines

and only the privileged all allowed meaningful jobs.
Everyone else 1is reduced to make-work and welfare
program,

In Ira Levin's This Perfect Lay we again see a
computer run society which is very unpalatable to
humankind, In lLevin's book the computer completely
ccntrcls everyone, including their work, sex, and
friends by a combination of drugs and surveillance.
One more story along this line is E, M, Forster's
"The Machine Stops", where we have a computer run
society and people have no control over how it is
run and even forgct how it was started. In this
story the computer tries to be a benevolent despot
and fails. :

Challenging the Gods

The next commcn motiff is humankinds attempt at
something previously forbidden, and failing. Lixke
the old myth -- if you challenge the gods you are
gcing tc get it in the end. 0ld books that fall in
this motiff are Frankenstei (must reading for
ccaputerniks) and Capak's play R. U, R. Next we
have Michael Crichton's excellent book The Terminal
Man. Some doctors install a computer in a mentally
sick man's head to contrcl him, Everyone gets what
they deserve in this fast moving book. Crichton's
other books are excellent too. The opposite is done
in Enslaved Brains, by Eando Binder, where human
brains are implanted into computers to control the
machines.,

-Humor

Humor is rather rare in literature and lifs put
there 1is some good computer humor, The Tin Men
Michael Frayn is about a computer research institude
where the researchers try to write literature,
simulate sex and sports, and teach a computer some
ethics. The book is very funny and one might even
think of some known research institude when reading
the book. Another humorous book is John Barth's
Giles Goat-Boy, which takes fplace on a large college
campus, where opposing sides, using computers, war
fcr control of the campus. In David Gerrold's When
Harlie ¥as 0Qne we find an adolescent computer with
all the humor of an immature genius.
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The Computer in Fducation
The fictional computer assumes various

pcsiticns in education. In "Cybernetic Scheduler"
by Edd Doerr, (in Van Tassel's TCC) a computer is
given responsibility for scheduling all teachers and

classes, But chaos develops when the computer
informs some of the teachers they are unsuited for
teaching and should in fact be taking classes
themselves, In addition students are advised to
change majors ard drop out of school. In E.C.
Weir's "What Happen to the Teaching Machine" (in
Lewis's OMAM) people have <forgotten how to ask
questions because of teaching machines. In Isaac
Asimov's "The Fun They Had"™ (in Asimov's SSFI)
school <children do not go to school, but stay home

with their teaching machine.
wonder what it
other children.

Two lonely children
was like to go to school with many

Computers in Sports

Computer use 1in sports 1is rather rare in
literature, But there is a gcod humorous book, The
Last Man is Qut by Marvin Karlins, where we 'find a
ccmputer run baseball team. The Electronic
Ly Hal Higdom is another book about computer use 1in
sgorts.

h good anti-machine book 1is Samuel Bulter's
trewhon. In this book written in the 1890's a
society destroys all machines less machines dominate
humankind. In The Tale of the Big Computer by Olof
Johannessen, we have a society where computers are
the dominant species and the computers gives its
view on the historical place of humankind.

Other Books

There are several other books besides this
have some computer related fiction.

one

t hat Groff

both computer and robot fiction. Damon Knight's The
Metal Smile is a similar antholoyy. The Compleat
Computer by Dennie Van Tassel is textbook reader
about computers which contains both nonfiction and
fiction, includiny some computer related poetry.
Fcbert Baer's The Digital Villian is a nice 1little
book which has a section on computer related
fiction. Computer, Computer, Ihe
Computer in Fiction and Verse by Dennie Van Tassel
is an anthology devoted entirely to computers in

fiction and verse. This book also contains some
songs trom the IBM songbook, which was used the
1540's,

Of Men and Machipes by Arthur 0. Lewis Jr.,
is an anthology aktout human beings relationship with
machines. Finally check Marcia Ascher's
pibliography at the end of this chapter. Many of
the following hooks in my bibliography have been
through both hard cover and soft cover editions but
I will mention the edition I have.
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COMPUTER POWER TO THE PEOPLE: THE
MYTH, THE REALITY AND THE CHALLENGE

David H. Ahl, Publisher
Creative Computing
Box 789-M

Morristown NJ 07960

The following is a lightly edited tramscript of a presentation
originally given at the "Man and the Computer" symposium at
Dartmouth in December, 1976. Modified versions have also been
given at several other educational and hobbyist conferences.
Some 80 slides and graphics are used in the live presentation
most of which, unfortunately, cannot be reproduced here.

INTRODUCTION

We all know that computers are around us, they're invading
our lives along dozens of dimensions. We see them in super
markets - the little product code that you find on the side of
virtually every food and grocery product you buy can be read by
an optical scanner connected to a computer. Computers in
department stores - a little '"magic' wand, actually a tiny
laser device, reads a product code from the tag. Medical
facilities - hospitals frequently keep all their patient
records on computers. When you're admitted you often undergo
some kind of questioning process. One psychiatric hospital
out in Utah takes the entire patient history, and in fact, does
the preliminary diagnosis of all entering patients by means of
an on-line computer program. College admissions, for instance,
Fort Lauderdale Community College, and hundreds of others use
on-line computers. Every time you pick up the telephone and
dial it you're actually using the largest general purpose com-
puter in the world - the switched telephone network. Magnetic
ink character recognition in the bank; sports stadium score
boards; and so on.

My premise is that now, some 30 years or so after the inven-
tion of the computer, it's having a tremendous impact on our
lives. It is having an impact on our lives similar to what the
printing press did, but instead of taking some 400 years to make
its effect known, the computer is having a vast effect in some-
thing like 20 or 30 years. We just can't escape it. So some
thirty years after the invention of the computer we decided it
would be a nice idea to find out what people think about com-
puters. Do they view it as a master, a slave, a dictator, a
monster - in fact, do people really understand what the computer
is all about and what it's good for? We took a survey among
both adults and young people with 17 different questions. We
posed  statements and asked them "Do you agree with this state-
ment or disagree?'" and got their responses. We also had some
open ended questions and we continue to ask people open ended
questions. Like, "If you had a computer in your home, what
would you do with it?"

THE MYTH

First of all we asked some questions about what you might
call the quality of life. Did people feel that the computer
was going to improve various facets of society? Well, for the
most part, there was pretty good agreement that computers would
improve education somehow, a very substantial agreement that
computers would improve law enforcement, a little less agree-
ment, particularly among younger people, that computers would
improve health care; and some agreement that computers are
worthwhile for prevention of fraud through credit rating data.
This last one is interesting. The question was asked in the
AFIPS/Time Magazine survey just .four years before this one; the
percentage of people that felt credit checking was a good
application dropped from 74% to 64%, so 10% more people today
have some doubts-in contrast to four years ago. I guess in
four years many people have gotten stung in one way or another
by credit ratings or other foul-ups.

We asked some questions about the threatening nature of com-
puters. Do you feel you can escape the influence of computers?
Well people for the most part felt that they couldn't; a sur-
prising number of young people felt they could - I'm not quite
sure where they were going to go to do it, certainly not the
United States. There was some feeling, particularly pronounced
among west coast respondents, that the computer could influence
the outcome of elections. Senator John Tunney of California
was one of the biggest critics of the use of computers to fore-
cast the outcome of elections. Senator Tunney, if you'll
recall, was defeated in November, 1976. I'm not sure if com-
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puter projections had anything to do with his defeat but, in
fact, his fear was that by the time the voters went to the
polls in the western states the major national election was
locked up. In 1976 it wasn't quite locked up by the time they
went to the polls, but frequently it is and therefore' people
may say ''why bother'" or ''gee, there's a bandwagon; I want to
get on it and vote for the winner.'" Or, "I was going to vote
for the other guy, and he has lost, so I can't be bothered
going to the polls.'" Well that may not affect the outcome of
the national elections, but it has a tremendous affect on the
outcome of local elections and local bond issues. So, John
Tunney at least was pretty upset about using computers in the
forecasting of election results.

"Computers dehumanize society by treating everyone as a num-
ber." On that statement we had some ambivalence - some people
agree, some people disagree - certainly a substantial number of
people are a little bit fearful and do feel like the computer
is dehumanizing things by treating them as a number.

We asked five questions to get at whether people understand
the role of a computer. Do they really know what it's good for
and do they know its applications? One of those statements was
""Computers are best suited for doing monotonous, repetitive
tasks.'" Well 80% of the adults agreed with that although only
67% of the young people did which gives rise to the hope that
young people can see that computers are good for doing more
than just dull, repetitive tasks. Are computers a tool? Yes -
a pretty substantial agreement that they are a tool. I think
that's a good thing. But I think it matters a lot whether
people view it as an intellectual tool or whether they are
thinking of it as a plain, ordinary tool such as a hammer, for
example.

- -
- STATISTICAL RESULTS OF E
- SURVEY OF PUBLIC ATTITUDES -
'=' TOWARDS COMPUTERS IN SOCIETY -
= =
E ADULT (N=300) YOUTH (N=543) E
= Swongly  Strongly  Strongly  Strongly =
- orMostly  or Mostly  or Mostly  or Mostly ==
- Agree Dissgree Agree Disagree -
= =
E Computer Impact on the Quality of Life E
= +C will improve ion. 86.6% 5.9% 84.2% 45% ==
== « Computers will improve law enforcement.  81.9 33 70.0 10.1 -
==« Computers will improve heaith care. 78.6 53 54.1 18 -
== * Credit rating data banks are a worthwhile 64.2 134 64.0 76 -
=  useof computers. =
= £
E Computer Threat to Society E
== * A person today cannot escape the 916 4.0 66.8 127 -
- influence of computers. E
E « Computer poils and predictions influ- 48.1 275 44.2 26.9 -
- ence the outcome of elections. -
== * Computers dehumanize society by treating 37.4 50.3 399 308 -
- everyone as a number. . -
== * Computers isolate people by preventing 18.7 625 209 425 -
E normal social interactions among users. E
s —
=0 ing the Role of C =
E « Computers are best suited for doing 80.0 103 57.0 218 -='
- repetitive, monotonous tasks. -
==« Computers are a tool just like a 726 14.7 613 234 -
- hammer or lathe. -
== * Computers siow down and complicate 176 66.4 174 68.8 -
- simple business operations. -
= - C will replace low-skill jobs 710 16.0 618 144 —
E and create jobs needing specialized -
- training. -
== « Computers will create as many jobs 625 164 40.0 29.1 E
- as they eliminate. -
= =
= Understanding of Computers . I
== * Computers are beyond the understanding 25.2 618 308 49.2 E
== of the typical person. =
E « Computers make mistakes at least 10% 9.6 76.7 103 60.0 -
- of the time. -
o= -« Prog s and opx make 67.0 19.3 723 133 -
== but computers are, for the most part, -
= error free. E
== -« itis possible to design computer 60.2 26.4 48.6 15.9 -
- systems which protect the privacy of -
= data. . -
- 1

SHHNNNNnnnuRnRnnmnunuunnnmnnmn=s

Do computers slow down and complicate simple business oper-
ations? Some people felt that they did - I'm not quite sure
who. There's a substantial agreement that computers are going
to replace a lot of jobs and create jobs that need specialized
training, and some people really fear that they might not be
qualified for the jobs that will exist after the '"computer revo-
lution". Also on the jobs issue we asked whether people feel
that computers will create as many jobs as they eliminate?
About two-thirds agree but that leaves a fair number that dis-
agree. You have to remember that people have always been
fearful of any kind of industrialization or technological
breakthrough. The Luddites were anti-technology - to them the
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industrial revolution meant the machines were going to take all
the jobs. Well, it just didn't quite work out that way, and I
don't really think computers are going to take all the jobs
either.

Then we asked a couple of questions to see if people really
understand the computer itself. We first asked are computers
beyond the understanding of a typical person? The response was
mixed. At least a quarter of the people think that they are
beyond their understanding, but I'm encouraged by the larger
percentage of people who disagree. ''Computers make mistakes
10% of the time." You have to feel sorry for the 10% of the
people who do think that computers make mistakes this often.

In fact it is the programmers and operators who make the mis-
takes and not the computers. But in these questions we gleaned
a little bit of intelligence that someplace between 13 and 19%
of the people just actually don't know what's happening, don't
know what computers are all about, and don't know who's running
them. They think the computers are running the people rather
than the other way around. A substantial number of people just
don't know, which is also upsetting. So, there's a substantial
portion of our society - at least a third or so - that just
doesn't know some of the fundamental issues and facts about
computers. We asked one last question - is it possible to
design computer systems to protect the privacy of data? Well -
not even the computer designers know for sure so I don't think
we could expect much from people that we asked.

So all in all, we have some ambivalence - people optimistic
on some counts and pessimistic on some other counts and some
other things that they just don't know. The ignorance is pro-
bably most apparent when you ask someone what would you do if
you had a computer at home? A computer? What do you mean a
computer? You mean like a hand calculator? Some people
thought we meant robots. ''Well, maybe I'll have it serve me
martinis when I come home from work." They just couldn't quite
visualize a computer at home. A computer is supposed to be
something that goes behind glass doors and is on raised floor-
ing and requires a lot of electricity.'" I don't have the kind
of home that would suit a computer," said one.

.1 guess this mixture of attitudes really shouldn't be too
surprising. The every day perceptions of a computer are formed
by people in the media and elsewhere who really don't know what
computers are all about either. For example, newspapers, comic
strips, TV, and so on. For example, what does a newspaper
cover? They're going to report the computer error - the prob-
lem with the computer. For example, how many of you read a
couple of months ago about the Shop-Rite in Springfield, New
Jersey with brand new laser scanning systems at the checkout?
This was the grand opening day and they really crammed the
people in. I mean they had hundreds of people all filling
their carts with these grand opening specials. People were
lined up at the cash registers with two and three carts each
laden with groceries. Seven or eight deep at every cash regis-
ter and all of a sudden, bang, the system went down. Well, not
only did it go down but it locked all the cash drawers. So
there was no way of making change. They couldn't use the cash
registers manually. There was just no way of opening them up.
Rumors started flying around - people said, "The cash drawers
are locked; the doors are going to lock too; we're going to be
locked in here forever." And then there was a rumor that a
replacement computer was going to have to be shipped in from
Texas and they'd have to wait until it arrived! It was wild.
Finally the manager decided that the best course of action was
to give each checker a pencil and some brown paper bags which
were at the checkout position, and have them add up manually
the groceries in these laden carts. People were there for
literally hours. The interesting thing is they did not lock
the doors and more people kept streaming in. They didn't want
to lock the doors because of this panicky rumor inside the store
that if we lock the doors we might be stuck here. They didn't
want to start a riot. Well anyway the newspapers had a field
day with the story.

Most of you have heard about the frivolity out in Southern
California when McDonalds had a sweepstake. To enter, all that
was required was a 3 x 5 card of your own. Students at one
fraternity programmed the computer to produce entry forms - 1.2
million of them and then they stuffed every ballot box of
McDonalds in Southern California. They won 90% of the prizes
in the contest. McDonalds was very upset about it - they said
it was anti-American. I think it was very American; it showed
a lot of ingenuity and creativity. 1In fact, McDonalds awarded
duplicate prizes to people that were not members of this con-
spiracy to defraud them. The winning fraternity invited Ronald
McDonald to make the prize presentations over at their frater-
nity house for dinner, but he declined the invitation. Actu-
ally, Burger King got the best publicity out of this. They
gave a $3,000 scholarship to the university in memory of the
prank. Again, the newspapers had a wonderful time blaming the
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whole thing on a computer.

A college student at the University of Arizona insured the
life of his guppy. He put down all the correct information on
the mail order insurance form - height 3 centimeters long,
weight 30 centigrams and so on. It died of course, as most
guppies do, some four or five months later. He submitted a
claim for $5,000 which was what he had insured it for. The
insurance company said it was an invalid claim - the computer
made a mistake by accepting this party. Well the computer
hadn't made a mistake - it was a programmer who hadn't allowed
for somebody that was 3 centimeters high. It wasn't the com-
puter. But the newspaper, how did they portray it. Sure -

"another computer error.

In Swansea, Wales, a young man of 17 applied for a drivers
license and passed his test shortly after. But when his 1i-
cense arrived, it bore 12 endorsements for a whole array of
driving offenses, plus a 28-day driving suspension. Police
proved sympathetic when it was found that ''the computer at the
license office had run wild. The system has not been operating
for long," said an official.

There was a cute little notice printed recently in the
Chicago Tribune. ''A COMPUTERIZED bill had this notice on the
bottom: Failure to receive this bill is no excuse for non-
payment of the amount shown." Why capitalize "computerized"?
Does that mean the computer printed that notice on the bottom
of the bill. As if the computer could have made that up out
of the blue sky? The computer is the scapegoat for the post
office now - that's what's really happening!

A woman in Shreveport, La. got a gas bill for $42,474.58.

A customer representative at Arka Gas Co stated, '"the computer
went haywire and some of those bills got out.'" Computer error?
Hardly. Good for the newspaper? You bet!

Movies are another way that people form perceptions of the
computer. For example, in 2001, remember when Commander Bowman
finally gains access to the memory banks after Hal has been
harrassing him for half the trip and he yanks out the circuits
one at a time. Finally, Hal breaks down as Bowman performs the
first successful interplanetary lobotomy. The movie Colossus -
have you seen that one? Colossus 'wakes up'" and gains sen-
tience very much like the computer did in Heinlein's book, The
Moon Is A Harsh Mistress. Well, Colossus gains it while it's
hooked up to its Russian counterpart. The computers are in
charge of the National Defense Systems of both countries and
the two computers decide between them that it would be kind of
neat if they held the population of both of their countries
hostage. A movie that will be coming out shortly called Demon
Seed has a computer in it, Proteus IV (appropriately named)
equipped with an ominous blue arm enforcer with which the com-
puter keeps people hostage, mainly Julie Christie in the movie
(that probably makes it worth seeing even if you don't like
computers). Three movies and three impressions of computers -
all false.

Some people get their images of computers from books (not
too many because not too many people bother to read books any-
more). Science fiction writers are probably the one group of
writers in the country that are portraying future computers
uses reasonably realistically and making some half decent spec-
ulations. Unfortunately, very few people read science fiction
so we don't have to worry about many people getting a realistic
view of computers from that source.

So, consequently we know a little bit from the survey what
people think about computers and little bit of how these impres-
sions were formed from my rather incomplete discussion of it,
but I think you can fill out the missing pieces. We know too
that if we ask the average person what would you do if you had
access to a computer or if you had a computer in your home he
really doesn't have a very good idea. In fact neither do
many professionals or manufacturers. The fact is that we're
really not very good a forecasting the future. We really can't
and never have forecasted future technological innovation or
invention very well.

Back around the turn of the century who would have fore-
casted life today as it actually is? In those days the best
guess of what the Panama Canal would be was a railroad pulling
ships across the isthmus. Back in those days it probably seemed
reasonable. I'm sure if the Wright Brothers had asked the
drivers of ox carts what they would do with an airplane, they
probably couldn't have given them a very good idea. Henry
David Thoreau, one of our leading philosophers commented when
he was told that the telephone would permit people in Maine to
talk to people in Texas, "but what does a man in Maine have to
say to a man in Texas?"

THE REALITY

It's pretty clear that we can't forecast 70 or 50 or prob-
ably even 30 years very well, particularly with a high tech-
nology item such as a computer. So let's just look 5 to 10
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years into the future. Even so, we can't foresee exactly when
everything is going to occur. We would certainly expect that
processor instruction speed would continue to increase very
rapidly. Packing density will also continue to dramatically
increase. Currently, we are within two orders of magnitude of
the human brain. Actually, the theoretical limit for semi-
conductor devices is packed more densely than the human brain.

DIGITAL CAPACITY AND COMPUTING
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Coupled with miniaturization, prices are rapidly falling.

Let me tell you that more than one manufacturer is a little
bit alarmed at the projection of hardware prices approaching
zero. The indication is that as the prices come down the num-
bers of units sold go up very dramatically. This applies not
only to calculators but to computers as well. What happens as
prices come down? What do you think the value of this ratio is
today? ’

Cost to program 1 line of code

Cost to execute 1 line of code

One hundred to one? A thousand to one? Ten thousand to one?
Wrong. IBM says the ratio is 100 million to one and that was
two years ago! Given the current increases in processor speed,
it's probably a lot more than that today. What that indicates
of course is that the human element is by far and away the most
important thing in computers and technology today in making
them all work. h

So what does all this mean when you put all this technology
together? Well, obviously it means smaller terminals, terminals
that fit in your pocket. Sophisticated and very small color
video cameras. Calculators with as much power as a computer of
20 years ago. Hobbyist computer kits that are within the price
range of a quarter of the households in the U.S. Close to
30,000 hobbyist computer kits have been sold as of the end of
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1976. Technology means people talking to other computers and
terminals or new high speed terminals or plasma panels that are
built into your phone. A panel that can be written on with a
light pen or typed on; or display information from a computer,
data bank, directory, or from local storage. '

Today there are over 100 manufacturers of personal computers
and periperals. At Creative Computing we can't possibly keep
up with all the new product announcements for new hobbyist
computer kits and peripherals. = We started a new product section
in early 1975 and the hardware portion was about one page. In
the Jan/Feb 1977 issue it ran 9 pages of close spaced descrip-
tions of new hardware. It's a revolution. Two hundred computer
stores open now and a new one opening every four days. Retail
computer stores where you go in you can buy yourself a micro-
processor, a computer kit, or peripherals.

Extensible, user defined, simple languages are being devel-
oped. Harvard has a new language called ECL. It's not like
today's simple language, say Basic or Logo. ECL doesn't use
constructs that have to be absorbed into your intuition but
rather you use concepts that are already part of your intuition,
part of your language and then you construct the computer lan-
guage out of that. Whether you're a banker, a baker or a pro-
fessional programmer you can produce a computer language that
does exactly what you want.

Out at Xerox Palo Alto Research Center they've got a thing
called the '"Dynabook'". The original idea was that Dynabook
should in every way be better than a book. It can display
printed pages on its screen: black on white, white on black,
red on green, etc. It can display pages in any style and size
typeface. If you have some visual problems and you want a page
in large type, it displays it in large type or for reference
material it can use very small type. Not only can you read
things but you can write things on it. You can just draw a
circle around a word and move it to someplace else with a
little arrow and the computer moves it for you. You can edit
your material from a keyboard if you'd rather. You can 'strike
over lines and they disappear. The next eime you push a button
you get all you text nicely justified on the screen. Actually,
it's better than a book in every way because you read it, you
can write it, and you can change it. It's also better from the
graphical sense. It would be nice if the illustrations in a
book could move (kids love little pop-up picture books). The
illustrations on Dynabook can move with full animation. In fact
not only can they move the way that they're programmed to move,
but if you'd like them to move in some special way, you simply
take your light pen and draw over the illustration and let the
computer sequence through your frames. This is reality. This
is here today. It's not quite the size of a book today; it's
about the size of 3 bread boxes, but it's not going to be too
long before it is the size of a book. In addition to having
book qualities, it's also a general purpose computer with the
ability to do parallel processing on eight different levels.
When you think of it, that's the way human beings think. When
I'm walking alone, for example, one part of my brain is thinking
about putting ome foot in front of the other, another part is
thinking "it's cold out I'll be glad when I can get inside,"
another part is thinking about the speech I'm going to give
tonight, still another is thinking about the beer that I'll
have later on and so on. So your brain is processing infor-
mation on a parallel basis all the time. Well, wouldn't it be
nice if you could have a computer that could do that too and
have the output of one level serve as the input to another.
That's precisely what Dynabook provides. It's a phenomenal
machine. 1I'd like to think that within 10 years it will be as
commonplace as the pocket calculator is today.

{Video Disk ;

jhfj

Magnetic Video Disk Ram Cheracter
Recorder Adapter Memory Generator
Micro-
Procsssor
Intemal Processing

Future Home Computer System

I feel one of the keys for getting computers into the home
at least is the widespread availability of cheap high-quality
software. One possible vehicle for bringing this about is the
video disc. Quite inadvertently, a stroke of luck perhaps, the
storage technique employed by the disc is binary, or digital.
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Just ‘what's needed for a computer. So while the player will be
brought into the home for entertainment, it's real power lies in
he fact that if you couple the video-disc system with a micro-
processor and keyboard you have incredibly powerful audio/vis-
ual/computational{fducational/recreational device. One video-
disc can store 10"~ bits of information, the entire encyclo-
pedia Brittanica for example, or a very comprehensive software
library. You could have Jackie Stewart introducing the Monaco
Grand Prix, taking you on a pre-recorded ride around the circuit
and then turning the controls over to you. Or Kirk handing you
the controls of the Enterprise just as the Klingons are about

to attack. Or Fran Tarkington coming off the field putting you
in as quarterback in the Super Bowl.

THE CHALLENGE

There's no question that in 5 to 10 years solid state and
realted technology are going to put some fantastic things well
within the reach of everyone who wants them. It's equally
clear that most people have little idea of what they'd do with
a computer if they had one. Hence, we have quite a chasm
between the insiders (those who have learned about computers
from school, work, or hobby) and the outsiders who don't know
much about computers and don't really care (today).

It would be nice to think that this chasm could be bridged
by education (like the new math or metric system?), but it's
not likely that schools will really face up to computers until
every kid has his own (pocket calculators all over again).
Business and industry are so wedded to large EDP Systems with
most DP Managers pretending that microcomputers are just toys,
hence we can't expect any help from that quarter. Most likely
it will be the people, plain ordinary folks, who see a friend
with a computer and decide to get one of their own. And as
this increasingly happens, we're going to have the most massive
domino effect you ever saw - calculators and CB move over -
you ain't seen nothin' yet. Computer power to the people is on
the way!
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PSYCHOLOGY AND THE PERSONAL COMPUTER

Kenneth Berkun
928 J Street
Davis CA 95616

Computers are useful as tools not just as
an end in themselves, but also for two other
reasons 1) for teaching or doing things
(applications) and 2) for what they can teach
us about mankind (womankind)., 1T will discuss
only breifly the first area, applications, and
will spend the majority of my time on the second
and perhaps more theoretical area of computers
providing insight to people.

The study of psychology and applications
of psychology do tie in to conmputers, and
speecifically they can relate to micro-coamputers
in the home and in school. For instance, the
famed programmed text developed by B, F, Skinner
which lead to his invention of the teaching
mwachine. A modern example of the teaching
wachine is the computer. This is evidenced by
the success of the Plato systen,

A micro computer in the home could be
supplied with a bunch of lessons in prom plug
in packages, and everyone being such good little
students would flock to use them. They might
also be networked with a central processor for
record keeping.

Then there is a more esoteric aspect, that
of computer counselors. The most famous example
of that is Joseph Weisenbaum's program Elizah,
and its "Doctor" version., This program simulated
a Rogerian tnerapist and his active listening
approach when talking over a terminal with a
person., Very effective, Sort of frightening
too., his views on the program are chronicled
in his book "Computer Power and Human Reason".

And conmputers have one other advantage in
the educational system than say textbooks,
they're different, and fun! They hook people
so that you want to use them. Flashing lights
and buzzers may not be necessary but they sure
are exciting., So kids may do much more work on
a computer than they would anywhere else. This
is a major advantage, at least until they become
so common place as to be boring.

Now I will discuss the second area,
computers as an insight to human bLehavior,
Basic to this is the question of why study
human behavior, or why 1is human behavior
important. This is not the place to discuss
that, 1 will assume that it is iaportant. 1If
you felt it is not, then you probably wouldn't
be here.

One thing that we've all noticed in
conputers is that at times they behave very
differently, for instance, sometimes they seea
almost parental, scolding us for our errors,
and billing us for their time, kicking us off
for exceeding limits etc.

At other times it is very serious and gets
the work done very efficiently, like a person
who is reasoning with logic and care. And
sometimes it just goofs off messes around and
nothing seceas to work, or it literally plays
games like a kid! Looking at that 1 see three
basic ways humans behave, emulated on their
most human technological development .

This is important because it points out

| how man seems to be a technolopgical creature by
nature, and society does influence technology
and vice versa.

There are a lot of similarities between
computer operation and human function. Tt is
interesting to note how systems are designed
that way. For instance human thought processes
run very similarly to timeshare systems, as far
as central processor design., Also humans have
the original interrupt system, as demonstrated
by the “cocktail party" effect. 1/0 is also
nandled similarly, for instance by "polling".

With the advent of the micro couputer we

—— [
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see a new emergence of the compulsive programmer
or hacker. These are also described in Joseph
wWweizenbaun's book. Now they can live with

their couwputer eat with their computer and even
sleep with their computer, But is that any
different than say, the compulsive mechanical
tinkerer, the kam of the early 1900's, or even
the alchemists of medievel days!

Now how does this relate to personal
computers? Yirst and foremost it marks the
invasion of the computer into one's personal
life. Even more the Frankenstein complex is
triggered., Will computers take over the world?
Within ten years perhaps, every home will have
a computer. We need to make computers more
personal, more human and less scary, 1If people
understand and or can control them then they
won't be as afraid. Things out of our control
scare us.

Therefore 1 sce the role of the personal
computer as it exists now, the hobby computer,
as opening the pathway to general acceptance,
if not understanding of computers by the public.
Computers are a way of life, wmore so even than
T.V. ‘

Ken Berkun is a senior at the University
of California at Davis. His wajor is an
individually concieved one consisting of Computer

“Science and rsychology, and called "ian idachine

Interaction"., he is a computer operator on a
Buroughs Bb700 at UCD., he is active at the
Davis Counseling Center and the Sacramento Area
Institute for Group Treatment, where hc is in
training. Lie is currently teaching a course on
public speaking in Sacramento.
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HUMAN FACTORS IN SOFTWARE ENGINEERING

James Joyce

Computer Science Division
Department of EE & CS
University of California
Berkeley CA 94720

This is a discussion of how human factors affect software
development and integrity. My interest in this area was first
focussed by the article "Guidelines for Humanizing Information
Systems" in the November, 1974, issue of Communications of the
Association for Computing Machinery. For this discussion I charac-
terize as basic components of software engineering six aspects:

1. Human user interface

2. Maintainability

3. Portability

4. Efficiency

5. Correctness or reliability
6. Ethical considerations

Human interface, briefly, encompasses those aspects of a program
a user experiences: protocols, error messages (if any), or uncertain
silence broken only by the whirring of a fan. Maintainability is
also, in a way, an aspect of human interface, but from the point of
view of someone who fixes or modifies an existing program. Por-
tability refers to the problem of getting a program that works on
one machine to work on another. There have been many discus-
sions of portability, but they center on hardware limitations or
software techniques. I argue here that human factors impinge
directly on the portability of software.

Software efficiency has received more attention than all of
the other factors listed here -- either singly or combined. Gerald
Weinberg [1972] has argued persuasively that efficiency is as
strongly influenced by human factors as any other component of
software engineering. .

I have combined the questions of program correctness and
program reliability because they seem fraternal twin aspects of a
central source of worry: how can I depend upon the answers I get?
Yet they are separable as well. For example, that the program
actually meets all the requirements of the problem is a matter of
program correctness [Elspas, 1972], but how often the program
crashes is a matter of reliability.

The last component of software engineering to be discussed
here, ethics, is one that appears the least rooted in reality. Ques-
tioning the ethics of writing or copying software seems as ethereal
and philosophical as questions about whether the person who com-
mits robbery is the true criminal or whether the true criminal is
Society -- that is, unless you happen to be the one who is robbed.
We will examine the ethical aspects of software, particularly fraud
and copyright protection, and a possible solution to piracy of
software.

1. Human User Interface

1.1. Error 477

Perhaps the component of software engineering in which
human factors are easiest to recognize is human user interface.
Anyone who has been programming for any length of time eventu-
ally elicits as output what I call Error 477. Just what Error 477 is
remains a mystery, because "Error 477" is the entire message; and
even if there is a reference’ manual with a table of explanations of
the messages, Error 477’s explanation is as cryptic as the error
message itself.

Partly human-oriented messages, such as those by Li-Chen
Wang in Palo Alto Tiny Basic [Wang, 1976], are still at the "Error
477" level. His three error messages, "How?", "What?", and
"Sorry" are, it is true, differentiated by the kind of error condition
that evokes them. And chatty error messages would undoubtedly
swell Tiny Basic into something much larger than at present, thus
making it less available for machines with small memory. How-
ever, the program could have been quite a bit more helpful if it
had printed, in addition to the error message, a character on the
line under the Basic statement in question to indicate where it
stopped translating. Although no guarantee that the error is truly
in the indicated location, it is nonetheless quite a bit of help that
can be provided at a small increase in program size. This is not an
attack on Wang; I chose Tiny Basic as my example because I
admire the job Wang did very much. It is, I feel, one of the better
representatives of assembly level coding practices today.

Donald Knuth’s Turing Award Lecture to the Association
for Computing Machinery contains a plea that goes further than
mine about error messages; he urges programmers to make pro-
gramming languages and even control languages "a pleasure to use,
instead of being strictly functional." [Knuth, 1974] I fully agree
with Knuth’s statement, but am willing to settle for good error
messages. Objections to the effect that elaboration of error mes-
sages would consume large amounts of main memory are, as con-
ceded above, true. But just as writing a program so it will run in a
small amount of main memory is seen as a challenge, so too writ-
ing a program so that it is a pleasure to use can be seen as a similar
challenge. After all, the personal computer movement seems to
me to be an insistence that computer technology is not the private
domain of institutions -- whether business, educational, or govern-
mental -- but is available to people. It follows, then, that the error
messages should not be bureaucratic gobbledegook, but human.

Making the human interface relate not to the machine’s
requirements and limitations alone, but to the user’s desires,
seems a continuation of the same philosophy that began personal
computing. From a strictly commercial standpoint, a large number
of potential computer users will not purchase equipment and
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software until it is easy to use for the person who has never held a
soldering gun nor looked up an error message. And we cannot
expect people to memorize commands willingly; they will always
manage to forget something that is hard to remember -- as they
should.

A discussion of why people forget would take far too much
space here, although some basic reasons can be stated briefly. One
is that we forget because there is too much to remember. In a rea-
sonably complex program (the kind we feel good about writing)
the individual parts may at one time have been known so well we
could recreate the code at will. But by the time we have created a
large enough program, the parts we worked on earlier begin to
fuzz and fade. This is not due to time, but to attention to some-
thing else -- either another part of the program, or another pro-
gram. Yet time, too, enters as a factor in forgetting. In terms of
human interface we may forget (either from time or other pressing
details) just how something was to work. Typically this occurs
when we are explaining to someone else how to use a program.
We forget a detail, a restriction, and if we are lucky we remember
it correctly when we are telephoned by the person who believed
the first explanation was all there was to it. But surely these
remarks cannot be applied to that large number of programs that
are "one time only"!

It has been my experience that even my most casual pro-
gram is something at some time I may wish to show off; this,
regrettably, does not mean every program is all that good, but that
what I wrote as a one-shot program is inevitably something some-
one else wants to use or do. A well-done program must be able to
be used without arcane knowledge. It should even be 'helpful to
users wanting to use it.

1.2. Help and Control-d

The first test I apply to any program is to input a one-word
message: help. A system that cannot help is at the mercy of
misunderstanding just as much as the user who receives Error
Message 477. Help may be offered in many forms. On large com-
puters I have seen it expressed as a telephone number to call
(which is not all that much help at 8:30 pm -- and less at 3 am), a
menu of arguments to use with the help statement to receive spe-
cialized help (as in "help files" for information on how to move,
remove, create, etc.) files, or a short summary of the available
commands, or a tutorial without menu. I regret that I have not yet
seen a microcomputer program that responds to help other than to
issue Error 477 in any of its many equivalent forms.

One area of human interface in which microcomputer pro-
grams are, on the whole, more advanced than programs for mini
or larger computers, is in free-format input. Sometimes, unfor-
tunately, free format is interpreted to be that the data items may
be any length, but if they are separated by more than one blank
then things will not work properly. Being able to ignore redundant
blanks is simple and makes input much easier. Reluctance to make
such allowances seems hard for me to distinguish from laziness.
Similarly, having to enter commands or data in specific positions is
a requirement always for the convenience of the programmer and
not for the user. Let me make that point more strongly: rigid
input specifications are for the convenience of the programmer
writing the program and not when s/he uses the program.
Although software for microcomputers is ahead of that for the
larger computers in emphasizing free-format input, it shares with
larger computers the mystique of control-d.

To those of us who are used to the control key on a termi-
nal, a fuss over control-d may seem unwarranted. Yet in teaching
naive users (and we were all at one time naive users) to use a text
editor I have found those commands requiring the control key with
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another (and sometimes two others!) the hardest to make into
second nature. This is not to urge a ban on control characters, but
to suggest that before control-anything is made a command there
should be serious thought about other ways of signalling what is
intended. The same can be said of the ")off" combination that
allows graceful exit from APL; ideally, commands should be some-
thing the user can guess rather than something to memorize.

1.3. Guidelines for Interactive Systems.

A student of mine [Tossy, 1977] in a seminar on human
factors in software engineering came up with several ideas for
designing interactive programs so they are easy to use. They are:

1. Command names should be mnemonic.

2. A frequently used command should have a short
name or an abbreviation.

3. The program should always accept the full length
name of a command, even if a standard abbreviation
exists.

4. Both the full command name and any standard
abbreviations should appear in the index of a user’s
manual.

5. Make provisions for a user becoming more sophisti-
cated about a program as s/he uses it.

6. Protect the user from the results of "dumb mistakes."

He generalizes his rules into two principles:

1. Make the program forgiving; humans make mistakes.
2. Make the program convenient; humans are lazy.

What programmers seem to forget, time after time and program
after program, is that the two principles apply equally to both
sophisticated and naive users -- to you-and me, for example.

Such concerns lead naturally into a discussion of another
factor in human interfacing: that awful wait while the panel lights
blink, during which the most hardened of programmers wonders
whether the program has found a new infinite loop or is only set-
ting all of main memory to 7s. Much of the anxiety of waiting is
not hearing anything. In Samuel Beckett’s play "Waiting for
Godot" the wait endured by the two protagonists is eternal, unend-
ing even when the play ends; but to some extent they are kept
waiting by the appearance of Godot’s messenger. The message he
brings is, simply, wait. Some such message from a program that
runs longer than 10 seconds (say) might be a good idea -- as well
as the capability of suppressing such a message if that is desired.
For the human user’s sake there should be some indication the
machinery is still working, still "there". Thus I would like to add a.
third principle to the basic two given here:

3. Make something happen; humans are easily bored or
made anxious.

2. Maintainability

Strongly tied to human interface with users is the problem
of program maintainability. Error 477 enters our discussion again,
this time not as a message we have generated but as a system mes-
sage that lets us know there is something to fix. The first question
is not the logical one of "What is it I have to fix?" but "How do 1
fix it?" If this question seems out of place, we might note that it is
really a more sophisticated version of "help!". How do I fix it may
be answered variously by identifying the problem and then fixing
it, or asking for help in either locating the problem or in fixing it.
No one who develops software really wants telephone calls from
users who cannot understand why the editor they are using sud-
denly goes into a loop -- or simply stops. No one who programs
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wants code written six months ago to stop working. I could be
somewhat cynical and say six weeks rather than six months, but it
does not seem necessary for the point.

There are, no doubt, some individuals who are so good at
programming that the very code communicates its purpose to any
reader who knows the programming language. I believe once or
twice I have known such people; the world needs more people with
such ability; I wish I had such ability. And there are some very
impressive higher-level languages with block structures that
encourage structured programming. Although we know structured
programming is not enough to make a program readable, it is evi-
dent that structured programming helps readability [Knuth, 1974].
So far, higher-level languages are, by and large, unavailable to
microcomputer owners; such languages require too much main
memory or an auxiliary storage device, such as a disk, for succes-
sive passes of the compiler -- or simply cost too much. Microcom-
puter programming is done in either assembly language or Basic by
and large, and remarks about maintainability are directed toward
what is possible within those languages.

2.1. Routine Size

In structured programming a key concept is that of breaking

- the larger problem into modules that are in themselves complete;

that is, the module does something. Sometimes we find a module

that does too many things, which we perceive as the product of an

inadequate application of structured programming. When we are

designing a program we may manage to create modules that do too
much. How much, though, is too much?

I would argue that "too much" is as dependent upon physical
size as’it is upon conceptual size of the module. Yourdon [1975]
suggests a size limit in his recommendation that "at each level of
the design, try to express the implementation of a module in a sin-
gle page of coding or flowcharting.” What we are able to perceive at
one time strongly influences what we can process in our minds.
Thus modules should never be larger in size than the crt screen
can hold, or one 8 1/2 by 11 inch sheet of paper. My choice of the
American standard paper size is based on the nearest hard-copy
analogy to crt screen size. I would gladly relax my pronouncement
of page size to my true intent, the unit of page size on the hard-
copy device, but in the case of teletypes that leads to an obvious
absurdity: the whole roll of paper. The routine size of one page or
screen includes all comments associated with the routine. There
are few things more irritating than flipping between pages or trying
to squeeze two screens of code onto one screen.

2.2. Comments

Having introduced the topic of comments into the subject of
human factors in software maintainability, I think it only fitting to
discuss commenting in greater detail. I have heard people who
should know better claim that a well-written program needs no
comments. It is possible that a particular well-written program --
even one in assembly language -- is so clear it does not require
comments; yet I know of no technique or language or attitude
toward programming that would make comments truly unneces-
sary. Of course, it is also possible that too many comments can
obscure the code they were created to explain. Comments require
an effort to write that seems quite apart from the effort to pro-
gram, and for that single reason they often do not get written.
Other reasons a programmer might offer for not writing comments
include:

1. They take up too much space in the program.
2. They only repeat code anyway. 4
3. They should be put in after the tode is running or
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else they will be just another thing to change during
debugging.

The list of three is not exhaustive, but it is representative.

The reason comments seem to take up too much space is
that usually they are not properly integrated with the code; the role
they play in understanding the program needs to be essential rather
than documentary. If the comments echo the code they will at
best be documentary, and perhaps a nuisance to be ignored while
reading the code. .Bad comments are the result of the
programmer’s self-fulfilling prophesy: seen as taking up too much
space and repeating the code, comments will be produced to do
just that. Comments are a feature of programming languages, and
like any other feature they should be used when needed. The
problem with comments, then, is not in their number or size, but
when in a program they are needed. The function of a comment in
a program is to help remember what is going on [Weinberg, 1972],
and thus they should be introduced as a part of the code.

To some extent the programming language itself (excluding
machine language) helps us remember what is going on. Com-
mands are imperative utterances to do something, declaratives
identify elements in thé program, such as variable names, transfer
labels, or routine names. Betwe¢n commands and declaratives we
may indicate what is to be done!to (or with) what items, but not
why. And it is "Why" that we ask when we read uncommented
code: why LAI 002 -- load the value 2 in the A register of the 8008
microprocessor cpu? The activity, though complete enough for a
computer, is not complete enough for the human; to complete the
instruction it is necessary to supply motivation, a reason. The
feature for explaining things in a programming language is a com-
ment.

While programming the programmer has the reason for
writing particular code in mind. That reason may be the wrong
one for the problem, as when we code a bug into our program, but
it is a reason nonetheless. Without the reason for the code clearly
indicated, the program literally has no reason for "running" in the
programmer’s mind. The program does run (or at least is emu-
lated) by a human when the code is read or written: the value 2is
placed in the A register of the 8008 cpu which exists in the
programmer’s imagination. At the moment of coding we supply.
the reason, the comment, in our mind; it is, then, an inaccurate
transcription of our code to omit keying the comment when we
key the command or declarative. As elsewhere in computing, the
term for that inaccuracy is "bug".

Further, comments that echo the code are buggy comments.
"LAI 002" is not the reason we code "LAI 002". No action is its
own reason, even if one is not speaking of computer programs. It
is a part of good programming to express the comment as correctly
as the command or declarative. This appears to call for a comment
for every command or declarative, and for some routines I do not
doubt that necessity at all. We also know that there are many
instances in which such commenting would be too much. How do
we know? I believe the answer to that question is the same as the
answer to "How tricky is too tricky when writing code?" -- another
question I cannot answer in words. But, through experience, we
may learn the answer to both.

One technique for creating comments is to think
to comment giving reason,
command
or,
~command

to comment giving reason .-
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or, for variety,
command
because comment saying why
or perhaps
because comment saying why,
command

Naturally, all those tos and becauses would be tedious to
see on our crt, and the ability to avoid repetition is a test of our
ability to write good code. The important thing to remember is
that the function of the comment is to provide the reason or
motivation for the code, and we should choose the wording for a
comment accordingly. Such an attitude toward comments will
undoubtedly make manufacturers of ram, paper tape, and teletype
paper very happy and the rest of us pleased at the insight -- but
with one more thing to remember to do.

There is another real advantage to writing the reason along
with the action, one we recognize in other forms of thinking.
When something, some problem, is expressed in a form external
to our mind we tend to get a clearer idea of what the problem is
and are then less likely to make a mistake based on not thinking
the thing through. Or, if we do make a mistake, we stand a much
better chance of identifying the mistake (and thus correcting it) if
it is in a form external to the mind investigating the mistake. In
plainer terms, it is easier to spot a flaw in thinking if it is down on
paper or up on a crt. This is certainly one function of a project log,
used in many large-scale systems development projects and by
some of us working on individual projects as well.

The value of writing the reason along with the code and
rereading such reasons along with the code later seems to be so
obvious I mention it here only to have said it. The question I find
myself asking (when I ask questions of programs) is "Why is the
code there?" I know perfectly well what the statement does (if it is
a language I know), but not why it is being used.

2.3. Variable Names

Since I am arguing here that the statement and its reason
should be represented together in a program, it follows that just as
the comments should be written clearly, so should the statement.
We generally have no control over the operation code mnemonics
in an assembler, but we do have control over the variable names.
Everyone, it seems, agrees that variable names should be
mnemonic -- an aid to memory in identifying their purpose. How-
ever, as Weinberg [1972] warns, mnemonic symbols expose us to
error because

1. They tend to make programs seem "sensible" by their
satisfaction of our general preference of sense for non-
sense.

2. They play upon our tendency to believe in the name,
rather than the thing named; consider the seductive
nature of a variable named FIVE. What value does it
contain? Are you sure?

3. Similar names can be confused; for example,
SQUARE for the square of a number and SSQUARE
for the sum of such squares differ by only one keys-
troke.

Exposure to error is perhaps preferable to no idea what the vari-
ables in a program mean. If names in a program are assigned in
alphabetical order of occurrence, we will find it difficult to interpret
the value we assign to the variable D. Weinberg’s point is not that
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mnemonic names should be avoided, but that they are not a fool-
proof solution to symbolic names. The problem of mnemonic
names in Basic is a non-problem in that the names may be only
one character in length -- with a $ suffix if the variable is to hold
character strings or an expression in parens if the variable is the
name of an array.

3. Portability

Mnemonic symbols, meaningful comments, and structured
programming are aids to maintainability and also portability. If a
program is good it will be one that gets shared -- or rather, one
that we will want to share. Even if we are not the sharing kind, it
will be one we want to take with us when we move onto another
computer. Even assembly language programs can be made fairly
portable if there is macro capability on at least the new computer.
The human factors in portability may be viewed through three con-
cerns: equipment considerations, relocatable code, and the ability
to "plug it in" and have it run.

3.1. Equipment

Equipment considerations are perhaps more financial than
human factors; but where there is something financial there is
something very human at work: a fallacy I call the "Just As Good
As" fallacy. This fallacy has several variations: a system with 12K
of ram is just as good as a system with 16K or more because if you
are good enough you can do anything in 12K; and, this teletype is
just as good as the other one with upper and lower case because
you really don’t need lower case; and so on, with examples being
possible from all areas of human choice. We compare what we are
willing to settle for (or afford) with what we would rather have,
and deduce "just as good as". It is a natural defense mechanism to
try to keep us from feeling we have let ourselves down. Of course,
"just as good as" is a letdown; the easiest measure of the truth of
this is the amount of emotional heat with which someone who has
settled for "just as good as" will defend the decision against some-
one who has the bad manners to suggest otherwise.

In personal computing, as in stereo systems and automo-
biles, our taste (or lack of it) must be balanced by our bank
account or line of credit. Computer components are dropping in
price, but they are still expensive enough that software requiring
16K and a floppy disk will find fewer systems to run on than one
requiring 16K and audio cassette. Actually, the target software for
microcomputers presently seems to be an 8K machine with paper
tape reader or audio cassette. Even as I write this I am aware that
equipment costs are bringing "just as good as" and "would rather
have" closer together, and before long they may be as close
together as "just as good as" and "would rather have" in the case of
stereo equipment. Until then, software must avoid dependencies
on expensive or extravagant hardware if it is to be exportable to
many microcomputer users.

3.2. Relocatable Code

Relocatable code is a topic more obviously a matter of
software than are equipment considerations, and is generally asso-
ciated with large system software rather than with microcomputer
software. My use of the term "relocatable code" refers to code that
does not rely on being loaded into the same address space to be
run each time. The difference between relocatable and non-
relocatable code may be illustrated in terms of how a particular
memory location is referred to. If we declare a location with the
name K, some assemblers associate K with a specific address, such
as 764. Every time the symbolic name K is used in an instruction
the assembler substitutes 764 for K. The resulting program is
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dependent upon K being at position 764, and all other parts of the
program are tied to specific locations as well. But if the assembled
code does not refer to 764, but to 764 plus a value in a register

that is the address of the beginning of the program, the code can °

be loaded into any segment of memory and the addresses will be
resolved as offsets from the beginning of the program. Such a
register is being used as a "base register"; base registers are in wide
use on larger computers. On microcomputers I know implementa-
tion of a base register for relocatability is a software feature, not a
hardware feature.

Base registers imply there is a need or a desire to load a
program into various locations in memory, and such a need has
not yet been demonstrated here. Interfaces between devices on
some systems require certain absolute locations in memory for
buffers, status registers, etc. If on a given system we want to load
a program at a particular location and a device interface requires
the same location we may find that the device, the program, or
both may do unexpected and possibly unwanted things. The easi-
est solution to such a problem is to eliminate the problem. If the
code can be relocated by an appropriate value in the base register
then the conflict over particular locations does not exist. Writing a
program so that it is relocatable heads off future complications
over where the program has to be in main memory in order to
run.

The first two aspects of portability, equipment limitations
and relocatable code, appear to be arguing for practices contradic-
tory to each other. We must keep in mind that most microcom-
puters have small main memories, but we should also write code
so that it may be run in any location in memory. The synthesis of
these two concerns requires the belief -- justified by past perfor-
mance -- that memory costs are coming down. Two 8K relocatable
programs could be loaded in 24K with room to spare, and one or
the other run as needed without having to load and reload code.
For example, with the code for Shooting Stars and a text editor in
memory a user could switch between them while writing a paper,
thus time-slicing work and play. If neither Shooting Stars nor the
text editor are relocatable, all the memory the machine can address
will be of no help.

3.3. Plug it in and Go

When I began as a professional in computing in 1967, IBM
was making great claims for upward (and parallel) compatibility.
This meant that a program running on an IBM 360/30 would run
on an IBM 360/67. Generally that was my experience, and
apparently others also found it a strong selling point for the IBM
360 series. For microcomputer software the corresponding
strength might be in self-loading programs. That is, programs
arrive with a bootstrapping loader on the front as a part of the pro-
gram so that the overall effect is that the program can be "plugged
in" and run with minimum user involvement. This may appear to
contradict the spirit of personal computing, of wanting to do things
with one’s own computer. But the owner of a computer does not
really want to do everything, just those parts s/he wants to do.
Getting ready to play with a program is nowhere nearly as enjoy-
able as playing with it -- especially if some unexplained detail must
be guessed by the user before the program will load properly.
What may conflict somewhat with the "plug it in and run it" aspect
of software portability is the problem of relocatability. But then, if
two programs are to be in memory at the same time it is likely
only one of them really has to be relocatable. Besides, there is
nothing that prevents a self-loading program from using a base
register.
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4. Efficiency

Being able to load and execute a program in one step may
seem more an aspect of overall efficiency than of portability, and
perhaps the discussion should be continued as an aspect of human
factors in efficiency. The program that handles details for the user
is intuitively more appealing than one that requires attention to
housekeeping details. Such a factor accounts for many users’
preference for a higher-level language over an assembler, and the
overwhelming preference of an assembler to machine language.
This sense of the word "efficient" is not the usual sense when one
is discussing a program, however.

4.1. Fast Programs

I think it is fair to say that when most people speak of an
efficient program they are referring to a fast program. Stories of
programmers who spend a week to save a few cycles of cpu time
are legion and share the same moral: be sure the time being saved
is worth the effort and time to save it. For microcomputers the
important unit of time is not the machine’s cycle time or the time
it takes to add 1,000 numbers together, but whether a human user
notices a delay in response. This does not mean sloppy programs
are efficient if the user does not have to suffer through a slow
response, but that before a major effort is invested in optimizing a
section of code the need for such optimization, in terms of the
effect upon the user, should be established. If we are writing a
program solely for our own amusement we can do anything we
want in pursuit of that amusement; but I have already remarked
on how programs we thought were one-time only seem to turn
into programs we would like to share.

When I teach an assembly language programming course I
carefully avoid any lectures on efficiency, yet my students turn in
programs with notes calling my attention to how a particular pro-
gramming trick saves time, code, or both. What is at work is a
human factor, pride in one’s skill as a programmer, that leads most
people I have taught to find ways to make their programs run fast.
Such pride can, however, turn into an obsession that impedes the
progress of the very program being developed with such pride.

4.2. "Tight" Code

Another human factor relating to program efficiency serves
as a summary point in our discussion of efficiency. As Weinberg
[1972] puts it, "when we ask for efficiency, we are often asking for
’tight’ coding that will be difficult to modify." The coding trick that
seemed such a stroke of genius at first seems inevitably to turn
into a stumbling block in understanding the code when it is to be
changed or fixed later. This does not mean we should strive to be
inefficient, of course.

In The Elements of Programming Style Kernighan and Plauger
discuss efficiency considerations, arriving at the following rules
relevant to us here:

1. Make it right before you make it faster.

2. Make it fail-safe before you make it faster.

3. Make it clear before you make it faster.

4. Don’t sacrifice clarity for small gains in "efficiency".

5. Keep it simple to make it faster.

6. Don’t diddle code to make it faster -- find a better
algorithm.

The occurrence of the construction "Make ... before you
make it faster" (or something very similar) so often in this list cer-
tainly seems to place efficiency in a subordinate position to other
concerns. Such subordination does not mean efficiency is unim-
portant, but that for efficiency to be most valuable in a program
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the other criteria must be met: correctness of the program, the
program’s ability to recover from error, the clarity of the program,
and overall simplicity of the program. I have taken the liberty of
interpreting "Make it right" as something speaking about program
correctness because I believe that is the thrust of that point, and
also because program correctness is the next topic in this discus-
sion.

5. Correctness and Reliability.

As was said in the introduction, program correctness and
program reliability seem to me to be fraternal twin aspects of a
central source of worry: how can I depend upon the answers that 1
get? If a program is correct (that is, it has no bugs in it at all and
works for all possible input) it will be a reliable program; unfor-
tunately, a program that is reliable may yet contain a bug that has
not been found, and therefore is not a correct program. But such
fine distinctions aside; both program correctness and program relia-
bility have in common the paramount concern that the program
work properly for all data that is given it.

The area of program correctness is rather difficult to sum-
marize, but the tutorial in Computing Surveys [Elspas, 1972] is the
best attempt I have seen. Why the area of program correctness is
so difficult to summarize may be found in the approach of those
working in that area: they are trying to prove programs are correct.
The point of being able to prove programs are correct has been
summarized by Elspas as "It has been the hope of many practition-
ers and users of programming that the development of the pro-
gramming art into a science would have the effect of relegating
programming errors to the minor nuisance category." The tech-
niques for proving program correctness are ingenious, but they are
too complicated to be used on most programs even by those who
make proving program correctness their specialty.

Proving programs correct is a rather mathematical
endeavor, but that is not why it is a complicated matter to prove a
program correct. We simply do not yet see how to prove programs
are correct in any reasonably short manner at the present time.
Such a lack of easy to apply techniques must be accepted as a fact
of life for the time being until they are developed. That may be a
long time away, warns Elspas, who does not foresee "any funda-
mental breakthroughs that will dramatically simplify the process of
verifying a program." We can want correctness in our programs,
but we must settle for reliability.

Software reliability may, for the sake of discussion, be
divided into two concerns: will the program/system crash, and the
documentation of bugs. A program with only one bug may sound
like a very reliable program, but if that bug is in the code that han-
dles carriage return we would not be very pleased. Every language
translator I have used ran with known bugs, but the bugs did not
occur so often that they interfered with typical processing. The
translators were, despite their bugs, reliable -- within certain limits.
As the bugs were discovered they were handled in any of several
ways: they were fixed; they were scheduled for being fixed at some
future time; they were reported to the person responsible for main-
taining the translator; or, they were published (sometimes in the
form of a hastily written note).

People who do not program, or those who are rather new to
programming, find any of the alternatives other than fixing the bug
most curious. However attractive fixing the bug may appear, we
must be sure of the impact of the fix on the program as a whole.
If the program has been designed with maintainability in mind, a
change in the code intended to fix a bug will not create strange
surprises in code within another routine even if that change is not
correct. It is all too human and all too common to perceive a par-
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ticular area of code as the problem area, to write code to fix the
problem, and to accept that code as fixing the bug even though it is
not tested carefully. Stories of such behavior on the part of indivi-
duals are common enough, but although I should know better it
always seems to surprise me when I hear of a software company
doing just that.

The motivation for changing the code is laudable for, after
all, the idea is to get the program working again as quickly as possi-
ble. But an ill-considered change can make the software even
more unreliable than before. We must balance how many bugs are
in the software against how often they are encountered in use.

Van Tassel [1974] suggests several criteria for judging pro-
gram reliability:

1. Mean time between errors

2. Mean time to repair errors

3. Percent of up-time for program

4. Number of bugs vs calendar months

Of these, perhaps numbers 1 and 4 are the most meaningful to us.
They might serve as good starting questions we might like to put to
software vendors who want us to buy a compiler. This assumes
that the vendor would give us correct answers to our questions, an
assumption that apparently is not always the case. Such a discus-
sion, however, is better carried out in the next section of this
paper, which is concerned with human factors and ethical con-
siderations.

6. Ethical Considerations.

There certainly is no need to argue that human factors have
a direct effect upon ethical aspects of microcomputer software.
Such an effort is obviously present whether or not we feel ethical
concerns derive from an absolute, eternal set of values or not.
Ethical considerations include (but are not restricted to) fraud and
violation of copyright.

6.1. Fraud

A typical dictionary definition of fraud will read to the effect
that intentional perversion of the truth in order to get someone
else to part with something of value constitutes fraud. One might
argue that fraud is too strong a term to use regarding someone
who makes claims about performance that the software cannot
meet. Perhaps the term should be lying, not fraud. Software that
fails to live up to promised performance may do so in degrees
varying from small glitches to defying anyone to load it; surely the
one word fraud does not apply equally to all. Of course, it does
not. And deciding just when and where it does apply legally is a
matter for someone in law to decide, rather than someone in com-
puting. But I make no pretense of deciding a legal matter; my con-
cern is ethical. It seems to me that anything software is advertised
to do should be something that was thoroughly tested and
debugged. When we buy something we naturally assume it is
being offered in good faith: that it works, at least in the aspects
advertised, and one can expect reasonable performance from it --
such as being able to load it. As more people enter the microcom-
puter software marketing field we are seeing a dual effect on
software quality; competition brings pressure to bear to create
better software, and the desire to be competitive is accompanied by
a temptation to stretch the truth a bit about what a program will
do. As users of software we have more than the old saw caveat
emptor, let the buyer beware, to help us: we have the hobbyist and
personal computing magazines.

Magazines such as Personal Computing, Byte, Creative Com-
puting, and Dr. Dobb’s Journal can and to some extent do serve as a
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guide to available software. As microcomputer-oriented magazines
continue to develop I would expect reviews of software to become
a standard part of every issue. This may have the effect of concen-
trating power in the hands of a few at first, but in time reviews of
software would come to be regarded in the same light as reviews of
books: not the last word necessarily, but a guide to what is around.
This is not to say that one should buy software only if it is favor-
ably reviewed in a computer magazine. It is to say that a search of
the literature may save the software consumer much frustration
and disappointment. Searching through all issues of the various
hobbyist magazines is lengthy, tedious work, and the idea of wait-
ing for Reader’s Guide to Periodical Literature to get around to listing
all the hobbyist magazines does not appeal too much. But there is
a guide published to the literature we can consult now: it is Periodi-
cal Guide for Computerists, by Eldon Berg, that indexes over 1,000
articles and letters from fifteen magazines read by computer hob-
byists. The table of contents is quite extensive, and definitely
-saves hours of search through back issues. Berg is publishing the
guide semi-annually, in July and December. Those wishing a copy
of the guide may write him directly at the address given in my
bibliography at the end of this paper.

6.2. Copyright

Our concept of copyright comes from similar English laws
and licenses dating from approximately 1518. The United States
copyright law is so complicated that I have had directly contradic-
tory legal advice from two very competent attorneys. Both agreed
that on the subject of computer use of copyright materials the law
is rather grey and difficult. The purpose of the law is to protect a
person’s property from being taken by others without proper com-
pensation. That is, books, documents, songs, recordings, etc. are
considered the property of the copyright holder. Through copy-
right provisions writers, composers, and others are given protection
for their work so that royalties are paid to the person who deserves
them. This is, I hasten to add, not a legal opinion but an ethical
perspective on the topic. Donald Knuth writes most eloquently
and from the same non-legal status about legal protection of algo-
rithms in Sorting and Searching, volume three of The Art of Com-
puter Programming. Knuth argues that algorithms should not be
anyone’s property any more than a mathematical result is. This
seems very reasonable to me and right in line with the contention,
backed by legal precedent, that ideas are not protected by patent or
copyright whereas devices or publications may be. I also believe
that if someone writes a computer program and wishes to sell it to
others then that person should be protected from piracy.

The revised copyright law, effective 31 December, 1977,
contains wording that clearly intends to cover computer programs:
"‘Literary works’ are works ... expressed in words, numbers, or
other verbal or numerical symbols or indicia, regardless of the
nature of the material objects, such as books, periodicals,
manuscripts, phonorecords, film, tapes, disks, or cards, in which
they are embodied." The old law had to be interpreted to cover
modern technology; the new law attempts to anticipate new
developments by saying "‘Copies’ are material objects ... in which a
work is fixed by any method now known or later developed, [italics
mine] and from which the work can be perceived, reproduced, or
otherwise communicated, either directly or with the aid of a
machine or device."

The question of whether this law will indeed provide proper
protection will have to be answered in time in the courts. How-
ever, whether the law can be effective against individuals who
pirate software for personal computing can be answered, in my
opinion, with a simple "No." First one must find the guilty party,
and then one must take that party to court. The €xpense and time

BOX 1579, PALO ALTO CA 94302

PAGE 62 .

required for such investigation and prosecution is staggering to
contemplate. Although the average income for computer hobbyists
is higher than for, say, the average citizen of the United States,
recovery of the expenses involved in prosecuting software piracy
would be hard to do -- perhaps harder than getting the judgement
to begin with.

This is not to be construed to mean that I advocate viola-
tion of copyright; I decidedly do not. If someone is selling a pro-
gram I want I have two ethical choices: either pay the asking price
or write the program myself. However, one would have to be shy
of basic intelligence and have never read any personal or hobbyist
computer magazine to believe that everyone operates with the
same ethics. The problem of detection and prosecution is too
large, and the remedies too difficult to extract to halt violations of
copyright through legal channels. What, then, is to be done to
encourage software development and guarantee that such develop-
ment will be protected if protection is desired?

Digital Group Software Systems of Denver, Colorado,
appears to have a solution. By pricing its software so low that it is
virtually the price of a tape cassette, the temptation to steal a copy
has the cost motive taken out of it. After all, why steal the pro-
grams by copying them to a cassette when for essentially the same
price they can be acquired legally? And with a copy of the docu-
mentation, no less! In a discussion with the President of Digital
Group I learned that pricing software at $5.00 per cassette does not
mean they lose money on software. The volume of business they
do makes up for the low price, and the low price encourages people
to buy from them. Although it does not say much for strength of
ethical feelings in humans, Digital Group’s experience does indi-
cate that when the cost is pretty much the same that people will
buy rather than steal. The temptation to remark "how very
human" is too much to resist.

7. Conclusion

This discussion of software engineering has had one major
point to make throughout the discussion: no matter what area of
software engineering one considers, there are human factors that
have a major impact on that area, whether it is typically perceived
as being so influenced or not. Some of the remarks have had
more "solid" evidence or support than others, but all are backed by
more than has been possible -- or prudent -- to include here. What
has become clear to me is that ignoring human factors in software
engineering is done at the risk of having them assert their impor-
tance with a force that can mean disaster for a project. This discus-
sion has been one attempt to bring the matter forward for discus-
sion.
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THE HUMAN INTERFACE

William F. Anderson
158 Valparaiso
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ABSTRACT:

A great deal of energy has been spent on defining the various physical inter-
faces that exist in a computer system. Such a statement cannot be made about
the human interface. Yet, the success or failure of a system is dependent upon
the quality of this interface. In designing the human interface the basic princi-
ples of communication need to be applied. Simply, these principles are: what
are you trying to communicate, how is it being communicated, and who is the
recipient of the communication.
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The human interface—where does it fit into the picture? What must be consid-
ered when designing software to support this interface? The intent of this pre-
sentation is to start you thinking about these questions and their answers. ’

What is the purpose of computers; whether they be micro, mini, or maxi? Is
not a computer a ““tool”’? A tool used, for example, for problem solving, infor-
mation storage and retrieval, and the controlling of other devices. In general,
computers are tools used to solve human problems. Note this is quite differ-
ent from computers being problems for humans to solve; a situation which,
unfortunately, is rather common.

The design of tools requires the application of “human factors engineering’’—
in other words, one must take into account the user of the tool. In a computer
system this involves two levels: the physical design of hardware, and software
design. Take, for example, a keyboard. The weight of the keys, their size,
angle, shape, and layout are all factors in determining the optimal physical
design of that keyboard. Although important, this is an area in which few of us
ever get involved, since the hardware is usually purchased. However, software
is a totally different story.

In terms of software, the human interface involves the entering of data into a
system, the retrieval of data from a system, and the controlling of the system.
Each of these areas can be viewed as a communication interface. Itisa link to
the human user, just as software routines also link the computer to peripherals
such as a cassette recorder.

Some of you are probably wondering of what interest is this to the hobbiest?
I can only ask, how do you plan to use your home computer system? Is it for
your own personal enjoyment, or are you planning on others sharing the bene-
fits of your work? If it is for yourself, then you need only be concerned about
communicating with yourself. If you are writing programs that will be used by
others, even if only your family and close friends, then you should be con-
cerned with how they will interact with the system. For no matter how good
the program is in other areas, if it is difficult to use, it will be put aside.

Notice, I have referred to the human interface as a communication interface.
The interface is a communication interface when one considers that the object
is to transfer information. Furthermore, we are entering an era where more
people directly interact with computers. This means that the machine’s soft-
ware must take on more and more of the burden of providing the communica-
tion interface to the user of the system. Simply, the principles for this inter-
face are those of all human communication. They can be categorized as what
are we trying to communicate, how are we going to communicate it, and to
whom are we trying to communicate.

Let’s consider the recipient of the process first. Traditionally, the users of
computer systems have had to be rather sophisticated, for example, users of
airline reservation systems. Some educational systems have been an exception
to this statement. The fantasy of those of us involved in personal computing
is a computer in every home (or at least a good majority of homes). This
means that the users of systems are not going to be the ultimate combination
of electronic and software whizzes. The vast majority of potential users of
home systems could not care less how a job is done on a computer; only that it
is done. Unfortunately, the industry is geared towards supporting the sophisti-
cated user. In fact, I will stick my neck out and say that it takes a more experi-
enced person to purchase a home computer than is required to purchase a com-
mercial product. We seem to be spending more time trying to educate people
so that they have the requisite level of knowledge than we do in trying to make
the computer easier to use. Even if systems are designed so that the hardware
is transparent to the user, the job is not done. The task is complete only when
the effectiveness of the information interchange with the system has been max-
imized and the person using the system has found the experience to be help-
ful rather than frustrating.

Although knowing what to say seems to be a problem that particularly plagues
documentation, it also haunts the environs of interactive software. Before a_
message can be effectively communicated, one must be clear about the content
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and purpose of a message. This applies not only to messages generated by a
system, but also to the syntax requirements of entering data into the system.
In my opinion, the designer of interactive software has the responsibility for
seeing that it is the software which insures the quality of communication and
not the user of the system.

The purpose of a message is to get the desired response, and that does not in-
clude kicking the computer during a peak of frustration. Nor is a system crash
when invalid data is entered an acceptable response from the system. Valid
responses include entering the requested information or taking an appropriate.
action such as changing paper in the printer.

To me, lack of clarity in a message reflects a lack of understanding of the prob-
lem one is trying to solve. For instance, with my current knowledge of the sub-
ject, if I were trying to design a system which, based on various inputed para-
meters, provided an analysis of a particular stock, I would have a difficult time
devising questions that would lead to the appropriate answer—to say nothing
about how to state the answer. In other words, if one understands the problem
ard knows the purpose of what he is trying to achieve, then he is in a position
to communicate a clear message.

The final link in the communication chain is how to communicate the message
to the recipient. One of the exciting things about current technology is all the
new possibilities for media that can be used in the communications process.
There are audio boards, video drivers in both black & white and color, light
pens, plotters, printers, and optical scanners, as well as the old teletype. Each
of these offers different possibilities as to how messages can be communicated.
I know that I would like to own one of everything so that I could explore their
limits. However, that is not the situation today, so I will explore what can be
done with a CRT or teletype.

Compared with the CRT, the teletype is a very limited device. It is not uncom-

mon for the CRT to be used in a teletype replacement mode, but it would be
very inefficient and in some cases impossible to use the teletype in a CRT re-
placement mode. In terms of presenting information, the teletype is basically
a line oriented device (longer messages being communicated as a series of lines).

The major advantage is that it can produce a listing which is independent of
t he computer, can be used as a historical document on the interaction that
occured during the session, and comments can be noted on the listing itself.

The major disadvantage is its lack of speed.

The CRT, however, is a very different medium. The area of the screen limits
the maximum amount of data that can be conveyed in a single message. Unless
supported by another means of storage, once the data goes off the screen it is
lost forever. The major advantages are that longer messages can be communi-
cated very quickly, and, depending on the CRT, one has the additional features
of graphics and variable density.

For example, on a CRT I could do what is called menu selection, which is the
presentation of the question along with a list of alternatives. My response
would be to enter the number for the alternative I wanted. Whereas on a tele-
type the message is presented, and then based on my prior knowledge of the
alternatives I would enter the appropriate response.

This leads into another topic called format of messages and responses. One of
my pet peeves is systems that use single letter messages and responses, or even
numbered messages. This approach requires a more sophisticated user of the
system and is prone to greater error. It is disturbing to break up an invol-
ved interactive process with a search through the manual to find out what is
going on.

The opposite extreme is to get too fancy in presenting a message. This is
especially true with media that is extremely versatile. Remember, the object is
to communicate a message, not to absorb the user’s attention into the media.

1 often see another habit which I think needs to be changed. Computer respon-
ses such as ‘‘hey stupid—you made and error’’ are basically insulting and convey
little information. Such remarks say more about the designer of the system
than they do about the user. In correcting errors, the purpose is to ellicit the
desired response. This is accomplished through messages that describe the error
and tell what was expected.

In summary, I want to emphasize that until we start to concern ourselves with
the human interface, the growth of personal computers will be limited to the
devoted “hackers”. 1 feel that the first step in designing this interface is to
realize that it is a communications process and that the guidelines for good
communications between two humans apply equally to communications be-
tween human and computer. For the dialogue of the computer is nothing more
than an extension of the person who wrotethe interactive program.
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ABSTRACT

The needs of the physically handicapped, especially those
who are non-verbal, are outlined with respect to several com—
munication aids developed at the National Research Council of
Canada over the past dozen years. For each device described
it is shownhow the use of a microprocessor has simplified the
required hardware, while making the redesigned devices more
versatile. The use of synthesized speech in a classroom
symbol communication system, based on a microcomputer, is
described in some detail. To sum up, the future possibilities
for home-computer-based aids for the handicapped are explored.

Introduction

The microprocessor and microcomputer revolution promises
new electronic possibilities for everyone. For certain
neglected groups such as the physically handicapped, the possi-
bilities of new freedoms are more important and even more
exciting than for the ordinary man or woman in the street. We
are referring to such new freedoms as: the freedom of self- Fig. 1. COMHANDI typing and communications aid for the
expression through simpler and more cost-effective aids to handicapped.
communication; the freedom to pursue educational opportunities
through computer-aided-instruction brought right to the
person’s home; the freedom of independence provided by personal
environmental controllers and mobility aids; the freedom to
hold a job and support oneself by means of various vocational
aids; and the freedom cf new recreational opportunities pro-.
vided by computer games.

The Medical Engineering Section and the Information Science
Section of the National Research Council of Canada are pursuing
some of these goals on behalf of the physically handicapped.
This paper will describe our initial attempts to exploit the
potential of microcomputers in communicaticn aids and teaching
aids for the physically handicapped.

Background to the Problen

The aids described in this paper are designed for severely
handicapped persons who lack normal functional use of their
hands and arms to the point that they cannot hold a pen or
pencil nor operate a regular typewriter. Persoms in this cat-
egory include those with a high spinal cord lesion or other
paralysis due to stroke, trauma, etc. and thcse with neuro-
muscular disabilities resulting from cerebral palsy, polio-
myelitis, muscular dystrophy, etc. The most handicapped of
these are the persons who also have no functional speech
capabilities. ' The loss of the ability to communicate in any
normal way is the most serious problem for these persons. The
need to communicate and to express one's feelings, thoughts,
and desires is fundamental to mankind. Children deprived from
birth of any ability to communicate will be developmentally
handicapped throughout their lives. Alternative means of com-
munication must be provided eariy in life.

COMHANDI

The COMHANDI Communications System for the Handicapped was
the first aid developed by NRC! (see Figure 1). It was
developed over twelve years ago using diode-tramsistor logic
(DTL), the implementation of which required about nine circuit
boards and other associated components (see Figure 2). Never-
theless, the COMHANDI accomplished what it was designed to do -
it permitted a severely handicapped person to type out messages
on a low-cost teletypewriter by operating a single paddle
switch. Actuating the paddle caused a light to scan behind an
alphanumeric display panel, first horizontally and then
vertically, until the desired character was reached and typed
out on the teletypew;iter. If the user had slightly b?tter Fig. 2. Rear view of COMHANDI showing circuit boards.
functional capabilities, a joystick could be used to direct the ‘
scanning in right, left, up, or down directions. A separate

paddle would then be used to actuate the typing function. Microprocessor-Based COMHANDI
Although there are cther approaches, the scanning concept has
since been implemented almost universally in typing and com- As a demonstration of the potential of :microprocesscrs to

munication aids for the most severely handicapped. reduce hardware logic, we have recently implemented all the
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functions of the COMHANDI using an F-8 microprocessor. The
block diagram, Figure 3, shows the simplicity of the new system.
The program requires 512 bytes of read-only memory (ROM), ¢
scratchpad registers (out of 64 available in the F-8 CPU), the
programmable timer, and 3 of the 4 I/0 ports (3850 and 3851).
the FAIRBUG™ monitor, which resides in the 3851 PSU, uses
firmware to generate the serial ASCII-encoded data to drive the
teletypewriter. Not only is the Lardware vastly simplified,

but the software-controlled system permits greater flexibility

in the mode of operation. For example, the scanning rate can
be changed by typing in a time constant from the teletypewriter
keyboard.

8x8 .
DISPLAY MATRIX
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dealing with emotions contain the basic heart-shaped symbol to
indicate inner feelings. By organizing Bliss Symbols into
sequences, whole ideas or sentences can be conveyed, as shown
in Figure 5.

A N
l © N
1 .
I, me want see mother
Fig. 5. A Bliss Symbol sentence.

Symbol Communication Aids

—
dalle PORT1 ]
3853 3850 ITITTTTH
| 3
sMmi cPuy BINARY TO
1 DECIMAL
] CONVERTERS(2)
@ A “5 PORT 0
§ .g : [ ‘BEEPER i
[ =
Q = E
= O SUBJECT
_OINTERFACE
O CONTROL
EPROM 3851 swrrcuzs
21256 PSU ; {108
bytes 1 - 1
DATA 4 o
PORT4 TELETYPEWRITER
Fig. 3. Block diagram of F-8 microprocessor version of

COMHANDI .

Bliss Symbols

Although the COMHANDI was effective for certain groups of
handicapped individuals, an alphanumeric communication aid is
of little use to preschool children who cannot yet read or
spell. 'In the past, picture boards have been used with these
non-verbal children to permit them to express their immediate
needs.? More recently, a universal symbol language developed
by C.K. Bliss has been adapted for use by these children.?3

The Bliss Symbols, as they are called, are pictographic-
ally related to the concepts and real-life experiences which
they represent. They are therefore, intuitively meaningful to
young children and are more easily learned than an alphabetic
language. Hence, using Bliss Symbols, the children can begin .
to communicate at an earlier-age, which is extremely important
to their development.

Some exampies of Bliss Symbols are shown in Figure 4. The
symbols for "home", "mouth" and "animal" look like the objects
they represent. Basic symbols such as these are then combined

to convey related concepts such as "street”, "food" and "meat".
Note that "meat" is "food" from an "animal”. All concepts

AL O QL

home street happy sad

o
food

@)
mouth

O7n

meat

A%y

animal

Fig. 4. Some examples of Bliss Symbols.

The children soon develop a working vocabulary of 200 to
500 symbols, which creates some problems for those who are
physically incapable of pointing on a large symbol board.
Electronic symbol communication boards have been built for these
children, such as the unit shown in Figure 6. This portable
unit provides electronic scanning over 256 symbols by means of
a 16 x 16 matrix of light-emitting diodes (LED's). The
capacity of the board can be doubled to 531Z symbols by using
either a steady light or a blinking light to indicate upper and
lower case symbols, in effect, at each location. Just as with
the COMHANDI, a variety of interface devices can be used to
control the symbol communication board, either of the single-
switch-closure type or the joystick-type.

Fig. 6.

Symbol Communication Matrix board, Model 2.

An important feature of the electronic scanning board is
the provision of a memory function. One serious limitation of
manual alphabat or symbol pointing boards is the fact that the
"listener" or receiver of the communication usually cannot
remember enough letters or symbols to piece together any but
the shortest words or messages the "talker" is attempting to
transmit. This problem is compounded by the slow rate at which
some of the severely handicapped persons must work. Knowing
that a normal person is impatiently waiting for them to point
out a message only heighteas their anxiety. With an electronic
memory board, however, the handicapped user can work at his or
her own speed, building up a message in the board's memory, one
symbol at a time. . The message can be read back to a "listener"
at a later time, as often as necessary, simply by causing the
LED indicators on the display matrix to "jump" sequentially
through all the symbol locations stored in the memory.

Just as in the case of the COMHANDI, the electronic hard-
ware required to implement a2 symbol scanning matrix can be’
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greatly simplified through the use of a microprocessor. The
original hardwired board shown in Figure 6 uses about 60 CMOS
small-scale integrated circuit packages, whereas the same
functions have been implemented with a 768-byte program in the
F-8 microprocessor. Again the microprocessor-based version
provides greater flexibility, in user definable rates for
scanning and memory read-out, etc. and a larger memory capacity
(in the scratchpad memory of the F-8).

Synthesized Speech

The Symbol Cowmunication Matrix, as described, has been a
useful aid, especially in situations where portability is
necessary. It has some limitations, however, because it pro-
vides only a visual indication of the selected symbols. We
have been experimenting with the use of synthesized speech,
therefore, as a means of providing additional sensory inputs to
the handicapped person. For the initial trials, a commercial
speech synthesizer (VOTRAXTM) and a remote computer were used,
coupled to the handicapped person's symbol display board via
an acoustic telephone link. The synthesizer speaks out the ..
name of each symbol on the display matrix as it is selected,
storing these words in a scratchpad memory. Upon command,
then, the whole sentence or thought caan be spoken by the syn-
thesizer.

Speech is, of course, a very natural form of communica-
tion. The value of the aural reinforcement provided by the
synthesizer soon became quite evident. The children's
attention span and motivation increased almost immediately,
permitting training to proceed at a faster pace. Hence, in a
period of six months following the addition of the artificial
speech, their speed in selecting symbols, their language de-
velopment and the use of proper syntax, and their spontaneous
desire to communicate have all been promoted. The synthesizer
gives the child an objective feedback on the trial-and-error
selection of symbols and sentences, permitting independent
work. The "space age' quality of the artificial voice appeals
to the children and many attempt to verbalize along with it.

Use ofaMicrocomputer

Following the successful trials with the speech synthe-
sizer, we have proceeded to develop a stand-alone classroom
communication system built around a microcomputer. A block
diagram of our “Classroom Symbol Talke:" is shown in Figure 7.
Initially the system provides for two handicapped children and
a teacher to intercommunicate in the two mediums of Bliss
Symbols and artificial speech. Each student's terminal is very
much like the symbol communication matrix board described
previously, including the same type of interface controls.
Some of the differences are local loudspeakers in each board
and extra 'control addresses' on the symbol matrix to permit
the child to select the destination for his or her message.

A graphic television display is planned as a low-cost
additional feature. It will serve as a classroom "blackboard"
on which the teacher or either of the students can 'write" a
Bliss Symbol message. The teacher will use a numerical keypad
to select the symbols by code numbers. The symbols can be
stationary on the screen or can be made to move across the
screen in "Times S ure" fashion for longer messages. By
bringing the symbols together and displaying them in a serial
string on the TV screen, it is hoped that a degree of
connectedness will be conveyed which may be lacking on the
individual symbol boards.

oy

EPEECH VOICE
CLASSROOM,
canpnic| [SYNTHESIZER _,_c[];))
DISPLAY
. CHILD'S
A o
<) INTERFACE
CONTROLS
’/; MICROCOMPUTER §
)
. - o
TEACHER'S °
KEYPAD

CHILD'S
COMMUNICATION BOARD

Fig. 7. Block diagram of '"Classroom Symbol Talker" system.
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The microcomputer is the component which provides all the
necessary memory and electronic control. Sentences formed on
one child's board can be sent to the other board to be read out
or to the TV screen for all to see. The audio from the speech
synthesizer is also under computer control and can be directed
to any individual board or to the classroom display. As the
symbol message is being displayed, the corresponding words are
spoken by the synthesizer.

The microcomputer is based on the 8080 microprocessor.
Since it is an 8 bit processor, it nicely suits the jobs of
handling a 256 symbol system -~ a unique identifier for each
symbol fits into one byte of memory. The control program for
the communication boards and the TV display is stored in 4096
(4K) bytes of Erasable Programmable Read Only Memory (EPROM).
This type of memory is ideal for this application because it
allows the control program to be changed by reprogramming the
same EPROM integrated circuits. This EPROM also contains the
codes required to direct the speech synthesizer to produce the
spoken words for the symbols. (The 256-symbol vocabulary
requires about 1% K bytes).

4K of Random Access Memory (RAM) is used as a dynamic
data store for control operations. Symbol sentence lists
and intercommunication buffers are kept here.

A Real-Time Clock is used to time events which must be
carried out at particular intervals of time. Scanning symbols
on the communication boards, for example, is carried out at a
preset rate determined by the clock.

The processor sends control codes to the speech synthesizer
through a Serial Input/Output (I/0) port. These control codes
are buffered, interpreted by the synthesizer and then spoken
out. The artificial speech that is generated, is:routed
through a digitally controlled switch and gated to the parti-
cular communication unit requiring audio reinforcement.

Each of the three communication terminals is handled
through its own Parallel I/O port. Each is independent from
the other and more terminals could be added to the system by
interfacing them through additional I/0 ports.

A significant amount of digital memory will be required
to store the bit patterns for all 256 of the Blfss Symbols for
the graphic TV display. Other researchers are attempting to
display Bliss Symbols electronically and it is hoped that
techniques will be found to minimize the required memory size.
Otherwise, an auxilliary diskette memory may be required for
this feature.

Design Considerations

The use of a microcomputer as the main component in our
Classroom Symbol Talker is an example of a near-ideal solution
to a number of the problems involved in developing aids for the
handicapped. The commercial manufacture of small quantities of
specialized devices for the handicapped has been a recurrent
problem. In our system, however, as many of the' logic functions
as possible have been implemented in the microcomputer software,
rather than in discrete circuitry as was the practice in the
past. Less manufacturing is involved, therefore. The micro-
computer can be purchased as a completely assembled and tested
commercial product into which the programmed EPROM's are in-
serted. In fact, except for the individual symbol matrix
boards and interface controls, all other components of the
system are commercially available.

The system can be expanded, or its functions can be
changed, without rewiring. Each communication board can light
up a maximum of twenty five lights simultaneously. By replac-
ing the symbol sheet on the front of each board with an
enlarged BINGO card and adding some appropriately programmed
EPROM memory, the system will allow the children to play BINGO.
Other interactive games, such as TIC-TAC-TOE and Steeplechase
can be played, either on the children's individual display
board or on the classroom TV screen. The recreational possi-—
bilities for the handicapped which are opened up by computer
games are nearly limitless. The games must be chosen to match
the children's intellectual and functional capabilities, how-
ever. Target shooting, ping-pong and other games of skill are
obviously out of the question. Games which stimulate
intellectual participation are ideal. The costs of the soft-
ware for each additional game are quite small.
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The Future

This paper has drawn attention to some of the communica-
tion needs of the physically handicapped and has attempted to
show how microprocessors and microcomputers are beginning to
be used to meet these needs. It is certainly only the begin-
ning. Other researchers are also applying these new technolo-
gles for the handicapped.5>® This will be the case more and
and more as the prices of microprocessors and fully built home
microcomputers continue to fall. In our Classroom Symbol
Talker, the major cost itemis the speech synthesizer. The
synthesizer is an excellent device. Since it is basically a
phoneme generator, it provides random access to an unlimited
vocabulary. For some non-verbal handicapped persons a limited
vocabulary stored on a floppy diskette would be a more
economical solution. Controlled by a home hobby-type computer,
this arrangement would permit such persons to conduct their
personal business by telephone.

Some of the other areas where microprocessors can be
applied for the handicapped are in TV typewriters and in the
developrent of a portable artificial voice. TV typewriters
have been adapted for the handicapped, already, in hardwired
logic versions.’ These could be more easily implemented with
a commercial microcomputer with a TV interface. A program
could be written which would display the set of alphanumic
characters at, say, the top of the TV screen. The user would
move the cursor, by means of a joystick or single paddle
switch, to select each character. The selected character
would thern appear on the lower half of the screen, where a
whole message could te built up. With an optional teletype
or other hard-copy printer, the handicapped person could te
gainfully employed preparing business correspondence. The
text would be prepared in the desired format on the TV screen,
with any errors corrected, before being 'dumped" out to the
printer.

Fig. 8.

children.

Speech is a far more acceptable medium of communication
with the general public than letters or symbols. The non-
handicapped person usually won't make the effort to learn a
symbol language and feels psychologically uneasy when con-
fronted by a non-verbal person. Hence, there is a tremendous
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need for a portable artificial voice. It may be some. time
before such a device is economically feasible, but we can be
sure it will involve a microprocessor. The feasibility of a
low-cost device, using a limited vocabulary on magnetic tape
or diskette, is under study at NRC of Canada. The problem is
to provide reasonably rapid access to any word in the
vocabulary.

Computer games have been mentioned. The Medical
Engineering Section of NRC has developed several games for the
handicapped, such as Checktronics, an electronic checkers
game, and Steeplechase (see Figure 8). These were built up
from hardwired CMOS logic circuitry. Portability was one of
the features of these games, but from the standpoint of the
visibility of the display, a TV screen would be an improvement.

_The hardwired games have served to demonstrate the value of

recreational aids for the handicapped. The Steeplechase is
especially appropriate for young children who like the idea of
racing. Incidentally, it helps teach them counting concepts

as they must "move their man" by pushing on a paddle switch the
appropriate number of times. In hardwired form these stand-
alone games are probably not cost effective. As programs in-a
low-cost hobby computer with a TV display, they will be very
attractive.

From communication aids, to educational games, it is only
another small step to more formal educational programs on
personal computers. Here is an exciting new opportunity for
the handicapped. The teaching of children and adults with
physical and educational handicaps has_always required an
intensive amount of one-to-one interaction between student and
teacher. Interactive teaching programs will reduce this
requirement and provide a more objective tutor in many cases.
The low-cost of personal computers will make such teaching
practical, not only in institutional settings but also in a
handicapped person's own home where they may be. confined to
bed or wheelchair. The hobby computer can also act as a remote
terminal for a large time-shared computer system on which more
elaborate teaching programs may be available.
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FOR THE PHYSICALLY AND COMMUNICATIVELY HANDICAPPED

-Laurence R. Upjohn, Pharm. D.
7297 Stanwood Way
Sacramento CA 95831

Abstract:
This paper outlines the biological source of electrie

cal signals that can be used to control microprocessor

- sytems, A brief discussion is undertaken as to methods
of amplifying this bio-electricity with comments on
integrated circuit selection and circuit design. Emphasis
is placed on the safe interconnection of the bio-electric
interface to the microprocessor insuring that electrical
isolation is maintaned between them. Lastly a brief
mention is made of several decoding methods used with
the switch to implement microprocessor systems for the
severly handicapped.

Introduction:

This paper will briefly describe the human body as a «
source of electrical signals that can used to contrcl
electronic systems. A short discussion on the biological
origin of this electrical activity will be given, followed
by technical methods to exploit this pheromenon,
Aipplication of this switch to various microprocessor systems
then will illustrate adaptation of microprocessor systems
to the physically handicarped. With this adaptation systems
can be tailored to individual needs, by the handicapped
individual himself. This self-tailoring process can provide
new vistas of recreation, education, communication and
enhanced independance.

Electro-physiology:

This ten dollar word describes the universal property
of all living things to generate very small but measurable
electrical currents. The popular areas of Bio-feedback
use several bio-electrical potentials or voltages to study
various body functions which then are converted to some
auditory or visual signal with which our senses can deal.
These signals have origin in individual cells going through
the repetative process of concetrating salts from body fluids.
These salts are concentrated so that one salt will be in high
concentration inside the cells while another will remain
concetrated just outside the cell, These concentrations
are maintaned by the cell membrane but can rapidly change
when certain environmental stimulae disturb the cell
membrane. When these finely balancedconcentrations
change rapidly a small pulse of approximately 50 millivolts
is given off ruch as the electrical current that flows
when the poles of a battery are shorted together.

Multiply this by several miliion cells discharging at once
and it becomes apparent where or how bio-electricity is
"generated',

Interfacing Bio-electricity to the Outside Worlds

Since the bio-electric signals just discussed are of
such small voltageythey must be amplified before they can
be modified or processed by any digital system. However
this amplification must take place with as little interference
to the biological system as rossible, Therefore an
amplifier must have high input impedance. This is a resis=-
tive quality of the input terminals such that incoming
signals meet a very high resistance path into the amplifier.
Because of this high resistance pathway very little current
is drawn from the biological system into the amplifier
so the cells being observed function as usual., Next, the
amplifier needs the ability to reject low level sigrals
that arrive at both inputs at the same instant(i.e., are
in phase with eachother), This property is called high
common mode rejection ratio, or CFRR for short. The
predominant electrical noise that must be kept out of the
system is the 60Hz. noise from the electrical utilities,
hence the high CMRR; Next the inputs to the amplifier
are connécted to electrodes placed over the area to be
observed in electrical contact with the skin,

This contact is enhancedby using a jelly or paste containig
a high salt concentration and securing the electrodes
firmly so movement signals will not be produced. A much
less complicated method is to use disposible EKG elect=-
rodes where available. They come prejelled with high
quality electrode metal(silver!) and are self adhesive.

The amplified signal can now be monitored from the
output of the amplifier by an oscilloscope or a low
cost audio amplifier and permanent magnei speaker,

One soon learns the tell-tale hum or smooth sinewaveform
of 60Hz noise being amplified through the system.

By the appropriate adjustment the 60Hz. noise can be
"tuned'" out so only the irregular higher frequency
biological signal gets through,

The monitoréd signal must now be smoothed so that
in effect a slowed waveform is presented to the next
stage of the bio-interface unit, This process is called
integration, Integration of the signal is accomplished
with a % wave rectifier or diode and a resitance/capacitance
network to store the signal for the time constant of
the resistor-capacitor network. This integrated signal

has a slow enough transition to trigger a 7413 dual
nand Schmitt trigger, which then outputs a TTL pulse
for each threshhold crossing of the input signal.

The TTL trigger pulse is lead to a monostable
multivibrator which outputs a pulse of predetermined
duration, During this period it cannot be retriggered
so its' output pulse remains of constant length or time
duration.

Thus the signal is converted from the constantly
changing low level biological current to a two state
binary signal that is TTL compatable. Now we have a
signal that can be fed to the microprocessor, as our
next interconnection step, right?

iHRONG! The interface must be completely isolated
electrically from the microprocessor and its' high
amperage DC voltages. This is not asdifficult a task
to accomplish as one might suspect. A photo-optic
isolator of the LED/Photo transistor type is quite
effective in achieving the necessary electrical
isolation, It is also suggested that in construction
of the interface, micro=power circuits be used where
possible, to make it easy to use low voltage transistor
batteries to power the interface. If low power or micro=-
power IC's are not available then larger butteries should
Le used. Under no circumstances use the DC voltages from the
Microprocessor bus.

Proper grounding of all cases to one single earth ground
will reduce noise problems that can arrise when several
different ground points are used,

Interface Applications :
Since this paper is to address the area of Microcomputor

systems for the Physically Handicapped, now is the time
to outline how this bio-interface could be used to program
a micro-system.

The signal output from the bio-interface is only a
single binary bit but several methods can be implemented
to expand this to a fully codded eight bit binary data
word or simply an external flag directly to the micro-
Processor,

Coding the single bit to an eight bit byte can be
done using a self scanning array of LEDs. Two four to
ten or sixteen decoders scan the horizontal and verticle
rows giving two four bit address for the matrix position
of the lighted LED. These two addresses are latched
into the computor as a single eight bit word. This word
is then converted by software to represent either
alpha-numerics or actual machine operational codes.

A simple 'bootstrap" loader could be contained in Read
Only Memory to give power on start capabilities.

Using the single bit line as a direct flag to the
micro=processor envolves writing the appropriate
software to test the flag and the execute an interogative
interaction with the operator to determine function
to be programmed., This may take longer to facilitate
initially but is by far the more elegant solution to
this control problem.

This second method has the added advantage of allowing
the operator to tailor his software to his individual
control or communication problems. This is the ultimate
goal for uny aid to the handicapped, for it gives them
indepence which to them is their greatest need.
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WHAT TO DO AFTER YOU HIT RETURN. . . AND NOTHING HAPPENS: WARRANTY IN THE

MICRO-COMPUTER INDUSTRY

Kenneth S. Widelitz, Attorney at Law, WA6PPZ
10405 Louisiana, No. 8
Los Angeles CA 90025

ABSTRACT OF FULL TEXT PAPER

This paper will discuss consumers' rights and
manufacturers' and retailers' liabilities under the
Uniform Commercial Code, the Song-Beverly Warranty
Act of California and the Federally enacted Magnuson
Moss Warranty Act. Attention will be paid to the
effects of warranty on the microcomputer industry and

examples will be drawn from the microcomputer industry.

The paper will include a description of both express
and implied warranties.

Special emphasis will be placed on the presale
availability rule and on the repair facility require-
ments. The paper will conclude with an analysis of
formal dispute settlement mechanisms as a possible
solution to the compatibility problem unique to the
microcomputer industry.

Recently enacted legislation has made dramatic
inroads into the evils of the well known maxim of
"caveat emptor" and, more importantly, the lesser
known manufacturers' warranty maxim of "what the
bold print giveth, the fine print taketh away."
Unfortunately, consumers, manufacturers and re-
tailers are generally unaware of their rights and
liabilities under this legislation. This is
especially true in the home and personal computing
field due to the recent emergence of the micro-
computer industry.

For instance, manufacturers are unaware that
they are in violation of federal legislation if
they fail to clearly designate their written
warranties as either "full" or "limited". Retail-
ers and manufacturers are not cognizant of the
fact that they are in violation of federal legis-
lation if they fail to conform to the presale
availability rule which requires that every
written warranty be readily available to the con-
sumer prior to sale in a specified manner. Con-
sumers are unaware that if a manufacturer or retailer
breaches the terms of his express warranty, a
California Statute allows the consumer to re-
cover treble damages plus costs and attorney's
fees.

The preparation of written warranties by micro-
computer manufacturers has been given short shrift.
The manufacturer should give his warranty the same
careful deliberation and consideration that he
gives to the development of his product. A care-
fully considered warranty can do much to promote
brand loyalty and accurately cost out warranty
liability. If a manufacturer costs out his
potential liability based upon assumptions which
are not viable due to the requirements of recent
legislation, it might mean the difference between
a profitable or loss year.

As an example of possible liabilities unknown
to the manufacturer, manufacturers are now re-
quired to reimburse retailers who perform the
manufacturer's warranty repair work in an amount
which includes a reasonable profit to the retailers.
Another example is in the area of implied war-
ranties. Implied warranties can no longer be
disclaimed where accompanied by written warranties.
This can be a critical warranty cost factor when
considering that a manufacturer's liability under
an implied warranty can be greater than his
liability under a written warranty.

As consumers become more aware of the presale
availability rule relative to warranties, manu-
facturers and retailers will have to recognize
that their warranty will have to be as competitive

as the quality of their product and its sales
price. As home computing catches on, the pur-
chaser of a microcomputer will have less technical
expertise and will place a greater importance on
the warranty which accompanies the product he is
buying. Conceivably, the warranty can be as
important a factor in a purchase as the number of
bytes of memory or the speed of an I/0 device.

The warranty takes on added significance when the
hobbiest realizes he will probably be spending
more money on his microcomputer system than on any
other item of personal property which he owns with
the exception of his car (and automobile manu-
facturers spend substantial sums advertising their
warranties.) The more money someone spends on an
item, the more careful he is about what he pur-
chases. The consumer is also aware that there is
generally a close correlation between the cost of
a product and the cost to repair it if it fails to
function properly.

The foregoing is intended to place the im-
portance of the warranty in perspective for the
manufacturer, retailer and consumer of micro-
computers. The following discussion of warranty
legislation applies to all consumer goods, but an
attempt has been made to use examples of warranty
problems unique to the microcomputer industry.

WARRANTY LEGISLATION

There are three major pieces of legislation
which govern warranties as they relate to consumer
goods sold in California. The oldest is the Uni-
form Commercial Code of California (U.C.C.) which
has been in effect since 1965. Almost every state
has its own version of the U.C.C., but, as its name
implies, they are all substantially similar. 1In
1971 California adopted the Song-Beverly Consumer
Warranty Act (SBCWA). The SBCWA was the first con-
sumer warranty protection oriented piece of legis-
lation in the country. The federally enacted
Magnuson Moss Warranty Act (MMWA) is based, in
part, on the SBCWA. It has been in effect since
1975, although rules promulgated pursuant to that
Act by the Federal Trade Commission have been
effective as recently as January 1, 1977.

TYPES OF WARRANTIES

.There are two broad species ofbwarranties,
the implied warranty and the express warranty.

A warranty is implied when it arises by
operation of law from the nature of a particular
transaction, that is, it's automatic and requires
no writing to arise. There are two kinds of implied
warranties, the implied warranty of merchantability
and the implied warranty of fitness for a particu-
lar purpose. In general, the implied warranty of
merchantability means that a consumer good must
be free from defects in materials or workmanship.
An implied warranty of fitness arises when the
retailer, distributor, or manufacturer has reason
to know any particular purpose for which the
consumer goods are required and that the buyer is
relying on the skill and judgment of the seller
to select and furnish suitable goods. For example,
if a manufacturer of a floppy disc advertises
that it is Saltair/Bonzai compatible, there exists
an implied warranty of fitness that the floppy can
be effectively used with such microcomputers.

Implied warranties are created by provisions
in the U.C.C. and in the SBCWA. While the MMWA
does not create any implied warranties, it does,
legislate the extent to which they can be limited.
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The other type of warranty is the express
warranty. The express warranty is usually a
written warranty. For the purposes of the MMWA
the express warranty must be created in writing.
However, under the U.C.C. the express warranty may
be created by an oral affirmation of fact, i.e.,
where the retailer makes an oral statement as to
the capabilities of a certain product. It should
be noted that "puffing" does not create an express
warranty. That is, the retailer who says, "I
guaranty your satisfaction, "or that a particular
product "is the best buy on the market" does not
create an express warranty. Where a sample or
model is displayed, the U.C.C. and the SBCWA create
an express warranty that the whole of the goods
conforms to such sample or model. This has a
significance for the manufacturer who buys large
quantities of parts from a supplier based on a
sample or model, but will ordinarily not have
significance for the consumer.

IMPLIED WARRANTIES

The U.C.C. and SBCWA provisions relating to
implied warranties parallel each other to a
certain extent, but the SBCWA provides some important
changes.

The U.C.C. version of the implied warranty
of merchantability requires, for such an implied
warranty to arise, that the seller must be a
merchant as to those goods. Such a warranty under
the U.C.C. is a seller's (retailer's) warranty.
The SBCWA has given renewed vitality to the implied
warranty. of merchantability in two ways: one, it
imposes a liability under the warranty directly on
the manufacturer; and two, it makes it both
difficult and commercially unwise for the manu-
facturer to disclaim such a warranty.

The implied warranty of fitness under the
U.C.C. is also a seller's warranty whereas under
the SBCWA such a warranty is made by both the
manufacturer and the retailer. As stated before,
the implied warranty of fitness requires that the
manufacturer or retailer have a reason to know
that the purchase is being made for a particular
purpose and that the buyer is relying on the expertise

of the seller or manufacturer to furnish the right
product for that purpose.

However, the manufacturer and retailer
do not actually have to be told that the buyer is
relying on their skill and judgment. The manu-
facturer who advertises a particular use for his
product should be liable under the implied warranty
of fitness for a particular purpose even if the
advertised purpose is not an ordinary use.

DISCLAIMER OF IMPLIED WARRANTIES

Before the enactment of the SBCWA and the MMWA,
the implied warranties created by the U.C.C. were
relatively easy to disclaim. The implied warranty
of merchantability could be disclaimed by the use of
a conspicious written disclaimer that mentioned the
word "merchantability." The implied warranty of
fitness could be disclaimed by a writing declaring
that "there are no warranties which extend beyond
the desciption of the face hereof."

As a result of the enactment of the SBCWA and
the MMWA, the disclaimers just mentioned are in-
effective. Under present law the only way the
implied warranties can be disclaimed is by making a
sale on an "as is" basis. A conspicious writing
indicating an "as is" sale attached to the goods
sold is required. Any other attempted waiver of any
implied warranty is void.

DURATION OF AND REMEDIES UNDER
IMPLIED WARRANTIES

While the U.C.C. does not make mention of the
duration of implied warranties, the SBCWA specifi-
cally states that the duration of an implied war-
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ranty is coextensive with that of any express
warranty which accompanies the consumer goods.
However, in no event shall the implied warranties be
for a period of less than two months or for a

period of more than one year. If no written warranty
is provided, the duration of the implied warranty is
one year.

The remedies available to the consumer under
the SBCWA and the U.C.C. for the breach of an
implied warranty are identical with the single
exception that the SBCWA specifically provides
that if a consumer sues based upon the breach of
an implied warranty, the .consumer may recover his
attorney's fees.

The damages which a buyer may recover are
incidental damages and consequential damages.
Incidental damages should include the costs of
repairing nonconforming goods and other items such
as the transportation of those goods to and from the
place where they are repaired. Consequential
damages include such damage, loss or injury as does
not flow directly and immediately from the act of
the breaching party, but only from some of the
consequences or results of such act.

For instance, take the case of an amateur radio
operator who spends 20 hours inputting data relating
to all the contacts he made in 1976. Because of a
defect in the cassette recorder he is using as a
memory device, none of the data is preserved. His
consequential damages would be equal to the amount
he would have to spend in order to hire a typist to
reinput the data. As another example, consider a
lemonade stand application that cannot service its
clients while a defect in the CPU is being fixed.
The consequential damages would equal the lost
profits during the period of repair.

As a final example, let's take a letter which
appeared in the November/December, 1976 issue of Dr.
Dobb's Journal, page 4. Stuart R. Fallgatler wrote
that he received an AY5-8500 6 game MOS/LSI chip
from Advanced Micro-Electronics. The chip didn't
work properly. Mr. Fallgatler wrote the company and
received no reply. Dr. Dobb's Journal also wrote the
company and received no reply. The implied warranty
of merchantability requires that the chip be free
from defects. Having received no satisfaction Mr.
Fallgatler should bring a Small Claims Court action
against Advanced Micro-Electronics. Small Claims
Courts handle suits for claims less than $750. The
filing fee varies by county but is usually $10 to
$15. The chip in question here lists for $50, a
significant sum. While filing a suit might be
time consuming and inconvenient, Mr. Fallgatler
would certainly be less inconvenienced than the
company. He should obtain a judgment allowing him
a replacement chip and his court costs. He would
also be allowed incidental damages and consequential
damages, if any. More importantly, such an action
would be a great service to other personssimilarly
situation as Advanced Micro-Electronics might be
more responsive to future complaints, having been
taken to court once.

EXPRESS WARRANTIES

The provisions of the U.C.C., SBCWA and MMWA
overlap considerably in the area of expresswarranties.
This paper will highlight the unique and salient features
of each but where there is an overlap there will be
no attempt to distinguish between them. It should
be noted at this point that although both the SBCWA
and MMWA define "consumer good"” or "consumer product"
as an item which is normally bought primarily
for personal, family or household purposes, the
House Report-on the MMWA indicates that products
which are in fact used for business purposes fall
within such definition if such items would generally
be used for personal, family or household purposes.
Thus it would seem that lemonade stand and even
office uses of microcomputers would be covered by
the MMWA because microcomputers are generally used
for hobby or home purposes.
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A very important feature of the MMWA is its -
requirement that every written warranty accompanying
a product selling for $15.00 or more be clearly
designated either "full" or "limited". If a warranty
merely says "WARRANTY" at the top, it fails to meet
these federal standards. Rather, the warranty must
be designated, for example, "FULL 90-DAY WARRANTY." A
warranty is designated full when it meets the
federal minimum standards for warranty set forth in
the MMWA. !

The requirements necessary in order to obtain
a "full" designation are as follows:

1. The warrantor must remedy the defective
consumer product within a reasonable time and
‘without charge. The term "remedy," as defined by
the act, means either repeir, replacement or refund.
If the product is a "lemon", that is, it cannot be
repaired after a number of attempts, the warrantor
must permit the consumer to elect either a refund or
replacement without charge. If the warrantor replaces
a component part of a consumer product, such replace-
ment must include installing the part in the product
without charge. It should be noted that the MMWA
only requires that the remedy be given within a
reasonable time. The SBCWA, while not making
provisions for designating a warranty as either
"full" or "limited", requires that goods be repaired
within 30 days:

2. The written warranty may not impose any
limitation on the duration of an implied warranty;

3. 'The warrantor may not exclude or limit
consequential damages for the breach of any written
or implied warranty, unless such exclusion or limita
tion conspiciously appears on the face of the
warranty.

4. The warrantor may not impose any duty upon
the consumer other than that of notifying the war-
rantor as a condition of securinga remedy "unless
the warrantor has demonstrated that such a duty is
reasonable." Such a reasonable condition might be
the filing of a warranty registration card, if such
requirement appears on the face of the warranty.

5. The warrantv must extend to each person
who is a consumer undér the MMWA. The MMWA defines
consumer as a buyer or any person to whom the product
is transferred during the duration of an implied
or written warranty. Thus, the manufacturer giving
a "full" warranty cannot deny liability to virtually
anyone who obtains possession of a product during
the term of the warranty. The SBCWA limits its
scope to only the retail buyer of a consumer good.

Thus, a warranty which requires that the
consumer pay for transporting the product to a
repair facility must be a "limited" warranty, as the
remedy is not provided without charge.

Whether 'a warranty is full or limited, the
MMWA requires that on its face it disclose a great
deal of information. The warranty must set forth
the identity and address of the warrantor and the
identity of the parties to whom the warranty is
extended. It must state a clear description of the
parts, or characteristics, or components covered by
the warranty and where necessary for clarification,
which are excluded from the warranty. The warranty
must also state what the warrantor will do in the
event of a defect, for what period of time and at
whose expense. It must also include a step by step
explanation of the procedure which the consumer
should follow in order to obtain performance of any
warranty obligation. The warrantor must further
provide. a general description of the legal remedies
available to the consumer, and any limitations on
incidental or consequential damages. The warranty
must also state if there is an informal dispute
settlement procedure (described subsequently)
available. :
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If a warrantor fails to designate the warranty
as either "full" or "limited" or fails to disclose
required information, the warrantor is subject to a
lawsuit brought by the Attorney General or a Federal
Trade Commission attorney. A civil penalty of up to
$10,000 per violation may be assessed.

As of this writing, conversations with FTC
attorneys indicate that, as yet, no actions have
been brought to enforce disclosure requirements.
The explanation is that since the rule has been in
effect for such a short period of time, the FTC is
allowing additional time for warrantors to comply.
However, actions will be brought as soon as the FTC
headquarters in Washington decides that enough time
has been allowed.

PRESALE AVAILABILITY RULE

Effective for products manufactured after
January 1, 1977, the presale availability rule will
have a vast impact on consumer awareness of war-
ranties and on the manufacturers', distributors'
and retailers' costs. The rule requires that the
seller of a consumer product costing more than
$15.00 make the written warranty accompanying such
product available for the prospective buyer's re-
view, prior to sale, by the use of one of four
methods.

One method provides for the text of the
written warranty to be displayed in close con-
junction to each warranteed product. Another method
allows the retailer to maintain a binder (looseleaf
notebook) which contains copies of the warranties
for the products sold. The binder must be maintained
at a location which provides the prospective buyer
with ready access. Such binder must be indexed
according to product or warrantor and must be
kept up to date whe