
Burchenal Green 
a) 

-ISBN-0-916688-03-12-7 



Digitized by the Internet Archive 

in 2022 

httos://archive.org/details/bestofcreativeco0O003unse 



The Best of 
Creative Computing 

Volume 3 



Copyright© 1980 by Creative Computing 

All rights reserved. No portion of this book may 
be reproduced—mechanically, electronically or by any 
other means, including photocopying—without written 
permission of the publisher. 

Library of Congress Number: 76-438v. 3 
ISBN: 0-916688-12-7 

Printed in the United States of America 

First printing April 1980 

1ON9508150 D423 2.01 

Creative Computing Press 
P.O. Box 789-M 
Morristown, NJ 07960 



The Best of 

Greative 
Corpatirg 

Volume 3 

Edited by David H. Ahl 

and 

Burchenal Green 

Creative Computing Press, Morristown, New Jersey 



Ordering Information 

If you cannot find the Best of Creative Computing—Volume 3 or 
other Creative Computing Press books at your local computer store, 
they can be ordered directly from the publisher. Add $1.00 shipping 
and handling for each book; $2.00 for two or more books. (Foreign 
orders add $2.00 for each book). 

VISA, MasterCharge, or American Express orders can be called in 
toll free to 800-631-8112 (In NJ 201-540-0445). 

The Best of Creative Computing—Volume 1 - Ahl $8.95 
The Best of Creative Computing— Volume 2 - Ahl $8.95 
The Best of Byte - AhI & Helmers $11.95 
Basic Computer Games - Ahl $7.50 
More Basic Computer Games - Ahl & North $7.50 
Basic Computer Games—TRS-80 Edition - Ahl 
Be A Computer Literate - Ball & Charp $3.95 
Computer Coin Games - Weisbecker $3.95 
Problems for Computer Solution - Rogowski $4.95 
Problems for Computer Solution: Teachers’ Edition - Rogowski $9.95 
Computers in Mathematics: A Sourcebook of Ideas - Ahl $15.95 
Katie and the Computer - D’Ignazio & Gilliam $6.95 
The Impact of Computers on Society and Ethics: 

A Bibliography - Abshire $17.95 
Tales of the Marvelous Machine: Thirty-five Stories of 

Computing - Taylor & Green $7.95 
The Colossai Computer Cartoon Book - Ahl $4.95 
Artist and Computer - Leavitt $4.95 

Subscriptions to Creative Computing magazine are available for 
$15 for 12 issues ; $28 for 24 issues; or $40 for 36 issues. For foreign 
surface add $9 per year. For foreign air mail add $30 per year. 

Creative Computing Press 
P.O. Box 789-M 

Morristown, NJ 07960 



Preface 

This book is a collection of the best articles, 
activities, fiction, games, programs, reviews, cartoons 
and other information from the six 1977 issues of 
Creative Computing. \t’s been over two and a half years 
since the last issue of Volume 3 was put to bed. In 
these few short years the growth in computing 
accessibility to individuals has been phenomenal. 
Basically that’s what Creative Computing is all 
about—helping people use computers in innovative 
ways. 

People who want to use computers for art, music, 
education, simulation, modeling, budgeting, data base 
management, text editing, conferencing, or game 
playing will turn to Creative Computing. People who 
want to keep up to date on the role of the computer in 
society will be equally enthusiastic. 

But material over two years old? Considering how 
the computer industry has grown, with the rapid 
development of new computers and peripherals, and 
the software capability only wished for in 1977, 
wouldn’t this material have become outdated? Would 
not it at best provide an historical perspective? 

Reviewing the 1977 issues to compile this work, | 
was amazed at how current and vital the contents still 
are. It is the nature of the material itself that dictates 
this. Most of the authors are still in the forefront of this 
new field, pioneers in the industry. Their work captures 
the dedication to growth, the excitement in discovery, 
the stimulation in sharing knowledge that creates 
memorable articles, thorough reviews, worthwhile 
activities and programs, and imaginative games. This 
book, then, proves to be more than a foundation from 
which the reader can build his knowledge. Much of the 
material in this volume doesn’t yet have an ‘update.’ 

A good game is fun. Well written problem solving 
and programming techniques, language and program- 
ming theory materials are still scarce. Properly 
conceived applications for education, art, music, and 
science can still be state-of-the-art. 

Creative Computing , like the whole world of 
computing of which it is a part, seems to be 
perpetually changing—growing, improving, shifting 
gears. Yet, to a great extent, the themes remain 
constant. There are always features on_ artificial 
intelligence, art and graphics, education, medicine, 
text editing, music, and public access. More informa- 
tion. New information. Not a static repetition but a 
reverberation of shared knowledge that shapes new 
information. These themes were all found in the pages 
of Volume 3, and provide this collection with an 
impressive array of topics and authors. 

The book is a chapter in the development of 
personal computing. But, because it will generate new 
ideas, work and programs that will appear in future 
Creative Computing issues, it is still an open chapter. 
It is 336 printed pages, but it is also a spirit of 
adventure and creation. 

And growth. In many ways Creative Computing is a 
microcosm of the whole personal computing industry. 
David Ahl began Creative Computing as 68 pages of 
newsprint in acorner of his home office. His kids used 
to hand label the magazines for mailing. The day he got 
his one thousandth subscriber he had his grandest 
champagne celebration. But now that Creative has two 
buildings, fifty employees, a 192-page ‘slick’ magazine 
with a circulation of 80,000, there are no more gala 
celebrations. Everybody’s too busy. 

Burchenal Green 
May 1980 
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Trends Into the Future 

Two trends dominate hobby computers today. One is 
for computer freaks, and involves advanced hardware. 
Such as an Altair-compatible board that will store digi- 
tized versions of your voice in ‘training’ mode, and 
then, in speech mode, when it recognizes your voice 
speaking one of the previously recorded words, will 
cause that word to be printed (this is coming up in 
1977). There are already computer boards that synthe- 
size speech. So it won’t be long before computer freaks 
will be trying to get one computer to talk to another, not 
through wire, but by voice! 

Other computer-freak areas involve advanced graph- 
ics, computer music, interfacing to a breadboard, digi- 
tizing the output of a TV camera, etc. So much time is 
spent on getting these devices to work, that very little 
time is actually spent by these hobbyists on comput- 
ing. The emphasis here is on gadgeteering, on a con- 
stant search for the far-out and complex. 

The other trend is more and more toward the average 
consumer’s use of hobby computers. This means a cer- 
tain amount of using all-on-one-board machines such 
as the KIM-1, EBKA 6502 Familiarizor, and EPA 68, pro- 
grammed in assembly language. There are more of 
these all-on-one-board type of hobby computer than 
any other, one reason being that it’s the simplest com- 
plete computer in a single package, with a minimum of 
parts, and is thus much easier for a manufacturer to 
design and produce than the more complex multi-board 
machines such as the Imsai 8080 or Digital Group sys- 
tem. For the manufacturer, there’s very little labor in- 
volved, no sheet-metal work, no point-to-point wiring, 
and no construction manual to have to supply. A KIM-1 
offers the hobbyist the cheapest way to get his feet 
wet, to learn the basics of computing at minimum cost, 
without the need for an external keyboard, or connec- 
tion toa TV set or printer. 
Some of these all-on-one-board computers are so 

simple and cheap that they’d be hard to expand, and are 
fine for the person who’s quite sure all he wants is to 
learn the elements of computing without having to put 
too much money into a machine he might not use much 
after he figures.out how it works. 

For those who think they may want to expand their 
computer so as to be able to write longer programs, or 
to hook on an alphanumeric keyboard or cassette 
memory system, etc., several of these “compacts” 

have add-on boards. KIM-1 owners can buy the KIM-2 
4K RAM memory board, or KIM-3 8K memory. KIM-4 is a 
6-slot motherboard with all connectors and a regulator. 
And further KIMs are in the works. The EBKA expander 
board, which will ‘‘expand any 6502 or 6800-based 
microcomputer,” can be bought as an empty board, or 
with any or all of seven options, including kits for a 
PROM programmer, 4K RAM, 2K PROM, baud-rate 
clock and interfaces for serial, parallel and dual- 
cassette operation. 

A much more important average-consumer trend is to 
the wired-only computer that can be programmed in 
BASIC. As the hobby market appeals to more and more 
non-technical people, it will have to provide this high- 
level language, since such people will be interested in 
programming, and not at ali in assembly language, 
which is too tedious and time-consuming for all but the 
computer freak. As it turns out, incidentally, there are 
very few hobbyists who are really into heavy assembly- 
language programming; most of them use BASIC. 
Aimed directly at the mass computer-hobby market 

is the $495 PET 2001 table-top computer, with 9-inch TV 
screen, built-in audio-cassette unit, full keyboard and 
numeric keypad, 4K RAM user memory, and BASIC in- 
terpreter in 12K ROM, shown in prototype at the 
January 1977 Consumer Electronics Show in Chicago, 
and made by a calculator manufacturer (Commodore) 
that recently bought an IC manufacturing company 
(MOS Technology, makers of KIM-1). Another calculator 
manufacturer is said to be working on a similar home 
computer, although more expensive: with 32K, $2,000. 

This is where the major hobby-computer market of 
the future lies, not in the far-out hardware, but in an all- 
in-one-box computer that sells for less than $1000. The 
user won't care if the MPU is a Zilog Z-80 or an Intel 
4004. He wants to program, and he needs to be supplied 
with plenty of software and with plenty of tutorial 
material to teach him how to use the software and to 
write his own programs. A couple of the larger hobby- 
computer manufacturers are already considering hard- 
wired BASIC computers. This means a BASIC inter- 
preter in some form of read-only memory. 1977 should 
see several new BASIC machines, assembled only, 
ready to run, for less than $500. @ 

Stephen B. Gray 



EFTS: Living is Better Electronically 
Or IS IT? 

by Deanna J. Dragunas 

EFTS is a magic word lately. Pronounce its single non- 
sense syllable in front of the appropriate congressman 

(Koch, Tunny, Goldwater or a host of others will do) and 

watch them go apoplectic on you. Pronounce it in the bank- 
ing environment and see the faraway gleam in the eye of 
the banker which bespeaks potential profits, cost reduc- 

tions, and digging out from under the paper mountain that 
looms daily on the horizon. 

How can a simple technological concept that is in opera- 

tion to some extent in a variety of scattered applications 

cause such emotion-laden responses? 
Let’s look at the simple concept and see just what it does 

for and to both the consumer and the purveyor of EFTS 
services. 

EFTS, for those of you who have been out of the civilized 
world for three years or who have been ignoring Creative 
Computing except for the nonsense and games sections, 
stands for Electronic Funds 7ransfer System. It is aconcept 

that is a natural next step in the history of exchange and 
banking. 

Back in the good old days of barter, articles of value 
changed hands. Granted, it was difficult to pay for some- 
thing with one and a half sheep, but as long as you weren't 

fussy about nickels and dimes which didn't exist yet 
anyway, Survival on this basis was a pretty simple proposi- 

tion. 

About the time that taxes started to make sense, at least 
to those collecting and living from them, the advantages of 
precious metals over actual transfer of goods were realized. 
Transportability was a big plus. 

Let’s skip all the intermediate steps along the way and 
just accept the fact that from this beginning, we made it to 
the point where the medium of exchange consists of 
“money, where the vehicles for trade are merely tokens 
and not in themselves worth the avowed face value. These 
are paper dollars and pennies and nickels and dimes and so 

forth. 
Sending such tangible items can be both unwieldy and 

risky, so since the Middle Ages and the beginnings of 
modern banking, banks have often dispensed their clients’ 
funds on written orders to pay. Thus, the queen of Spain 
could direct the payment of funds to her agents in England, 
Italy and France without having the gold physically toted 
around the Continent or across the Channel. 

This practice evolved into our modern checking system. 
For many years, checks were physically sorted and shipped 

between banks. The convenience of checking accounts led 
to their acceptance and increased use. This made the 

bankers collectively smile, until they saw where it would 

lead them. 
A projection of growth in the use of checks made for the 

banking industry in the decade after World War Il showed 

that if banks continued in their merry manual way, by the 
1970's every man, woman and child in the United States 
would have to be employed as check sorters to handle the 

volume. 

This led to the development of those funny, semi- 
decipherable numbers on the bottom of your checks. They 

are referred to in the common jargon as MICR characters, 
Magnetic Ink Character Recognition characters. Instead of 
sorting the checks by human hand and eye, the banks now 
feed the checks into machines that can read the magnetic 

ink characters and do the sorting themselves. Never having 
planned a career as a check sorter, |am sure the majority of 

readers are as thankful for this development as | am. 
Implementing the MICR systems allowed banks to do not 

only sorting, but also actual account manipulations with- 

out human involvement. Once the checks reach the banks 

who own the accounts, the amount can be keyed onto the 

check and the numbers are read by computers which per- 

form the deduction or addition to the account whose 
number is encoded at the bottom of the check. 
A few people have been more than normally grateful for 

this boon from modern technology. These are the in- 
dividuals who quickly realized that people often come into 
the bank without their own deposit slips and use the desk 

deposit slips provided at the bank instead. Naturally, these 
do not have the account number at the bottom, but are 
blank. The account number is entered in handwriting by the 
depositor and back in the check-processing fiefdom, a clerk 
would enter not only the amount as was normally done, but 

also the account number. 

A few enterprising individuals who had access to MICR 
encoding equipment removed blank deposit forms, encoded 
their own account numbers on the bottom, and replaced 

them for the unwary to use to make deposits at the bank. 

Naturally, when the checks were run through the com- 
puter, the account encoded at the bottom was appropriately 

increased. 

At the end of a day or two in a busy city like New York, 

one’s personal account could experience a massive swell- 

ing from all the deposits made by all the customers who 
went to the bank. The judicious thieves made a withdrawal 
and disappeared long before the customers complained 
about the inaccuracy of their next statements or before their 

checks began bouncing. The greedy thieves got caught. 
Such problems have been solved, for the most part. But 

they may seem only minor interludes compared to the 
potential Pandora’s box that EFTS presents to the eyes of 
some. 

The use of checks is continuing to increase. This seems 
inevitable as long as the population or the amount of money 

or the amount of deferred payments in the economy con- 

tinues to grow. Despite the electronic help the banks have 
available in sorting and debiting and crediting and pro- 
ducing statements, a mountain of checks must still be 
physically handled every day. 

The next logical step to streamlining our fiscal existence 
is to eliminate as much paper as possible. This is what EFTS 
is all about. 

Imagine receiving bills in the mail, going to your tele- 
phone, dialing the bank’s computer and directing it by 



punching out the correct codes and amounts on your touch- 

tone telephone to move money from your account to the 
accounts of your creditors. Or imagine receiving a monthly 

statement that tells you the amount of your payroll deposits, 

what your utility and mortgage and phone bills were, and 
what your remaining account balance is. Or imagine going 
to a store and presenting your ‘‘credit’’ card and never 
getting a bill because entering the card into the ter- 
minal/cash register has automatically moved the payment 
from your bank account to the store’s account. Or, more 

simply, imagine using a teller terminal in an airport or a 
shopping center or a grocery store to make deposits or with- 

drawals from your bank account. 
Imagine any or all of these and you are thinking about 

Electronic Funds Transfer Systems. And all of these 
applications are at least on the drawing board, some of 
them in actual test operation. 

The technology that can support EFTS systems is a 
combination of computers, terminals and teleprocessing. 
Today’s large-scale computer systems are capable of 
storing on-line information on large numbers of accounts. 
Terminals are being designed in'more user and applica- 
tions-oriented ways: we don't fit the job to the terminal any- 

more, but we design the terminal for the job. And, because 
of our capability to send data quickly and accurately over the 
telephone system's communication lines and because of 
the more complex teleprocessing software that exists 

today, we can almost instantaneously update files and 

accounts. 
Voila! Away goes the paper check problem and here 

comes the age of cashless convenience. Or does it? 
Despite the apparent convenience of these systems, 

there are drawbacks, both technical and social as well as 
fiscal. Banks use EFTS systems today to transfer millions of 
dollars between themselves. An incident occurred a 
number of months ago that highlighted the vulnerability of 
such transfers to tampering. A large amount of money was 
transferred between banks, with all the appropriate check 

sums and verification data to ensure that interference in the 
telephone lines would not cause errors. Apparently the 
check sums and tallies were not as complex to fathom as 

the banks had hoped, and some person or persons changed 

the data to credit other than the directed accounts at the 
receiving bank. The paper confirmations of the electronic 
transfers lagged by the usual few days, long enough sc that 
fund withdrawal had already been made by the thief or 
thieves. 

A simpler case involved a direction sent ostensivly from 
one bank to another to pay a designated agent a specific 
sum of money. All was as it should be, except that the 
messages from that bank usually came ata different time of 
day. The receiving clerk noticed this, checked it out, and dis- 

covered that the bank had never sent the payment order. A 
knowledgeable outsider had dialed the computer. A trap 
was laid and the culprits were caught. 

There are other little problems with current implementa- 

tions of EFTS systems. Dave Ahl’s item in the March-April 

1976 issue of Creative Computing exemplifies the problems 
of dealing with the unusual, in his case, a foreign check, ina 
system designed to deal with the normal. 

lf we assume that the inter-bank and customer-to-bank 
transmission integrity problem will somehow be solved, or 

at least that the Federal Deposit Insurance Corporation will 

brace itself for a rash of insurance payments to banks and 
customers that have been swindled, there are still 
philosophical and operational problems to solve before we 

decide to do away with both hard cash and checks forever. 
The reason that Congress and consumer and civil 

liberties groups are wary to the point of legal action to pre- 

vent the immediate implementation of full blown elec- 
tronic funds transfer systems is the potential danger to 

personal privacy. An example may point up the concern 

better than a detailed discussion of what privacy entails. 
A user of a direct funds transfer system in which a credit 

card type of authorization is required for each transfer 

would probably receive a periodic, perhaps monthly, state- 
ment of account giving at least the remaining balance. In 
case of disagreement between the individual and the bank, 
some sort of record must be available to back up the bank’s 
claim against the customer's claim of what the appropriate 

balance should be. To be useful, this would have to be a 
detailed listing of times and places of financial transfer 
authorizations. Had a well-meaning gentleman requested a 
statement, he and his wife might discover that there is an 
entry that shows the husband checked into a San Francisco 
hotel with his wife on the same day that his wife purchased 
groceries in Boston. Obviously, an error has been made. 
Whether it has been a human error in judgment by the 

husband, or an electronic error or potential computerized 
theft which is the bank's responsibility remains to be deter- 
mined! 

However, the fact is that to ensure accuracy and 

auditability, the bank must collect what amounts to a 
dossier on the activities of its customers that rivals that 

even thought about by the CIA or FBI and kept in only 

sketchy form today by credit card companies. 

What had been a technically feasible, operationally 

desirable approach to speeding cash flow has become a 

question for the courts to settle. How much information 
must be kept to ensure accuracy and auditability? What 
information may not be kept? How long may or must 
information be kept? Very importantly, who can see the 
record of cash transfer activities besides the account- 

holder? 

Dave Ahl’s article, “The Magic of Electronic Funds Trans- 
fer’’ in the March-April 1976 issue also brings up another 
problem, a problem of monopoly. All banks may not have 

EFTS systems. And all banks do not offer the same services. 
Foreign checks could not be cashed by the banks which 

handled the Creative Computing account because of a 
change in foreign exchange regulations. But because of the 
processing that was done by the interbank EFTS system, CC 
was charged for not processing these checks. The EFTS 
charge was relatively large, almost as large as the amount 
of the checks. 

Initial EFTS systems will be very expensive to install and 

support. However, they will be attractive for both their 
novelty and their convenience. Only large chains of re- 

tailers will be able to absorb the costs and still retain 

competitive prices on merchandise. This means carrying 

money or using credit cards at smaller establishments or 
simply avoiding these places and giving the larger busi- 
nesses a competitive advantage. 
Another problem may present itself to the consumer of 

today's credit. There are some people and some busi- 
nesses that remain solvent only by the grace of the delay 

between the time a check is written and the time their 

accounts are finally debited. This is called a “‘float.’’ Having 
worked for at least one now successful business which 
would have gone down the tubes without the grace of paper 
delay, | expect some resistance to certain potential imple- 
mentations of EFTS systems. 

For instance, can a bank grant a mortgage and require 
that an authorization for a direct EFTS payment of the 
monthly mortgage be a condition of the loan? It is not the 
payment itself which is in question, but whether such a 
requirement infringes on individual liberties, in this case 
the right of the individuai to live as dangerously close to 
insolvency as possible. 

EFTS is now at that formative controversial point where 
consumers, technologists, Congress, and the courts are 
trying to decide not only what types of technology may 
implement EFTS, but also what type of world it will help us 
create. @ 



The World In 
Your Own Notebook 

John Lees 

Imagine having your own _ self-contained 
knowledge manipulator in a portable package the 
size and shape of an ordinary notebook. Suppose 
it had enough power to outrace your senses of 
sight and hearing, enough capacity to store for 
later retrieval thousands of page-equivalents of 
reference material, poems, letters, recipes, re- 
cords, drawings, animations, musical scores, 
waveforms, dynamic simulations, and anything 
else you would like to remember and change. 
Such flights of imagination are what one would ex- 

pect to find as the basis for a well-written science- fic- 
tion novel, or perhaps as the musings of a Creative 
Computerist wishing she could carry the school com- 
puter system to the park and use the text-editing facil- 
ities to write poetry while sitting under a tree. It isn’t 
often that such an idea is the basis for a serious re- 
search effort by a major company, in this case the 
Learning Research Group of the Xerox Palo Alto Re- 
search Center (PARC), which recently released its 
latest report on Personal Dynamic Media—the 
Dynabook. 

Actually, Alan Kay’s original draft note (August, 
1972), suggesting that PARC conduct research into the 
effects of personal dynamic media, did begin with the 
rejoinder that it should be read as science fiction. This 
was appropriate caution, since the newly marketed 
Hewlett Packard HP-35 was just then giving a first 

Cardboard mockup of a Dynabook rs 

glimpse into how quickly miniaturization would put 
large amounts of data-handling ability into very tiny 
packages, and it was still two years before MITS an- 
nounced the Altair. So one might very well think of the 
research on Dynabook as being applied science fiction; 
the investigation of a plausible “what if.” 

The Learning Research Group at PARC sees in the 
power of computing the ability to provide a new kind of 
media. Until now, all media have been essentially pas- 
sive. Newspapers, books, films, radio, television: all are 
media forms which one may watch, but not interact 
with, not participate in on an individual basis. The few 
specialized exceptions to this, coloring books, primi- 
tive computer time-sharing systems, etc., have been 
limited at best. What was desired was a flexible, dynam- 
ic, active, personal medium which could help a person 
to learn about, interpret, and interact with the world. 

So a new technological device was designed; a de- 
vice not yet possible to manufacture but within the 
reach of present technology: ‘‘The size should be no 
larger than a notebook; weight less than 4 Ibs.; the vis- 

ual display should be able to present at least 4000 print- 

An interim Dynabook 
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ing quality characters with contrast ratios approaching 
that of a book; dynamic graphics of reasonable quality 
should be possible; there should be removable local 
file storage of at least one million characters (about 500 
ordinary book pages) traded off against several hours of 
audio (voice/music) files.”’ It is envisioned that a 
Dynabook will cost about $500, which should be inex- 
pensive enough for school systems to supply Dyna- 
books free to their students, since textbooks would be 
replaced by Dynabook removable files. 

Since this ideal is not yet technologically possible, 
the Dynabook is being implemented with existent hard- 
ware, refered to as interim Dynabooks, so that the ef- 
fect of the Dynabook concept on learning and educa- 
tion can be studied. The interim Dynabooks meet es- 
sentially all of the hardware objectives except size and 
cost and they provide the opportunity to develop the 
all-important software for Dynabook. Given the present 
state of the art, software development is much more 
difficult and time-consuming than hardware develop- 
ment. Dynabook will eventually be put together from 
more or less “off the shelf” hardware components, but 
the software which will give life to the concept must go 
through a long and arduous process of development if 
it is to aid and not hinder the goals of a personal 
dynamic medium. 

The software system being developed for Dynabook 
is known as Smalltalk and its capabilities are truly 
amazing. [See “Learning About Smalltalk,’ Sep-Oct 
1975 and “A Smalltalk Airplane Simulation,” Mar-Apr 
1976 Creative Computing.] With the graphic capabilities 
of an 82 by 11” display composed of over one million 
points, some really fantastic things are possible, from 
the planned book-quality printing in any desired font up 
to animated cartoons, musical scores that can control a 

synthesizer, all manner of simulations, the ability to 
“paint” on the display as if it were a canvas, and just 
about anything else an imaginative person can think of! 

Smalltalk is a very powerful yet easy-to-use language 
which deals with objects in process. The idea is that 
“simple things should be very simple (while not con- 
straining later expert use) and complex things should 
be very possible.” Rest assured that Smalltalk is like 
nothing you’ve every seen before! Implemented at pre- 
sent only on the interim Dynabooks, Smalitalk itself is 
going to cause an upheavel when it gets out into the 
world. 

So there you have it; a short introduction to an idea 

which may change your world. Dynabook could very 
easily be a reality by the end of this century. It isn’t too 
far-fetched to say that the much touted ‘“‘computer age”’ 
will truly have arrived when something such as the 

"ai--were Tf Sarat ABUT” eTHT TAT AAT 

"ara aro > Har we seAt a fat FA AFT 

area a? 

Sanskrit Caso 

Dynabook becomes common. At the present time com- 
puters have not so much changed our lives as they have 
made it possible for existing institutions to continue to 
exist in a rapidly expanding world. Banks, for instance, 

would have become impossible ten years ago without 
the aid of computers, but only now with the first uses of 
Electronic Funds Transfer systems is the basic 
character of the institution of banking beginning to 
change. 

The Dynabook concept has the potential to affect ina 
very basic way a great number of our society’s institu- 
tions. The impact of the next new medium, Dynabook, 
could be earthshaking. 

Look at what will be affected by widespread use of 
Dynabooks and particularly by widespread use of 
Dynabooks in networks, via phone lines or cable televi- 
sion systems. For correspondence (and the postal 
system)—the Dynabook has all the capabilities of a 

typewriter in a smaller, more versatile package, and can 
send and receive letters in addition. In publishing, 
Dynabook is a personal printing press. Your textbooks 
can be amemory file, your family can receive its news- 
papers on a reusable file, its monthly magazines on 
another reusable file. Forests will have a chance to 



Dripping Faucet 

grow again! Someday you will be able to access the Li- 
brary of Congress by plugging into a network. In educa- 
‘tion, the new learning activities possible are boundless, 

and they will depend less and less on dedicated school 
facilities. As for calculators, televisions, radios, all 
would face a very stiff challenge. Television in par- 
ticular would be in for trouble—who’s going to watch 
poor television programs if they can link up with all the 
other kids on the block for a game of really super 
Startrek or Startrader? The possibilities boggle the 
imagination! 

It’s all been said before, you say. People are always 
saying great things will come of computers and nothing 
ever happens. Bah, humbug! 

Oh, yeh? Don’t forget we’re talking about personal 
computing, not about a monster machine somewhere 
with terminals all over the place. That’s the difference. 
Look what happened with hand-held calculators. The 
same thing could happen with Dynabook. The impor- 
tant thing to realize is that Dynabook would be 
distributed computing with centralized information. 
The cost of making information and knowledge avail- 
able is going up fast. In that climate, distributed hard- 
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ware and centralized information make worlds of sense. 
Programming is expensive. Let each individual do the 
programming! 

Maybe Dynabook is just a dream. | certainly hope not. 
Many’s the time I’ve wished | could wander around or 
go sit under a tree with the book I’m reading and a 
sketchpad and a typewriter but haven’t done so be- 
cause | didn’t want to pull a wagon. Maybe someday I'll 
be able to just pick up my Dynabook and walk out the 
door. It sure would be nice. I’ll keep on hoping; some 
dreams do come true. & 

Thanks to PARC for permission to use quotes and 
photographs. 
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Keny, Meeny, Micro 
And More 

Alan B. Salisbury 

Until the relatively recent arrival of the microprocessor and 

microcomputer on the scene, ‘‘personal computing” has been 
largely limited to the privileged few with access (authorized or 

“bootleg”’) to the computer facilities of their employers or the 

computers in their schools, colleges and universities. A mere 
handful could be tound who could either afford to buy their 

Own minicomputer or were resourceful enough to construct 

their own equipment. 

This picture is rapidly changing. As the readers of Creative 
Computing are well aware, the age of the affordable computer 

has already arrived for many and will soon be here for the 

rest—all thanks to the microprocessor. For the computer hob- 

byist considering buying or building a personal computer, there 

are many factors which should be taken into consideration. 

Some Definitions 
First, the distinction between a microprocessor and a micro- 

computer should be clearly understood. A microprocessor can 

be simply defined as a central processing unit (CPU) on a 

single LSI chip (or, in some cases, set of chips). As illustrated in 

figure 1, the CPU consists of the arithmetic and logic unit (ALU) 
with its working registers, and the control unit of a computer. It 

therefore does not include the main memory or the input/out- 

put driving circuitry and interfaces. Earlier microprocessors even 

excluded the clocking circuitry from the basic CPU chip. 
To qualify as a microcomputer, the total hardware, a micro- 

processor may be available as a single LSI chip, while a micro- 

computer may be available on a single card. We can carry this 

one step further and define a microcomputer system as a micro- 

computer plus the required supply, control panel (this may be as 

little as an on/off switch), chassis or cabinet, and some (at least 

minimal) input/output devices. 

Microprocessors 

With this perspective, one can now appreciate that a $19.95 

microprocessor is a long way from being a working computer 

(typically, at least several hundred dollars away). Still, within 
every microcomputer there beats a microprocessor heart that 

gives it its ‘‘personality.”” The implications of this are many and 

some of these will be discussed later in this article. For now, 

let’s take a closer look at the types of microprocessors common- 

ly found. 

ome DATA/INSTRUCTION FLOW 

It was mentioned earlier that the CPU may be on a single chip 

or made up of a set of chips. Single-chip CPU’s are most com- 

mon today. They accommodate a fixed word size of 4, 8, 12, or 

(recently) 16 bits, and have a fixed (predefined by the manu- 
facturer) instruction set.' Both binary and binary-coded-decimal 

modes can be found, and the total number of different machine 

language instructions available is on the order of 100. Typical in- 
structions execute in several microseconds. 

A good example of this type of microprocessor is the popular 

Intel 8080 (see Figure 2). The 8080 is an 8-bit microprocessor 

with 78 different instructions, packaged in a single 40-pin dual 

in-line package (DIP). Pin-compatible 8080's are also available 

from other sources in addition to Intel. Newer versions of the 

8080 operate faster, require less external support, and some 

have expanded instruction capabilities. 

For comparison, Table 1 illustrates characteristics of several 

of today’s more popular microprocessors. These are the ones 

1. Suggested background reading for those not familiar with these terms is 
“Beyond Basic”’ in the Nov-Dec 1976 issue. 
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found in many of the microcomputer systems and kits currently 

on the market. The Z-80, in particular, is interesting because of 

its relationship to the 8080. While it is not pin-compatible with 
the 8080 (that is, you can’t unplug one and replace it with the 
other), all 8080 instructions are also present in the Z-80, and 

therefore an 8080 program will run on the Z-80. The Z-80 can be 
viewed as a “super” 8080 with a lot of expanded capabilities. 

(Note, however, that a Z-80 program will not necessarily run on 
an 8080!) 

In addition to the basic CPU chip, each micro is complemen- 

ted by a set of available memory and |/O interface chips. 

Caution must be taken in selecting add-on memories and such 
to insure that chips are compatible with one another (that is, 
common logic voltage levels and the like), or, in the case of 
complete cards, that they will properly interface with one 

another. True industry-wide standards do not yet exist in this 

area. 

“Bit-Slice” Micros 
A separate class of microprocessor chips is referred to as “‘bit- 

slice.’ Each bit-slice chip contains an elemental portion (for 

example, 2 bits) of an arithmetic and logic unit plus a similar of 
the working registers. An 18-bit CPU (Figure 3) could be 
assembled in this case by interconnecting 9 register/ALU chips 

and adding a separate chip for the control unit. Machines of ar- 

bitrary size can be built in this manner. 

The control units for bit-slice micros usually do not have pre- 
defined fixed instruction sets. The detailed step-by-step 

execution of an instruction is governed by the information con- 
tained in a separate control memory. In effect, this kind of con- 

trol unit is a ‘‘computer within a computer’ and the control 

memory contents are referred to collectively as a ‘‘micro- 

program.’ It is therefore possible for the user to define his own 

instruction set, or to ‘‘emulate’’ (that is, copy) the instruction 

set of another computer in order to use the same software. 

Examples of bit-slice chip sets are the Intel 3000 and AM 2900 

series devices. Each series includes many devices to provide the 

capability of building very sophisticated computers, probably 

more ‘mini’ than ‘‘micro” in performance and complexity. Bit- 

slice micros are best left to the engineer or the hardware orien- 

ted hobbyist. 

Technology 

Most of today’s commercially available microprocessors 

utilize = n-channel metal-oxide-semiconductor (NMOS) 
technology. MOS technology is the technology associated with 
the ‘‘field effect” transistor. NMOS, although slightly more 
complex than PMOS, offers a decided speed advantage over 

the latter. 

The fastest microprocessors available are generally of the ‘‘bi- 

polar’’ transistor-transistor logic (TTL) type. Bi-polar technology 

is that used in the common PNP or NPN transistors. The density 

of these devices (that is, the number of equivalent transistors 

that can be placed on a single chip) is considerably less than 

MOS and the power required is higher. On the other hand, they 
Operate at much faster speeds. For these reasons, bipolar 

technology is often used in the bit-slice class of micros. 

A relative newcomer in the field is ‘integrated injection logic”’ 

or I2L, a relative of bi-polar technology. I2L promises densities 

and power requirements comparable to MOS, with speed even 

better than MOS. 

Memories 

Two types of memories may be used within micro- 

computers: ‘read/write’ and “‘read-only.”” Read only memories 

(ROMs), as their name implies, may be read but not written 

(altered) under program control. ROMs are most often em- 
ployed in microcomputer systems that are dedicated to a single 

application such as a process controller. The program in this 

2. Note that ““microprogramming” is VOT simply the same as programming a 

microprocessor! Generally, a microprogram defines the instruction set, while the 

machine language program uses those instructions. 
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TABLE 1. A Comparison of Several Popular Microprocessors 
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type of application normally remains constant. A small amount 

of separate read/write memory is often included for data which 

may be variable. Another use of ROMs is for the control 

memory of a microprogrammed computer as described earlier. 

In this case they are often referred to as ‘‘firmware.”’ Finally, key 

systems programs (monitors, interpreters, etc.) are sometimes 

provided by microcomputer manufacturers in ROM form to 

eliminate the necessity of having to read them into memory. 

General-purpose microcomputers of interest to the computer 

hobbyist require read/write memories for both programs and 

data. Read/write memory chips are usually called RAM (in con- 

trast to ROM), for ‘random access memory.” 

RAM's may either be “‘static”’ or ““dynamic.’’ Dynamic RAM's 

have the disadvantage of requiring a periodic ‘‘refresh”’ or they 

will lose their information, and this requires. extra circuitry. 

“Volatile’” memories of this type lose their contents when power 

is cut off, just as most pocket calculators do. Unless the system 

nas fairly high-speed input devices for loading memory, or keep- 
alive batteries, volatile memories leave a lot to be desired. 

A key factor concerning memories is capacity. Usually 

memory is available in increments of 1K (K = 1000) words. 

From the hardware standpoint a system should be able to ac- 
commodate additional plug-in boards to expand memory (that 

is, physical space in the cabinet, plus power), and the boards 

must electrically interface with the CPU. The more popular 

micros have already seen independent companies providing 

“plug-compatible’”’ memories for their products. From the sof- 

tware standpoint, a micro may be limited in the amount of 

memory which its instruction set can address, but that limt is 

generally considerably higher than most hobbyists will require. 

Connections between IC chips (CPU, memory, input/output 

interfaces, etc.) normally utilize ‘‘buses.’” A bus is simply a 

parallel set of lines grouped together as a set. More than one 

device can be connected to a bus at the same time with ad- 

dresses or ‘select’ lines used to cause the desired one to 

respond while others ignore a signal. Separate buses may be 

used for addresses, data, or control functions. In the case of 

memories, a CPU could, for instance, place a memory address 

on an address bus, a “‘read’’ command on a control bus, and 

receive the contents of the desired memory location on a data 

bus. 

Input/Output and Peripherals 

One of the biggest problems faced by the computer hobby- 

ist is finding suitable input/output devices at a reasonable 

price. Those who have spent much time on commercial minis 

or larger computers find the performance of the affordable 

range of input/output devices somewhat disappointing. 

Two general types of |/O interface are provided with most 

microcomputers. Serial interfaces (one bit at a time, sequen- 
tially) are probably the most practical since they can be used 

with more common input/output devices available for the 

10 

hobbyist. Parallel interfaces (multiple bits simultaneously, 

usually 8 to form a complete character) are more powerful but 

require greater equipment sophistication. 

The most economical input device available is a simple alpha- 

numeric keyboard. These are widely used and most microcom- 
puters have suitable interfaces either as a standard feature or 

as an option. A keyboard is ideal for interactive work such as 

working with short programs in BASIC. They can be quite 
frustrating, however, when used for loading long programs 

since they are limited in speed to the user’s typing speed. On 

the other hand, a full alphanumeric keyboard is far better than 

a limited numeric or hexadecimal (0 thru 9 plus A thru F keys) 

keyboard or set of sense switches; these devices require entry 

of data either in binary form or 4 binary bits at a time encoded 

into hexadecimal. 

On the output side, video terminals are both effective and 

practical. Their practicality stems from the fact that it is pos- 

sible to use a normal home TV set for this purpose without any 

modifications. Typically 1024 characters can be displayed on 

the screen at any time. Again, this is a very effective output 

medium for interactive use. The disadvantage here lies not in 
speed, but in permanence, since no “‘hard copy” is available. 

As with keyboards, interfaces for video output are generally 

available as options for microcomputers, and in some cases 

are standard. 

Medium and high-speed input/output devices and “‘hard- 

copy” terminals are still prohibitively expensive for most hob- 

byists. Surplus teletypewriters (with or without paper-tape 

readers and punches) are one of the better buys, but even so 

they probably cost two to three times the price of the basic 

microcomputer. Also, except for the mechanically minded, 

they can present troublesome maintenance problems. 

Cassettes 

Cassette tape recorder/players perhaps provide the light- 

on-the-horizon of the input/output and peripheral dilemma for 

the hobbyist. While special digital cassette tape drives have 

been developed for the computer industry, normal audio-cas- 

sette recorders are proving to be very satisfactory for per- 

sonal computing. Even the less expensive devices with reason- 

able quality audio tape work well. There are a number of tech- 

niques for handling digital data on audio tapes and, to date, 
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there are no real standards. Nevertheless, a few suitable tech- 

niques have been published and are finding wide acceptance 
for hobbyist use. 

The utility of cassettes lies in their ability to provide a high- 

speed (compared to keyboard) input medium and permanent 

storage for retaining long programs after they have been de- 
~ veloped. Standards further permit the exchange of programs 

in machine-readable form between those using the same stan- 
dard. 

Support Systems 

Several types of support systems are marketed to support 

development of microprocessors for industrial and commercial 

applications. These are aimed primarily at the developer of 

systems in which the program will be implemented in ROM for 

a fixed application. The idea is to permit use of read/write 

memory during development so that the expense and inflexi- 

bility of ROM’s can be delayed until all the bugs are out of the 
program. 
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Emulators (sometimes called in-circuit emulators) are essen- 

tially complete microprocessor or microcomputer systems 

with RAM instead of ROM. When a microcomputer with ROM 

is to be embedded in a larger system, an emulator can be in- 

serted in its place with its program in RAM to permit checkout 

of the overall system. 

Another way to test programs is by using a simulator. A 
simulator is usually a program that runs on a larger computer 

(often a time-sharing system) that simulates detailed execu- 

tion of a microprocessor program. It accepts microprocessor 
machine-language or assembly-language programs as input 

and produces the same output which the actual microproces- 

sor would, sometimes with diagnostic information included to 

help find program bugs. 

Software 
Probably the single most important factor that should be 

considered in selecting a microcomputer for personal use is 

as 

software. With very few exceptions, software written for one 

microprocessor type will not operate correctly on a different 

type. For example, an Intel 8080 program will not run on a 

Motorola 6800. Therefore, careful thought should be given to 

the microprocessor which will be the CPU of your microcom- 

puter. Its instruction set and registers make up its unique ‘’per- 

sonality” alluded to earlier. 

Staying with almost any of the mainstream microprocessors 

will ensure availability of a fairly wide range of software, some 
from the manufacturer of the chip itself, some from the micro- 

computer manufacturer, and some from other users and inde- 

pendent developers. There are differences in what's available, 

however, and it would be well to consider these according to 

individual needs and desires. 

Systems software availability will to a large extent determine 

the limitations of a microcomputer system. The various kinds 

of systems software were fully described in the Nov-Dec 76 

issue of Creative Computing, and most of the program types 

described in that article are applicable to microcomputers. 

Many versions of BASIC have been developed specifically 

for microcomputers, and they have varied capabilities accord- 

ing to the amount of memory available in a system. Minimal 

memory sizes of 1-2K words are required for almost any sys- 

tems software, with 4K really providing a baseline capability. 

Once again, readers are cautioned to beware of incompatibili- 

ties between BASICs, even though on the surface they may 

appear to be the same. BASIC for micros is usually of the in- 

terpreted variety rather than compiled. 

Compilers and assemblers with much sophistication are 

generally ‘‘cross’’ compilers and ‘‘cross’’ assemblers; that is, 

they compile or assemble machine-language programs for a 

particular microprocessor, but they themselves run on a 

larger computer, perhaps accessible through a time sharing 

system. 

Few true compilers for microcomputers are around today. 

The predominant language used for those that are available is 

PL/M, a derivative of PL/1 pioneered by Intel. A similar (not 

identical) derivative also beginning to appear is MPL from 

Motorola. 

Operating systems for low-end personal microcomputers 

are rather primitive unless considerable memory is available. 

Monitor facilities which aid in checking out programs are fre- 
quently found, often implemented in ROM. 

Summary 
Moving from a terminal on to your own truly personal com- 

puter can open up a whole new world of fun—and challenge — 

FOR THE COMPUTER HOBBYIST..Whether you decide to 

build your own or buy an off-the-shelf microcomputer, you 

should plan ahead, well beyond the system you initially obtain. 

As your capabilities and desires expand, so must your hard- 

ware and software. A carefully chosen system will be able to 

evolve along with your needs. 

The ‘‘big picture’ in the microprocessor/microcomputer 

arena is continuously changing. Many 16-bit microprocessors 

are either in production or already announced. Some are even 

microcomputers on a single chip, including one with the full 

NOVA instruction set! Another consideration is that TV games 

are rapidly approaching the classification of personal comput- 

ing, as the newest programmable systems from Fairchild and 

RCA have demonstrated. For some, this may be the best way 

to get into personal computing. 

Certainly it can be anticipated that new IC developments will 

soon be showing up in the assembled microcomputer and 

microcomputer kit marketplace. Waiting for this to happen 

may ensure you never get your own computer though, be- 
cause in this field there will always be something significantly 

better ‘‘just around the corner.’ @ 



The Pocket 

Computer is 
(Almost) Here 

In at least two semiconductor laboratories in this 
country, technical obstacles have already been over- 
come and production problems are now being solved 
on a battery-powered, pocket-sized general-purpose 
computer that can: 

1) sequentially access up to 13 million bytes of data 
from a_ self-contained half-ounce high-data-density 
micracassette, 

2) randomly access (or nearly so) up to 100,000 bytes 
of data from an internal continuous-loop tape, 

3) show up to 378 characters simultaneously on a 
low-power 2V¥2 xX 22-inch thin-film ‘flat screen” 
display, 

4) display graphics and slow-frame-advance low- 
resolution video on the same 128 x 128-dot dot-matrix 
screen, and 

5) send and receive at up to 1200 bauds. 

Introduction 
The pocket computer will be able to do much of what 

many general-purpose desk-top computers now do, but 
will be almost as small and as inexpensive as the more 
advanced of the recently introduced programmable 
pocket calculators. 

The device itself, in its most all-inclusive configura- 

tion, will look like a pocket dictating machine with a 
calculator keyboard and a miniature TV screen on its 
face. Although it will have only several more keys than 
many programmable calculators, it will be capable (with 
a shift key) of full USASCII character generation. Al- 
though its screen will resemble a small TV screen (22 
x 2'%2-inches, or so), it will actually be a lightweight (3 

to 4-ounce), X-Y-addressable thin-film dot-matrix dis- 
play (probably either 128 x 128 or 256 x 64). The lang- 
awaited “flat screen” display was finally introduced 
(with production commitment) at the December, 1975, 
International Electron Devices Meeting. 

The high-data-density microcassette subsystem, al- 
though less eagerly awaited (indeed, hardly talked of at 
all within the industry until its recent advent), is never- 
theJess the key to the power of the pocket computer. 
The common wisdom has long seemed to have had it 
that te achieve an error rate of 10° bits or better ona 
cassette system, there should be no more density than 

“Applied Electronics, P.O. Box 161, Forest Hills, NY 11375 
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800 BPI on only two tracks per cassette. However, a 
well-known nonprofit research organization has recent- 
ly developed a production-ready cassette subsystem 
with 7000 BPI and 8-track-per-cassette densities that 
has an error rate that is still 10°° bits. 

Furthermore, work is now being done to develop a 
continuous-loop microcassette system capable of ac- 
cessing up to 100,000 bytes of data at an average ac- 
cess time of 900 milliseconds (based on 15 inches of 
continous-loop tape moving at 82 ips at the above den- 
sities). Such a system would be able to replace or sup- 
plement high-ROM-need systems and would be able to 
supplement semiconductor RAMs in almost any ran- 
dom-access system, allowing subroutines in a program 
to be called in (or, indeed, even entire sequential pro- 
grams), One at a time, and reducing the need for semi- 
conductor RAMs. 

CREATIVE COMPUTING 

“Must you always bring your work home with you?” 
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Conventional Uses 
The pocket computer will be able to be used for many 

of the same administrative purposes that intelligent ter- 
minals and small general-purpose computers are now 
required for, especially order entry and other “‘fill in the 
blank” operator-prompt/data-check remote — batch- 
processing jobs. It will be especially helpful when a 
user wishes to take it from place to place (or home at 
night) for it should weigh only 20 ounces or so, not 40 to 
60 pounds as its counterparts of today do. In addition to 
its administrative functions, the pocket computer will 
be usable in many scientific applications; those that do 
not require extremely fast memory functions. 

The device will probably not have a printer as part of 
it, but hardcopy—either selective or entire reports— 
will be-able to be easily obtained by holding the pocket 
computer’s “send” telecommunication port to the 
telephone mouthpiece after first calling any ASCII com- 
puter, printer or Teletype (speeds of 1200 bauds can 
easily be achieved with smali microelectronic battery- 
powered acoustical couplers). Alternatively, the micro- 
cassette could be removed from the pocket computer 
and brought to any computer station with a micro- 
cassette reader. (Which we will see many of as pocket 
computers are introduced). 

Technical Problems 
Like pocket calculators, pocket computers will be 

designed to be able to be put together by hand in 10 to 
20 minutes. Although there will be a troublesome inter- 
connect problem—especially with display screens of 
128 x 128 dots or larger—the two most significant 
technical problems lie in fully debugging the micro- 
cassette (especially the continuous loop) and display 
subsystems. 

Regarding the microcassette system, reading or writ- 
ing continuously at high tape densities is not a pro- 
blem. Provided the address is not too long, the tape 
blocked by record and the tape speed kept down, 
searching can also easily be done. However, frequent 
starting and stopping followed by selective reading and 
writing can become more difficult (in high start/stop 
systems that require only data checking and indica- 
tions of nonstandard conditions, analog pulses can be 
added to the tape). The continuous-loop microcassette, 
when used only as a ROM replacement or addition, 
should present no problems. Problems will arise when 
too much writing has to be done and complex house- 
keeping routines have to be set up. If high-density 
selective writing results in too high an error rate, low- 
density writing could be used for RAM or, in some 
cases a system of double addresses and an either/or 
search system could be used to reduce the error rate. 

There are also problems with the display subsystem, 
but again none that are not able to be solved. The cad- 
mium selenide electroluminescent phosphorus thin- 
film display which has been most discussed recently 
requires a voltage that is probably too high for a hand- 
held device. Electrochromic displays, although they 
add the prospect of color and a memory within the 
display itself, require another year or two of develop- 
ment. Liquid crystal displays (LCDs) react too slowly to 
handle rapidly-changing illumination configurations (as 
would be needed to handle, say, large amounts of des- 
criptive data in an ‘‘advancing line” reading mode), nor- 
mally have no shades of gray and have X-Y-addressing 
duty-cycle problems. The first pocket computers will 
probably contain LCD displays, for although they are 
slow to react, they are cheap and the technology is 
available now to mass produce them for only a little 
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more than a 12-character line of light-emitting diodes 
(LEDs) 

Marketing Problems 
Although the two companies that have introduced 

magnetic-card-reading programmable calculators con- 
sider these devices small general-purpose computers 
(and technically they are, according to the textbook 
definition of acomputer: an electronic I/O device witha 
memory that follows a program it can store and re- 
sponds to co-directional instructions), most of us 
would include in the definition of a computer the re- 
quirements of full alphanumeric character generation 
and display capabilities, a multiline display and ex- 
tended sequential and random access. The companies 
who are most capable of introducing the pocket com- 
puter have a vested interest in the status quo, for they 
all also produce programmable terminals and/or small 
general-purpose computers and hence are reluctant to 
add a new competing line, and a lower-priced and 
lower-profit one at that. Primarily for this reason, 
special-purpose new-market versions of the pocket 
computer will probably be introduced first, the initial 
ones certainly before the end of the decade. 

One version would be for computer-assisted instruc- 
tion. Another would be for crime countermeasures, 
such as searching a pre-recorded microcassette (up- 
dated each morning over the telephone) for a license- 
plate number, a person’s name, a vehicle registration 
number, a stock certificate, bond or currency number. 

In years to come, the sky seems to be the limit. 
Future general-purpose versions of the pocket com- 
puter will allow numerous innovative uses, even the 
high-speed loading of newspapers, reference data or 
books at special coaxial loading stations. For more 
specific and less extensive data needs, eventually (with 
perfected optical scanning) the entire Library of Con- 
gress will be machine-readable and capable of being 
accessed through any telephone. & 



Microprocessors — 

A Primer 
Theodore J. Cohen, PhD 

A sophisticated electronic device known as the micro- 
processor will shortly have a profound impact on our 
way of life. Within a year or so, this device, about half 

the size of a matchbook, will be incorporated in a 

variety of consumer products ranging from automobiles 
to digital watches. 

What are microprocessors? Why are they important? 
How do they function? And how will they be used in 
consumer products? These are the questions answered 
here. 

The Heart of a Computer System 

All computers consist of five basic sybsystems: 
e An input device through which instructions and data 

are entered into the computer; 
e A central processing unit (CPU) which controls the 
computer’s operation; 

e An arithmetic logic unit (ALU) which performs math- 
ematical operations; 

e A memory, in which instructions and information are 
stored; 

e An output device, through which processed data leave 
the computer. 
The heart of this basic computer system, which con- 

sists of the central processing unit (CPU) and the arith- 
metic logic unit (ALU), can be incorporated on a single 
integrated circuit (IC) chip, and this chip is known as a 
microprocessor. 

While early microprocessor-based computers required 
a considerable number of IC’s (30 or more) to recover 
data from memory, second-generation microprocessors 
permit the construction of computers having as few as 
two chips. Thus, it is not unusual to find that the micro- 
processor is often referred to as a “computer on a chip.” 

A New Electronics Era 

Despite the rapid advances which have been made in 
electronics since the introduction of the transistor some 
30 years ago, many consider the development of the 
microprocessor as heralding the beginning of a new 
electronic era. The reasons for this are many. For ex- 
ample, some arithmetic and computational capabilities 

available in today’s microprocessor-based systems 
would be impractical to duplicate using more conven- 
tional circuitry. Then, too, the use of microprocessors 
results in drastically-reduced product design time, re- 
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duced product complexity, and hence, lower product 
cost. Finally, microprocessor-based products can be 
programmed to execute a sequence of instructions, and 
thus can control, or interact with, a variety of instru- 
ments, machines, and systems. 

In short, the capabilities inherent in microprocessor- 
based products represent a significant advance in com- 
putational and control circuit design. 

The Microprocessor as a Circuit Element 

As already seen, a microprocessor can form the heart 
of a computing system... the heart of a microcomputer, 
if you will. Here, the microprocessor, together with such 
additional components as read-only memories (or 
ROM’s, which are used to store the microcomputer pro- 
gram), random-access memories (or RAM’s which are 
used to store data) and interfaces for peripheral devices, 
is SO connected as to perform computations and to make 
decisions. The microprocessor determines what external 
devices should provide or have access to data, performs 

calculations using the data provided, and makes deci- 
sions based on these calculations and upon timing con- 
straints which may be imposed by the user. Looked at 
another way, the microprocessor, which is only one 
component of a microcomputer, coordinates the activ- 
ities of the memories and the input-output devices, and 

=> DEVICE AND MEMORY ADDRESS 

MICRO- 
PROCESSOR : 

ROM RAM 

PROGRAMS) (DATA) 

<Qummmm> PROGRAMS AND DATA 

control <__)D 

MICROPROCESSOR-BASED 

COMPUTER SYSTEM 



Intel’s 8080 microprocessor, a popular second-generation device, con- 
tains the equivalent of 5000 transistors as well as most of the basic 
operational features found in present-day minicomputers. The chip it- 
self is about 1 cm2 and 0.1 mm thick. It is mounted on a plastic package 
called a DIP (Dual In-Line Package) about 5 x 1-1/2 cm. The MPU is 
dwarfed by the other discrete components (resistors and capacitors) on 
the PC board. 

performs logical or arithmetic operations on the data 
stored in RAM. Used in this manner, the microprocessor 

makes it possible to incorporate decision-making and 
data-processing capabilities in a variety of products 
ranging from automobiles to watches, and from cal- 
culators to television receivers. 

There’s a Microprocessor in Your Future 

If you drive an automobile — and most of us do — there’s 
a microprocessor in your future. The need for more de- 
pendable, fuel-efficient vehicles makes the automobile 
a prime candidate for early applications of micropro- 
cessor technology. Through the use of an on-board 
microcomputer, it will soon be possible to monitor such 
diverse parameters as engine speed, ignition timing, 
engine temperature, compression, and emission, and to 
determine automatically that point where fuel economy 
and emission control are optimized. It will also be pos- 
sible to determine more accurately when shifting should 
occur, thereby minimizing transmission damage. Even 
diagnostic analyses of critical engine functions will give 
the driver advance warning of impending breakdowns. 

While the on-board microcomputer is monitoring your 
vehicle’s performance, it will also be watching out for 
you, making your ride smoother and safer. Don’t worry 

OUTPUT 

MEMORY 

ABASIC COMPUTER SYSTEM 

15 

about your doorlocks; the computer will lock the doors 
for you once your car's speed exceeds 5 m.p.h. The 
microprocessor-based computer will also monitor your 
braking system (to prevent lock-up), and your speed 
(to warn of excesses). The onboard computer will even 
be able to provide anti-theft security by disabling the 
ignition control system when your car is entered without 
a key having been used. 
Now that your appetite is whetted, consider how 

microprocessors will be used to improve the perform- 

ance and capabilities of the following products: 

Digital Watches 

Engineers are already working on microprocessor- 
based watches that will include a calculator, an alarm, 
and an interval timer. It may even be possible, someday, 
to own a watch which provides personal physiological 
monitoring. 

Hand-Held Calculators 

While mature, the calculator market is certainly not 
saturated. Newer more complex units will soon be avail- 
able, and some may even be able to monitor such body 
functions as blood pressure or pulse count. 

Television Receivers 

Microprocessors will permit the expansion of today’s 
television receiver into a comprehensive recreational 
and entertainment center. Through advanced tech- 
nology, it will be possible to play a wide variety of 
games, either against an opponent or against the micro- 
computer itself. Liberal use of color will make video 
games more exciting as will the generation of more real- 
istic game sounds. It will even be possible to play games 
which provide a challenge to players having a wide 
range of skills; in this way, users will not lose interest as 
their skills improve. 
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An Electronic Revolution 

A revolution is upon us! Developments in microproces- 
sors are changing the electronics industry at an unpre- 
cedented rate. As a result of the changes, a new genera- 
tion of “smart” consumer products will soon be avail- 
able . . . products which are not only more capable, but 
which are also designed to analyze data and to make 
decisions which permit a variety of tasks to be per- 
formed in a highly efficient and dependable manner. 

Portions of this article appeared in “Microprocessor 
Technology — An Electronic Revolution,” T. J. Cohen, 
Sea Technology, March 1976. @ 



Coin-in-the3— 
Computing ara 
Public LiDrary mins 

The public library, a fixture in every community, is a 
natural location for public-access computing. The con- 
cept that a public library is a place where you only take 
out books has gone the way of the Stanley Steamer. If 
your library doesn’t loan out records and artwork, if it 
doesn’t hold field trips and events, then it’s time to 
throw out the library board. In fact, the modern public 
library can be thought of as a complete community in- 
formation and activities center. 

At a community information center, it’s only natural 
that public-access computing be available. In a public 
library, the computer should not have any restrictions 
on its use. If it’s to be used for fun, so be it; if it’s to be 
used for business, that’s all right too. Programs of 
general interest should be made available for people 
who know nothing about computers. Storage facilities 
or media should be available for those who wish to 
write their own personal programs or store their own 
data. Courses on computer applications and program- 
ming should be offered, and events such as contests 
and fairs should be held. 

The first installation to try to achieve these aims is at 

*Consultant to the White Plains Public Library 

Wang 2200B minicomputer at White Plains Public Library, with coin- 

box timer at left. 
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the White Plains Public Library, in Westchester County, 
near New York City. In order to place a computer in a 
public library, several unique conditions had to be met: 

1. It had to be installed as a concession, since the 
capitol budget of the library couldn’t stand the 
cost of an outright purchase. 

22 A fee for use had to be charged, not only to pay 
for the installation, if possible, but even if the 
money were not needed, to engender respect 
for the value of the service and equipment. 

$}. The computer had to be as self-service as 
possible, since it could demand only minimal 
support from the library staff. 

The computer used in this installation is a Wang 
2200B minicomputer with 8K of user memory available. 
The Wang was chosen because it has a permanent 
BASIC interpreter and operating system in ROM, a non- 
menacing typewriter-like keyboard and a 12-inch 
(diagonal) CRT. Their users group, called ‘“SWAP,” was 
also available as a source of programs in several 
categories. The programs are stored on cassette tapes, 
which are kept at the reference desk. Also available at 
the reference desk is the complete set of reference and 
programming manuals. 

In order to charge for its use as well as provide for the 
minimal support from the reference staff, the computer 
is coin-operated. The coin box is a timer, similar to 
those found in coin laundries, which interrupts the CRT 
line to blank the screen of the CRT when the time is up. 
When more coins are inserted, everything is restored as 
it was. The charge is presently 25 cents for 4% minutes 
($3.50 per hour). 

To use the computer for the first time, a patron has to 
follow instructions on a wall chart above the computer. 
At acertain point, the CRT takes over and the programs 
provide their own operating instructions. The collection 
of software consists of games and demonstrations, 
personal finance, educational demonstrations, mathe- 
matics, statistics, finance and engineering. The list of 
programs available (below) is as provided for library 
patrons. As expected, the most popular use of the com- 
puter is game-playing. Bowling tournaments have been 
held and trophys awarded, a library first. In addition, an 
ongoing Startrek competition is on cassette. One un- 



usual program, which unfortunately was banned, would 
have helped improvers of the breed massage statistics 
derived from the pages of the Daily Racing Form as an 
aid to investment decisions. The library would not let 
that program be offered even though the basis of the 
program came from a book borrowed from the library. 

The future for community computers in public librar- 
ies is cloudy. Public institutions are lucky these days to 
maintain what they have and can hardly be expected to 
invest in “way-out” ideas. The average library director 
is not familiar with computers and perhaps is a bit 
afraid of them. A concession would overcome these 
problems but revenues from use alone are at present in- 
sufficient to make it profitable. Additional revenue from 
courses and seminars would help, as wel! as add to the 
pool of users of the system. One service that is feasi- 
ble, but has not been implemented due to lack of time 
and money, is self-service retail information-bank ac- 
cess. Information banks are vast bibliographic re- 
sources on disks. The two most relevant to general 
public use are Lockheed’s ‘‘Dialog,” with technical, 
educational, psychological, business and many other 
bibliographical abstracts. The other is the New York 
Times Information Bank with access to 25 million ar- 
ticles from New York Times and dozens of other 
publications. Another service that would be useful in 
the White Plains Library would be ‘“‘Lexis,” the legal in- 
formation bank, since the library shares the same plaza 
as the county and state courthouse. The use of these 

LIST OF COMPUT-O-MAT PROGRAMS 

INTRODUCTION TO COMPUTERS -- Recommended for library patrons 
who are not familiar with the Comput-O- Mat, 

GAMES -- This side of the cassette contains 7 game programs: 
Horse Race 
Craps 
One-armed Bandit 
Tic-Tac-Toe 
Blackjack 
Bowling 

Football NON RWNe 

BRAIN GAMES -- This side of the GAMES cassette contains 5 more 
advanced game programs: 

Cryptograms 
Submarine Commander 
Arithmetic Quiz 
Stock Market 
Guess 
Linar Lander 

* 
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*Recommended for adults with some knowledge of basic securities 

transactions. Game is designed for two or more (up to 10) players. 

NEW GAMES -- This cassette contains 6 additional games: 

Computer Reader & Advisor 
Flying Saucers (up to 4 players) 
Space Challenge 
GHOST -- a word game 
Calendar 
HANGMAN -- a word game DO Wwe 

Side 2 

1 Pizza Delivery Game 

2 Biorhythm Analysis 
3 Game of Life 
4 Wonderama Snake Can Game 

CONSUMER FINANCE -- This cassette contains 3 programs: 
1 Balance Your Checkbook - This program reconciles a user's 

checkbook against his bank's statement. 

2 Consumer Loans - There are two parts to this program, The first 
part displays interest rates and payment amounts for mortgage loans, 

auto loans, home improvement loans, or personal loans available from 
several banks in the White Plains area, The second part checks an actual 

loan for compliance with the requirements of the Federal Reserve 
Regulation Z (Truth in Lending Act). 

3 Witholding - This program calculates your Federal, State, and City 
witholding tax. 

HUNTINGTON I -- This cassette contains 7 educational demonstration 
programs in a variety of fields: 
1 DECAY2 - (Physics) -- Solves problems involving decay of radio- 

active elements. 
2 QUADRT - (Math) -- Solves for the roots of a quadratic equation. 
3 CLIMAT - (Earth Science) -- A quiz program in climatology. 
4 EQUILI - (Chemistry) -- Solves problems involving chemical 

equilibrium of solutions. 
5 NZYMC - (Biology) -- Computes enzyme activity as a function of 

pH, temperature, etc. 
6 STOCK - (Social Studies) -- Simulates stock market transactions. 
7 AVERG2 -(Teacher Aid) -- Calculates class average grades. 
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The public library, a fixture in every 
community, is a natural location for 
public-access computing. 

data banks, however, can run from $50 to $200 per hour 
on a retail basis, with the average search taking 15 
minutes. Those fifteen minutes might replace a week or 
more of catalog work. Many businesses and univer- 
sities subscribe to these services, using a terminal for 

access. 
This service could be offered on a self-service basis 

with local credit-card billing. The library computer 
would check the credit of the patron and initiate the call 
to the information bank using an automatic dialing unit. 
It would perform the necessary handshakes, prepro- 
cess data and keep tabs on the customer’s bill (even to 
the point of signing off automatically when a preset 
time and/or money limit is reached). Training on how to 
use particular data banks could be provided by pro- 
grams that “play” information bank, as well as by 
seminars. There are some libraries now that offer this 
service, but it is tax-supported either through library or 
NSF funds. 

The role that the new personal computers can play in 
the future of public-access computing in libraries is 
also under investigation. @ 

©CREATIVE COMPUTING 

...We’d like to put two bucks on “Happy Daddy” running in 
the seventh today... 



Computer Power 
to the People! 
The myth, the reality, and the challenge 

David H. Ahi 

The following is a lightly edited transcript of a presenta- 
tion originally given at the “Man and the Computer” 
symposium at Dartmouth in December, 1976. Modified 
versions have also been given at several other educa- 
tional 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 supermarkets—the little product code 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 pro- 
duct 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 with an on-line computer 
program. College admissions at, 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 computer 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 
invention of the computer, it’s having a tremendous im- 
pact on our lives. It is having an impact on our lives 
similar to that of the printing press, but instead of tak- 
ing some 400 years to make its effect known, the com- 
puter is having a vast effect in something 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 dif- 
ferent questions. We posed statements and asked 
them “Do you agree with this statement 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 socie- 
ty? For the most part, there was pretty good agreement 
that computers would improve education somehow, a 
very substantial agreement that computers would im- 
prove law enforcement, a little less agreement, par- 
ticularly amoung younger people, that computers 
would improve health care; and some agreement that 
computers are worthwile for prevention of fraud 
through credit-rating data. This last one is interesting. 
The question was asked in the AF/PS/Time Magazine 
survey just four years before this one; the percentage 
of people that felt credit checking was a good applica- 
tion dropped from 74% to 64%, so 10% more people 
today have doubts in contrast to four years ago. | guess 
in four years many people have gotten stung in one way 
or another by credit ratings or other foulups. 
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The computer will have an impact similar to that of the printing press except shouldtake 
30 or 40 years instead of 400. 
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Do you feel you can escape the in- 
fluence of computers? 

Influence of Computers __ 
We asked some questions about the threatening 

nature of computers. Do you feel you can escape the in- 
fluence of computers? Well, people for the most part 
felt that they couldn’t; a suprising 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 pro- 
nounced among West Coast respondents, that the 
computer could influence the outcome of elections. 
Senator John Tunney of California was one of the big- 
gest critics of the use of computers to forecast the out- 
come of elections. Senator Tunney, if you’ll recall, was 
defeated in November, 1976. I’m not sure if computer 
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 
would be 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; | want to get on it and vote for the win- 
ner.” Or, “I was going to vote for the other guy, and he 
has lost, so | can’t be bothered going to the polls.”’ Well 
that may not affect the outcome of the national elec- 
tions, 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 number.” 

“Computers dehumanize society by _ treating 
everyone as a number.” 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 by treating them as a number. 

The Role of a Computer 
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 statement 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 com- 
puters a tool? Yes—a pretty substantial agreement that 
they are a tool. | think that’s a good thing. But | think it 
matters a lot whether people view it as an intellectual 
tool or whether they are thinking of it as a plain, or- 
dinary tool such as ahammer, for example. 

Do computers slow down and complicate simple 
business operations? 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 

Statistical Results of Survey of Public Attitudes Towards Computers in Society. 

ADULT (N=300) YOUTH (N=543) 

Strongly Strongly Strongly Strongly 

or Mostly or Mostly or Mostly or Mostly 

Agree Disagree Agree Disagree 

Computer Impact on the Quality of Life 

© Computers will improve education. 86.6% 5.9% 84.2% 4.5% 

® Computers will improve law enforcement. 81.9 3.3 70.0 10.1 

e Computers will improve health care. 78.6 5.3 54.1 11E9) 

e Credit rating data banks are a worthwhile use of computers. 64.2 13.4 64.0 7.6 

Computer Threat to Society 

e A person today cannot escape the influence of computers. 91.6 4.0 66.6 eg 

© Computer polls and predictions influence the outcome of elec- 

tions. 48.1 27.5 44.2 26.9 

e Computers dehumanize society by treating everyone as a 

number. 37.4 50.3 39.9 30.6 

© Computers isolate people by preventing normal social] inter- 

actions among users. 18.7 62.5 20.9 42.5 

Understanding the Role of Computers 

e Computers are best suited for doing repetitive, monotonous 80.0 10.3 57.0 21.6 

tasks. 

© Computers are a tool just like a hammer or lathe. 72.6 14.7 61.3 23.4 

2 Computers slow down and compiicate simple business opera- 

tions. 17.6 66.4 17.4 68.8 

e@ Computers will replace low-skill jobs and create jobs needing 

specialized training. 71.0 15.0 61.8 14.4 

© Computers will create as many jobs as they eliminate. 2.9 16.4 40.0 29.1 

Understanding of Computers 

®@ Computers are beyond the understanding of the typical person. 25.2 61.6 30.6 49.2 

© Computers make mistakes at least 10 of the time. 9.6 76.7 10.3 60.0 

e Programmers and operators make mistakes, but computers are, 

for the most part, error free. 67.0 19.3 72.3 13.3 
© It is possible to design computer systems which protect the 

privacy of data. 60.2 26.4 48.6 15.9 



In 1884 this was the proposed solution for moving ships across the Isthmus of Panama. 

people really fear that they might not be qualified for 
the jobs that will exist after the ‘“computer revolution.” 
Also on the jobs issue, we asked whether people feel 
that computers will create as many jobs as they elimi- 
nate? About two-thirds agree, but that leaves a fair 
number that disagree. You have to remember that peo- 
ple have always been fearful of any kind of industrializa- 
tion or technological breakthrough. The Luddites were 
anti-technology—to. them the industrial revolution: 
meant the machines were going to take all the jobs. 
Well, it just didn’t quite work out that way and | 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 understand- 
ing, but I’m encouraged by the larger percentage of 
people who disagree. ‘‘Computers make mistakes at 
least 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 mistakes and not the com- 
puters. 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 who’s running them. 
They think the computers are running the people, rather 
than the other way around. A substantial number of 
people just didn’t know, which is also upsetting. So, 

What would you do if you had a 
computer at home? 

there’s a substantial portion of our society—at least a 
third or so—that just doesn’t know some of the fun- 
damental 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 | don’t think 
we could expect much from people that we asked. 

All in all, we have some ambivalence, people op- 
timistic on some counts and pessimistic on some other 
counts and some things that they just don’t know. The 
ignorance is probably 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 mar- 
tinis when | come home from work.” They just couldn’t 
quite visualize a computer at home. A computer is sup- 
posed to be something that goes behind glass doors 
and is raised on flooring and requires a lot of electricity. 
“| don’t have the kind of home that would suit a com- 
puter,” said one. 

Everyday Perceptions 
| guess this mixture of attitudes really shouldn’t be 

too surprising. The everyday 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. 
What does a newspaper cover? They’re going to report 
the computer error, the problem with the computer. A 
New Jersey supermarket had brand-new laser scanning 
systems at the checkout for the grand opening day and 
they really crammed the people in. Hundreds of people 
all filled their carts with these grand opening specials. 
People were lined up at the cash registers, each with 
two and three carts full of groceries. Seven or eight 
deep at every cash register 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; 
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PACKING DENSITIES OF 
MICROELECTRONIC SYSTEMS 
109 4 components per cubic centimeter 

Fundamental limit for nonredundant 
semiconductor devices 
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Silicon integrated circuits 
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High density packaging 

Pocket transistor radio 

Most computers, televisions, 
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|n 1953, a computer ‘CPM) weighed approximately 5000 
pounds, occupied 300-400 cu. ft. and required 40 Kilowatts 

of power. Compare that to today’s microprocessor on a 
chip! 
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we’re going to be locked in here forever.”” And then 
there was arumor that a replacement computer was go- 
ing 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, and have 
them add up manually the groceries in these laden 
carts. People were there for hours. The interesting 
thing is they did not lock the doors and more people 
kept streaming in. The manager 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 friviality out in 
Southern California when McDonalds had a sweep- 
stake. To enter, all that was required was a3 x 5 entry 
form or facsimile. In other words you could write the en- 
try ona3 x 5card of your own. Students at one frater- 
nity programmed the computer to produce entry 
forms—1.2 million of them—and then they stuffed 
every McDonalds ballot box in Southern California. 
They won 90% of the prizes in the contest. McDonalds 
was very upset about it—they said it was anti- 
American. | think it was very American; it showed a lot 
of ingenuity and creativity. In fact, McDonalds awarded 
duplicate prizes to people that were not members of 
this conspiracy to defraud them. The winning fraternity 
invited Ronald McDonald to make the prize presenta- 
tions over at their fraternity house for dinner, but he 
declined the invitation. Actually, Burger King got the 
best publicity out of this. They gave a $3,000 scholar- 
ship to the university in memory of the prank. Again, 
the newspapers had a wonderful time blaming the 
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 in- 
formation on the mail order insurance form—height 3 
centimeters, weight 30 centigrams and so on. It died of 
course, as most guppies do, some four or five months 

This new “bubble” memory developed at Bell Labs can store the information equivalent 

of 27,000 telephone numbers. 
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Visual communications over ordinary telephone lines is in the works. At Bell Labs a Fiat- 

Screen video device can be used to transmit handwriting instantaneously. 

later. He submitted a claim for the $5,000 he had in- 
sured it for. The insurance company said it was an in- 
valid claim—the computer had made a mistake in ac- 
cepting this ‘“‘person.”’ 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 
computer. But the newspaper, how did they portray it? 
Sure—another computer error. 

In Swansea, Wales, a young man of 17 applied for a 
driver’s license and passed his test shortly after. But 
when his license 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 Tribute. ““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 com- 
puter 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 and Books 
Movies are another way that people form perceptions 

of the computer. For example, in 2007, remember when 
Commander Bowman finally gains access to the mem- 
ory 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 suc- 
cessful interplanetary lobotomy. The movie Colos- 
sus—have you seen that one? Colossus ‘“‘wakes up”’ 



A mask for the Electron Beam Exposure System contains 1304 logic circuits, each of 
incredible detail. As circuits get smaller, the prospect for a “Dynabook" becomes more 
real. 

and gains sentience 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 Na- 
tional 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 coun- 
tries 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 
enforcer arm with which the computer keeps people 
hostage, mainly Julie Christie in the movie (that prob- 
ably makes it worth seeing even if you don’t like com- 
puters). Three movies and three impressions of compu- 
ters—all false. 
Some people get their images of computers from 

books (not too many because not too many people 
bother to read books anymore). Science-fiction writers 
are probably the only writers in the country portraying 
future computers uses reasonably realistically and 
making some half-decent speculations. 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. 

Consequently we know a little bit from the survey 
what people think about computers and little bit of how 
these impressions were formed from my rather incom- 
plete discussion of it, but | 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 com- 
puter 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 at forecasting the future. We really 
can’t and never have forecasted future technological in- 
novation or invention very well. 

Back around the turn of the century who would have 
forecasted 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. |’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 avery 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 aman 
in Maine have to say to aman in Texas?” 

THE REALITY 
It’s pretty clear that we can’t forecast 70 or 50 or pro- 

bably even 30 years very well, particularly with a high- 
technology item such as a computer. So let’s just look 
five to ten 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 increase dramatically. Cur- 
rently, we are within two orders of magnitude of the 
human brain. Actually, the theroretical density limit for 
semiconductor devices is higher than that of the 
human brain. Currently, bubble memory circuits in Bell 
Laboratories, about 1 centimenter square, will store 

about 1.5 million bits. 
Coupled with miniaturization, prices are rapidly fall- 

ing. 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 numbers of units sold goes 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 in- 
creases 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 impor- 
tant thing in computers and technology today, in mak- 
ing them all work. 

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. Sophisti- 
cated 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 1976. Technology means people talking to other 
computers and terminals by means of the telephone 
network, using standard Teletype terminals or new 
high-speed terminals or plasma panels 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. 

Personal Computers 
Today there are over 100 manufacturers of personal 

computers and peripherals. At Creative Computing we 

Future Home Computer System 

Consumer electronics manufacturers are currently evaluating systems like this for the 
home. 
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can’t possibly keep up with all the new-product an- 
nouncements for new hobbyist computer kits and peri- 
pherals. 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 closely-spaced 
descriptions 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 buy yourself a microprocessor, a computer kit, 
or peripherals. 

Extensible, user-defined, simple languages are being 
developed. Harvard has a new language called ECL. It’s 
not like today’s simple languages, 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 language out of that. 
Whether you’re a banker, a baker or a professional pro- 
grammer, you can produce. a computer language that 
does exactly what you want. 

Dynabook 
Out at Xerox’s 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 of typeface. If you 
have some visual problems and you want a page in 
large type, Dynabook 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 time you push a button you 
get all your 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 illustra- 
tions in a book could move with full animation. In fact 
not only can they move the way that they’re pro- 
grammed 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 se- 
quence 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 three bread boxes but it’s not going to be too 
long before it’s 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 dif- 
ferent levels. When you think of it, that’s the way 
human beings think. When I’m walking along, for exam- 
ple, one part of my brain is thinking about putting one 
foot in front of the other, another part is thinking ‘‘it’s 
cold out, I’Il be glad when | can get inside, another part 
is thinking about the speech I’m going to give tonight, 
another part is thinking about the person I’m talking to 
and still another is thinking about the beer that I’Il have 
later on and so on. So your brain is processing informa- 
tion 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. I'd like to think that within 10 
years it will be as commonplace as the pocket calcula- 
tor is today. 

Video Disc 
| feel one of the keys for getting computers into the 
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Videodisk players should cost around $500. Each disc can store 10” bits ofinformationin 
binary format. 

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. Just what’s needed for a computer. So while the 
player will be brought into the home for entertainment, 
its real power lies in the fact that if you couple the 
videodisc system with a microprocessor and keyboard 
you have incredibly powerful audio/visual/computa- 
tional/educational/recreational device. One videodisc 
can store 10" bits of information, the entire En- 
cyclopedia Britanni for example, or a very com- 
prehensive software library. You could have Jackie 
Stewart introducing the Monaco Grand Prix, taking you 
on a pre-recorded ride around the circuit, and then turn- 
ing 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 
and putting you in as quarterback in the Super Bowl. 

THE CHALLENGE 
There’s no question that in five to ten years, solid- 

state and related technologies are going to put some 
fantastic things well within the reach of everyone who 
want them. It’s equally clear that most people have lit- 
tle idea of what they’d do with a computer if they had 
one. Hence, we have quite a chasm between the in- 

siders (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, that 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 nothing’ 

yet. Computer power to the people is on the way! @ 
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A national computer club? Will it benefit 
the hobbyist? What could it, should it, 
undertake to accomplish? The chair- 
person at the First National Computer 
Club Congress at Dallas gives an insider's 
accounting on what may become an 

Its Time For A 
National Computer Club 

important organization. 

The first National Computer Club 
Congress was held in Dallas this past 
June in conjunction with the 1977 
National Computer Conference 
(NCC). About thirty computer clubs 
across the country were represented 
by over forty-five club leaders and 
delegates, who assembled to exchange 
ideas and discuss issues related to club 
activities and programs, with great 
attention focused on the question of a 
national organization. 

Club leaders have been meeting at 
computerfests for informal discussions 
since the first fest in Trenton in the 
spring of 1976, but the prestige of the 
NCC and the support of Dr. Portia 
Isaacson as chairperson of the 1977 

NCC provided both a tremendous 
opportunity and a serious challenge to 
take action toward forming a national 
organization. Rather than leave a 
worthwhile outcome to chance, club 

leaders held pre-NCC planning 
sessions last spring at the com- 
puterfests in San Francisco, Trenton, 

and Cleveland. In addition, a survey of 
club leaders was conducted by mail to 
solicit opinions, especially of those 
unable to make it to any of the planning 
sessions or to the Congress itself. © 

The Congress had two sessions on 
successive days. The first session 

addressed the purposes a national 

Organization might serve and the 
Organizational structures that would be 
appropriate to achieve those purposes. 

It began with a report on the results of 
the survey and included a panel 
discussion on the organizational struc- 
tures used in the regional 
organizations of computer clubs: 
Southern California (SCCS), Midwest 
Alliance (MACC), and Chesapeake 
(CMC). (A new regional group was 
formed at the Congress, the Southwest 
Federation of Computer Clubs.) Asolid 
concensus of the Congress favoring 
the establishment of a _ national 
organization developed, but no firm 
concept emerged on the essential 
characteristics and purposes such an 
organization should possess. 

By the second session of the Con- 
gress it was quite apparent that a lot 
more work would be needed before an 
organization could be established, but 
also, that it was time to get started. 
Accordingly, after considering several 
proposals it was decided that a working ny 

a 

Photos by Tom Woodward of SCCS Interf: 

Rich Kuzmack 

group to be known simply as the 
Committee would take on the job “to 
define and establish a national amateur 
computer society.” Membership onthe 
Committee is open to anyone seriously 
interested in working to achieve its 
objectives. 

The Committee met immediately 
following the Congress, selected a 
Secretary to consolidate and distribute 
communications among its members, 
and received pledges of financial 
support from the established regional 
organizations to cover the Secretary’s 

Big talk in Texas: the Committee meets in Dallas after the first National Computer Club Congress 
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Unlike other organizations that are formed from the top down, 
local amateur computing clubs existed in the hundreds before 
thought was given to the need for going national. Pictured here 
are three club meetings. 

At the Chesapeake Microcomputer Club, manufacturers are often invited to discuss their products. 

expenses. The Secretary is Jim White 
(1202 River View Lane, Watertown, WI 

53094) of the Durant Computer Club. 
Each member of the Committee will be 
setting down ideas, for distribution 
through Jim to other Committee 
members, and will be seeking inputs 
from members of their respective 
clubs. In addition, articles will be 
prepared for the various publications 
that serve the amateur computing 
community to keep everyone informed 
and encourage participation in the 
effort. Finally, members of the Com- 
mittee will take advantage of com- 
puterfests to meet, under a rotating 
presiding officer, in open forums to 
which all interested individuals are 
invited. 

Both the Congress and the Com- 
mittee meeting were able to operate by 
concensus, essentially deferring those 
topics on which there was not a broad 
base of agreement. These issues do 
have to be addressed and at least 
tentatively resolved if the Committee is 
going to make progress toward its 
objective. In discussing some of these 
issues | will be suggesting solutions 
which reflect my Own personal opinion. 
All concerned hobbyist views are 

needed, and they are encouraged to 
write them down in a letter to the 
Committee’s Secretary and participate 
in the formation of a truly represen- 
tative hobbyist society. 

Amateur Defined 
“.,. to define and establish a national 

amateur computer society” is the way 
the Committee charter reads, but there 
has been some. concern expressed 
about the. term ‘amateur’ by 
professionals in various aspects of the 
computer industry. Computer 
professionals were in the vanguard as 
the movement to personally-owned 
computers grew, but it is rare for any 
One individual to be professionally 
involved in the breadth of hardware 
and software, electronic and 

mechanical devices, and systems and 

applications programming, with which 
the amateur computer enthusiast must 
be concerned. By and large, amateur 
computing is not unprofessional, but at 
the same time it should be non- 
professional. The distinction between 
amateur and professional, it seems to 
me, should be based on whether or not 
the computer aspects of an activity or 
project are being done for pay or 
commercial gain. 
Many amateurs are finding  in- 

teresting work-related applications for 
their computers. This includes those 
into computers professionally who are 
using their own computers _ for 
professional development in their field. 
If |, as an economist, use my own 
computer to do some _ statistical 
analyses for work, that should still be 
considered amateur computing. A 
professional systems programmer who 
writes a routine to drive a video display 
for his own computer is also doing 
amateur computing. But the work that 
the systems programmer does for his 
employer or his clients should be 
considered professional and should 
meet professional standards for quali- 
ty. And should | offer my computer 
skills or products for sale, then for that 
project | would not be an amateur and 
should be expected to meet whatever 
professional standards the 
marketplace imposes. 

Questions of Purpose 
The next step toward defining a 

national amateur computing society is 

President Lou O'Block tries to silence heckling by John Coklet at meeting of Cleveland Digital Group. 
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deciding on the purposes the society 
should serve. The basic purpose, of 
course, is to serve the amateur com- 
puting community, which simply raises 
the obvious question, “How?” Included 

among the many good and sufficient 
purposes appropriate to a national 
society are standards development and 
dissemination, computerfest schedule 
coordination, hardware and software 
products evaluation, educational and 
club program services, ombudsman 
services, and more. There are also 
some potential purposes that stir up 
considerable controversy, such as 
membership directories, group 
purchasing, and lobbyist activities. 

What’s the fuss about these last few? 
Many people at the Congress thought 
they were pretty good ideas, and taken 
at face value they seemed worthwhile. 
The discussion, however, brought out 
some good reasons against doing 
them. A membership directory, for 
example, could really help in getting 
people together; unfortunately, _ it 
would also serve as a handy guide for 
thieves to some pretty valuable loot. 
Group purchasing is tempting, indeed, 
until all the benefits, costs, and alter- 
natives are considered, and then it 
doesn’t fare too well. It would be an 
administrative nightmare unless run 
like a commercial mail-order opera- 
tion, with paid employees, office space, 
and so forth. The costs for all this 
overhead would have to be added to 
the price of the items being purchased. 
A local or regional club might not get 
quite the quantity discounts a national 
operation could muster, but a local 
club uses the donated time of a 
volunteer doing it at home. That’s a 
hard act to beat, price-wise. 

But this still leaves too many impor- 
tant tasks that could be done best by a 
national organization, which raises the 
issue: of which ones should be selected 
for openers. Clearly, it would be much 
better to select a few of the most 
significant ones and do them well than 
to botch a lot of good ideas by taking 
on too many. 
My personal choices for openers 

would be hardware and_ software 
products evaluation and ombudsman 
services, with a supporting role in a 
wider effort to achieve computer fest 
schedule coordination. | prefer these 
over other possibilities because they 
are sorely needed, they are particularly 
appropriate for a _ single national 
organization, and they are outward- 
looking in that they address the 
amateurs’ interaction with the industry. 
Many of the other aspects desirable in 
a national organization will evolve 
naturally and others can be developed 
as adequate capability is achieved. | 

There are at least two successful 
models on which to pattern a product 
evaluation function: the Consumers 

Union and the Underwriters’ 
Laboratory. The primary difference lies 
in the source of their financial support, 
with Consumers Union financed by its 
members and publications, while Un- 
derwriters’ Lab is industry-supported. 
Both do laboratory testing of products, 
although Consumers Union must also 
depend on surveys of users. For both, 
the independence and integrity of their 
work is an essential ingredient in their 
effectiveness. 

| think that both amateurs and the 
industry would be willing to provide the 
necessary support for a comparable 
service in the small computer field, 
although either group alone would 
probably be sufficient. An ombudsman 
service could fit in neatly, brokering 
complaints and remedies more ef- 
ficiently than the separate parties are 
able to do individually. Should it be 
decided to pursue these objectives, the 
next step would seem to be a Survey of 
prospective participants to ascertain 
interest and support. 

Finally, computerfest scheduling is 
shamefully uncoordinated despite 
widespread recognition of the 
problem. The amateur is distressed by 
the conflicts that arise, but the ex- 
hibitor is really put in a bind to attend 
the too many shows, some overlap- 
ping, with the time, personnel and 

money they require. While all of us 
share inthe problems, this is one where 
| believe the companies that are 
exhibiting will have to take the lead. 
From the discussions at the Congress | 
think it’s fair to say that the amateurs 
and their clubs will support any rea- 
sonable effort at coordination in this 
area. 
A Matter of Form 

Defining a national amateur com- 
puter society will naturally have to 
include some decisions about the form 
or structure of the new society. There 
has been a lot of discussion about the 
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John and Wayne Loofbourrow talk to the New Jersey Amateur Computer Club i 

basic unit of membership. Should the 
society be an organization of clubs or 
an organization of individuals? This is 
still an open question, but | sense that 
the weight of opinion is gathering in 
favor of an organization of individuals. 
For one thing, a few of the clubs 
represented at the Congress pointed 
out that because they were part of a 
school or company, the club itself 
could not join although its members 
could as individuals. There was also 
concern for the individuals too dispers- 
ed to have more than a one-person 
club. Most influential, perhaps, was the 
fact that many other national 
organizations are based on individual 
memberships with local or regional 
chapters providing accessible ac- 
tivities. 

Unlike other organizations, however, 
we already have local clubs and 
regional organizations of clubs, and 
are only now getting around to forming 
a national organization. In asense, the 
structure of the national society has 
actually been established and is just 
waiting to be discovered and incor- 
porated in the definition being 
developed. An interesting idea propos- 
ed at the Congress is that there should 
be classes of membership which would 
allow for both individual and club 
memberships. That would also allow 

companies to join as sponsoring or 
institutional members and provide a 
means for them to support indepen- 
dent product testing. 

Three factors suggest that different 
classes of membership hold the solu- 
tion to the question of form. First, 
whatever is decided will have to fit with 
the organizations that already exist. 
Second, it will have to be compatible 

with the functions or purposes to be 
performed. And third, it must be 
flexible enough to be able to adjust to 
new situations and new functions that 
haven't been thought of yet. m 



The Microcomputer 
Inflicts “Future Shock’ 
on Technical Education 

Richard Vuillequez 

The microprocessor is forcing technical educators to 
reappraise the traditional methods for teaching digital 
electronics and computer programming due to the con- 
vergence in course content. The ‘‘computer-on-a-chip”’ 
has created a demand for new teaching aids and texts 
to satisfy people of all ages and experience levels who 
want to understand the computer but have neither the 
time nor desire to master all the formal engineering 
prerequisite Courses. 

Educators have become increasingly critical of the 
traditional linear approach to teaching computers, 
where the student must progress through a number of 
theoretical courses on devices and analog circuits 
before being introduced to digital technology and the 
fundamental logic elements of the computer. Especial- 
ly since this appoach forces programming itself to be 
considered an independent subject. 

This time-consuming approach may be excellent 
preparation for the student planning a career in elec- 
tronic design, but for many other students with specific 
academic interests and career goals and a desire to 
utilize the computer for their purposes, it delays com- 
puter comprehension and utilization until well along in 
the curriculum. Students are frustrated by—and critical 
of—the traditional methods of teaching this evolu- 
tionary tool and report that after thousands of dollars of 
schooling they find themselves unable to use the com- 

puter. 
Some professors report that even their ablest 

engineering students have trouble ‘tying together” 
their background knowledge in hardware and software 
to make effective use of the microcomputer in actual 
system design work, so rapid have been the changes in 
technology. The ablest students in engineering and 
computer science undergo the feelings of “future 
shock.” 

Editor's note... Richard Vuilleguez is from Derby, Ct. and works 
for E&L Instruments. In the past Creative hasn’t run articles by 
manufacturers, but Richard's article discusses an important point 

in shaping future trends of public access to computing and we felt 
it belonged in this issue. 
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Many people are now fulfilling their desire to use the 
computer with informal seminars that bypass much 
much of the material being offered in the rigid tradi- 
tional Courses. 

The special microcomputer seminars have seized the 
initiative and have married the essentials of digital 
logic, computer architecture and programming into one 
unified course suitable for everyone from beginning 
hobbyists to seasoned professional circuit designers 
seeking an update in the new technology. 

The focal point of this revolution in education is the 
self-contained, desk-top microcomputer built around a 
popular microprocessor central processing unit (CPU) 
chip and a matched set of interface, memory and con- 
trol chips. They may be sold factory-built or they may 
be assembled and wired from kits by instructors or 
students. 

A completely assembled unit with keyboard, status 
lamps, power supply and a reasonable amount of 
read/write and read-only memory will typically sell for 
less than $500. Some have provision for breadboarding 
for interface experimentation. The student will be able 
to write and carry out simple programs to solve 
mathematical problems or even control motors, relays 
or lamps. The trainer is a simple, yet functionally com- 
plete computer that is easier to comprehend than a 
minicomputer and gives the student complete control 
over both hardware and software. 

Crucial issues in the selection of these training aids 
are the quality and educational level of the accompany- 
ing instructional text and the provisions for “hands on” 
experience in interfacing the microcomputer with ex- 
ternal system components. Some trainers are ‘‘closed”’ 
systems, essentially limiting computational results toa 
lamp display. Some are also accompanied by manuals 
or handbooks largely devoted to the internal workings 
of the chips and incomprehensible except to those with 
current knowledge of large-scale integration device/ 
specifications. 

Professional educators favor the systems that can be 
employed both as classroom instruction aids for 
demonstration purposes and for self-instruction where 
existing curriculums do not permit formal instruction. 



The microprocessor is _ forcing 
technical educators to reappraise 
the traditional methods for teach- | 
ing digital electronics and compu- 
ter programming. 

E & L Instruments MMD-1 Mini-Micro Designer microcomputer, with oc- 
tal keyboard and breadboarding area. 

They emphasize systems that give a student an op- 
portunity to gain an over-all appreciation of the 
microprocessor and microcomputer with little or no 
tutorial help other than the texts supplied. 

Microcomputer trainers are turning up at all levels of 
education from high school and vocational school to 
graduate school. They are being used as demonstrators 
in formal lectures, as bench equipment in computer 
science and electronics laboratory courses and as the 
central hardware in informal two- to five-day ac- 
celerated ‘‘crash”’ courses sponsored by professional 
societies, semiconductor manufacturers and 
distributors and the educational systems makers 
themselves. 

E & L Instruments is one of the equipment manufac- 
turers that has responded to the educational crisis 
brought on by the onrush of the microprocessor into 
contemporary technology. 

They are forerunners of a ‘‘hands on” approach to 
learning computing and are themselves evolving 
techniques that support this approach. The “hands on” 
approach makes drastic gains as its students realize it 
is successful where traditional courses have failed. E & 
L evolved two teaching techniques, first with texts that 
were self-instructive to the training kits, then intensive 
seminars that followed the guidelines of the texts but 
offered help and encouragement that a beginner might 
need, lacking confidence to learn to use a 
microprocessor by a book alone, and that an advanced 
user could utilize to increase his or her programming 
sophistication. 

It offers the ‘‘Bugbooks” that can be used for effec- 
tive primary training in digital electronics for persons 
lacking a formal background in electronics engineer- 
ing, with a series covering logic and memory ex- 
periments using TTL integrated circuits, the universal 
asynchronous receiver transmitter and microcomputer 
interfacing. The latest series of ‘Bugbooks”’ integrates 
the subjects of digital electronics, microcomputer in- 
terfacing, and microcomputer programming into a 
single unified course. This approach in itself is in- 
novative, especially in view of the fact that the books 
are self-instructional. 

The seminars are usually two to five days in length 
and generally have as their objectives: 

31 

Microcomputer trainers are turning 
up at all levels of education from 
high school and vocational school 
to graduate school. 

1. The introduction of the student to the concept of a 
software-based electronic circuit through actual 
“hands on” experience with a well-know MPU chip set: 

2. The attainment of a comprehension level of the 
language and literature of computers and programming 
that will permit the student to progress to writing sim- 
ple programs on his own and be able to understand the 
specifications and instructions that accompany various 
factory-assembled prototyping boards. 

The course presentation usually assumes some 
knowledge of digital electronics, but it skips over many 
of the fundamental concepts and theories so that the 
student can attain overall comprehension in the 
shortest possible time. The student is left to fill in fun- 
damental knowledge, or study advanced texts as befits 
his individual needs. 

These ‘‘crash” courses are not substitutes for more 
formal learning although they are pointing the way 
toward revision and rearrangement of the order in 
which the subject matter is presented in formal 
technical courses. 
Some educators see the validity of introducing 

microcomputer training into programming and data- 
processing courses so that persons specializing in the 
field will have a better comprehension of the role of 
hardware, a subject now treated rather superficially in 
those specialized courses. 

The public is anxious to learn to use computers, and 
microprocessors offer an expedient means of doing 
just that. A few manufacturers, like E & L, are respond- 
ing to the demand, as are a few universities, with 

“hands-on” seminars, and the impact of their success 
will have far-reaching effects on how technical educa- 
tion will be taught in a technological future. & 



Introducing computers into schools 
requires more than just the 
availability of computers and a 
language for their use. 

Interactive Computing in 
Secondary Schoolsin France 

Robert S. McLean 

The Ontario Institute for Studies in Education 
Toronto, Canada 

Perhaps one of the most interesting projects for the 

introduction of computers into secondary school curricu- 
lum is currently happening in France. It is interesting, both 
for the scale of the project and for its philosophical basis. 

The project is nationwide, involving the National Ministry 

of education, the National Educational Research Institute, 
five university centers, two computer manufacturers, and a 

large number of secondary schools. It is based on the belief 
that computer technology can make a contribution in all 

disciplines found in the secondary schools. 
France has a very centralized educational system, rather 

unlike the organization found in North America. It has 
been said, not without justification, that the Minister of 
Education could look at his watch and thus know what was 
happening in any classroom in the country. That is less true 
today than previously, but there is still a large centralized 

influence over the content and activities of the individual 

classroom. Only in the 1973-74 school year did the 

Ministry institute the ‘10%’ rubric under which individual 
lycees (secondary schools) were given ten percent of the 
school time to schedule as they wished. Accounts published 

in the newspapers indicated that many teachers had trouble 

filling this discretionary time with activities. 
Within such a framework, the North American model of 

computer introduction by local initiative either at the 

school level or at the board of education level would seem 

impossible. Any substantial change in the curriculum and, 

particularly, in the facilities of schools must come from the 
top. The centralization and standardization also have great 
implications for the scale on which any innovation would 

have to be introduced. 
The introduction of informatics (from the French 

“informatique’’ usually translated as ‘‘computer science”, 
but used with a broader connotation here) began in 1970 
with a joint initiative between the Ministries of Education 

and Industry. Together they formulated a plan for the 

introduction of computers into lycees, the training of 

teachers, and a coordination system for the development of 

curriculum materials that would be useful in many 

disciplines. 

HARDWARE AND SOFTWARE 

Introducing computers into lycees implied that suitable 

computing systems had to be available that could be 
installed in the individual school. Since the aim of the 

project was to create a system that could be used in many 

ways in addition to teaching about computers, an 
interactive system was specified, and a language for use 

with it was invented. The standard hardware system 
consists of a 16-bit minicomputer with 16K words of core, 

fixed head disk, one teletype with paper tape reader and 

punch, and eight CRT terminals. Two manufacturers 
produce the system: Companie Internationale pour 
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‘Informatique (MITRA 15) and Telemechanique (T-1600). 
The systems sell for under $70,000 including the eight 
terminals. 

These systems operate as single-language timesharing 
systems. The language, LSE (Language Symbolique 
d’Enseignement), was created especially for this applica- 
tion. While it has its roots in Algol, which is widely used in 
European universities and industry, it also has some of the 

appearances of BASIC. Programs consist of numbered lines, 
with editing and insertion of lines accomplished by the line 
number order rule as in BASIC; similarly, the line numbers 
serve as labels for transfer of control through explicit 

goto’s. 
The rest of the language is ALGOL-like in many respects 

except for the use of a loop scope rule that is 

FORTRAN-like, while retaining ALGOL conventions for 
the control of the incremented variable. Thus the loop 

command becomes ‘DO 27 FOR V © v STEP p until f” or 
“DO 27 for V< v STEP p WHILE eb”, meaning ‘execute 

all statements to and including number 27 for values of V 
starting at v and increasing by p, until the value of V passes 
f" in the first case or “’. . . until eb is no longer true” in the 
second case. From ALGOL comes the conditional IF... 
THEN... ELSE..., along with the ability to make 

compound statements by enclosing statements between 

BEGIN — END pairs. Unfortunately, an entire conditional 
and its statements must appear on one line, thus not 

permitting very big compound statements. 
Perhaps the most interesting feature is the fact that LSE 

also provides string manipulation and storage. There are 

three data types: real numbers, arrays of reals (up to 2 

dimensions), and character strings. An operator is provided 

to concateinate strings, and 10 built-in functions are 
available for manipulating string variables and constants. 
These include functions to find the !ength of a string, 
extract a substring or group of letters, find the position of a 
substring in a string, ignore certain characters, convert 
numeric values to strings and vice versa, and to convert 
characters to and from their numeric codes. 

The timesharing system provides the ability to execute 
program statements simply by typing them in, giving a 

powerful ‘desk calculator” facility and an interesting way 
to explore the language as well. This mode can also be 
combined with the running of a stored program, allowing a 
teaching program to pause while the student uses the 

terminal to perform some calculations, for example. The 
system allows the user to store and retrieve programs from 
disk, and to start execution (or restart after a pause) of a 
program. It is also possible to execute the program in trace 

mode, one line at a time, automatically printing the line 

executed on the terminal and pausing after each line. This is 
useful in debugging and in demonstrating the logic of a 
program. 



Any terminal can obtain a copy of 
the current program being run at any 
other terminal at that moment. 

The system allows any console to obtain a copy of the 

current program being run at any other console, in its state 
of execution at that movement. Both copies then exist 

independently and can continue to run or be examined, 

edited, listed, etc. This is useful when one wants to use the 

paper tape punch or reader on the teletype to read in a 

program, punch it out, or get hard copy. It is also useful in 

certain types of debugging and in setting up a class activity 
(the teacher can get the program ready and then have each 

student obtain a copy directly in its operational form). 

A typical ‘‘computer room” is a converted classroom 
with the computer in one corner in a cabinet about 2’ 

square by 6’ high. The teletype used for listings and paper 

tape input/output is beside the computer. The desks have 

been arranged to support the terminals in two rows of 4 

each. Since classes usually have 2 to 3 times as many 

students as there are terminals available, the use of 

programs by groups of 2 or 3 students at once is frequent, 

particularly for simulations. This arrangement appears to 

work well, stimulating human-human as well as human- 
machine interaction. 

TEACHING THE TEACHERS 
Introducing computers into schools requires more than 

just the availability of computers and a language for their 

use; it requires that teachers be trained in the use of 

computers and that curricular materials be developed that 

make use of the new technology in the various disciplines 
of the school. The intention of the Ministry in introducing 
computers was not to create another field of study — eg: 
computer science — but to integrate informatics with other 
studies as a tool. 

Starting with very little computer expertise in the lycees 
in 1971, the Ministry has come a long way in developing 

the personnel capable of using the new technique in their 

teaching. The largest program has been a correspondence 
course taken by about 1600 teachers each of the three 
years it has been offered. The materials are in 12 chapters 

with 4 sets of homework sent in for marking. These 
teachers are released from their teaching duties for a 
three-day expense-paid visit to a regional computing center 

for intensive practical experience and lectures. (Hebenstreit, 

1972) This has provided a large number of teachers who 

have a general knowledge of some of the basics of 
computing and its use in schools. The emphasis seems to be 

more on the computing and less on the applications. 

The need for teachers with a higher level of expertise in 
computing is met by a system of ‘‘stages’”’ (a “stage” — 
rhymes with ‘mirage’ is a period of training or 
retraining, generally undertaken by adults for a short period 

of time to learn a specific skill). Here a small group of 

teachers are sent to a university center for an academic year 

to participate in a special program that combines much of 

the traditional computer science course material with an 

emphasis on the problem of computer use in lycee 

curriculum. The extent of emphasis on these two concerns 

seems to vary among the five centers, and each seems to 

have a style of its own for accomplishing this instruction, 

running from very directive to very laissez faire. 

The stages are open to teachers of all disciplines and the 
teachers are generally selected in a manner to encourage a 
range of disciplines to be represented at each center. During 

the 1973-74 academic year, the five programs included 68 
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“stagiaires’’ from mathematics, 39 from languages, letters 
and philosophy, 38 from physics, 31 from social sciences, 

11 from natural sciences, 5 from industrial disciplines and 3 
from artistic disciplines. The result is stimulating, but also 
presents a wide range of background that can challenge the 
instructors! 

The trained teachers now form a resource for further 
strengthening the project. First, they are often in lycees 

that have been equipped with computers (there were 15 

lycees equipped in 1974) and thus assume the management 
of this resource and the sensitization of their colleagues to 

the potential of the computer in their school. They do this 

partially on “‘release time’’ (20 to 24 hours a week per 

school) and in connection with their normal teaching 

duties. The Ministry estimates that the average computer is 

used about 30 hours a week or about 240 console hours per 

week. It is certainly not unusual to see all eight consoles 
occupied, often by pairs or trios of students. 

Teachers often form _ discipiine 
groups which work together to 
create packages of program 
materials. 

Second, these teachers are in the best position to create 

curriculum materials. Most start fairly large projects during 

their stage and continue after returning to their schools; 
such a project is one expected result of the stage, and most 

can obtain additional release time the first year to complete 

the project. These teachers often form discipline groups 

which work together to create more substantial packages of 

program materials, especially where there is a high 

concentration of people in similar disciplines, as is the case 

around Paris. Groups in physics, natural science, and social 

science have been particularly active in the Paris area 
and have produced several noteworthy packages of material. 

Where the ex-stagiares are more separated, interdisciplinary 

groups meet occasionally to compare activities and this is 
often coordinated by the centers where the stages are held. 

Program products and curriculum packages are dis- 

tributed by the INRDP, The National Educational Research 

Institute in Paris, through two forms. The ‘Fiches 
Pedagogiques” (pedagogicalpapers) are packets of informa- 
tion about programs which have been developed for use in a 
particular curriculum. They contain descriptive data of the 

program, its use, and some evaluation of its success. Often 

the Fiches describe a set of programs that are logically 
related. Fifty Fiches had been published by the middle of 

1974. These are distributed to all stagiares (old and new) 
and to all lycees equipped with computers. In addition, the 

programs to which they refer are available to the lycees in 
paper tape form. 

A second publication of the INRDP is the Bulletin which 

is published bimonthly and contains reports of the working 

groups and of various meetings. It also has articles that have 

been contributed about uses of computers. 

The materials created by these teachers depends largely 
on the ability of the individual teacher or of the 

disciplinary group to conceive of a use of computers or 

informatics in a curricular area and then to carry the idea 

through to completion as a curriculum package. In some 

fields, there is some advisory activity from post-secondary 

sources, particularly in the sciences. 

Lafond (1974) lists the major work done to date as 
evidenced by the Fiches. In the field of letters and 

languages, fiches have appeared for the pedagogical use of 

an index, a study of the use of informatics concepts in the 

teaching of grammar, a program for the construction of 
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The computer is viewed as an 
adjunct to the curriculum and not a 
replacement for it. 
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sentences, and a program for conjugation and declension of 
Latin. In the social sciences, the study of demographic 
problems, automatic map making, and an introduction to 
economics through games of economic equilibrium and 
growth have appeared. In physics, programs for simulating 
experiments in optics (reflection), dynamics (inclined plane 
and gravitation) and thermodynamics (gas laws) have been 
distributed along with Programs for the use of the 
computer to aid real experimentation. In natural science, 
one finds simulations of Mendel’s law, genetic linkage, 
population growth, preditor-prey relationships, pollution 
problems, nutrition problems, as well as experimental aides. 
In mathematics, the materials include calculation programs, 
studies of the concepts of reflexivity, transitivity, etc., 
vector spaces, sets, limits, and probabilistic models. 
Interdisciplinary studies have offered games of inquiry. 

As one can surmise from these products and from the 
size of the equipment availabie, the experiment is 
concentrated on the use of the computer as an adjunct to 
the curriculum and not a replacement for it. Thus, there is 
little interest, officially at least, in computer-assisted 
instruction as we know it. At the other end of the 
curriculum, computer science exploration by students is 

encouraged in informatics clubs which allow students with 
keen interest a chance to learn about programming. The 
primary role of the computer during school time is to 

execute programs devised by teachers to support their 

normal teaching activities. Relatively little programming by 
students appears to occur in the usual use of the computer. 

THE FUTURE 
The installation of computers in lycees is continuing, 

although not as quickly as was hoped originally, nor as fast 
as the teachers who have been on a stage would like. This is, 
of course, a phenomenon not limited just to France. 

More notable, perhaps, is the evaluation program begun 

during the 1974-75 school year. Research by the INRDP 

includes a broad assessment not only of the curriculum 

materials created but also of the sociology of the 

introduction of computers in the lycees. The scale of the 

experiment itself and the scope of the evaluation planned 
for the experiment should yield some_ interesting 
conclusions about the extent to which secondary school 

curricula can be aided by computers as a classroom tool. @ 
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A MICROCOMPUTER 
SOFTWARE COURSE 

by 

Joseph C. Williams, 
David S. Yaney 

and 

Robert K. MacCrone 

Materials Engineering Division 
Rensselaer Polytechnic Institute 

Troy, New York 12181 

It’s in control of a taxi meter that keeps track of the fares in 

a cab. It gives speech to an otherwise silent pocket cal- 

culator. It regulates and optimizes operation of some 1977 

model cars. It has almost unlimited applications in busi- 

ness, industry and ‘‘smart’’ consumer goods. Best of all, it’s 

cheap, reasonably fast, and easy to get. 

The device is a microprocessor; a small computer on a 

chip. Combined with external memory anda chip to get data 

in and out, one can build a microcomputer of extremely 

small size and weight with surprising versatility. The 

problem is learning how to program the microprocessor. Its 

software requires the sort of programmer’s art that has all 

but disappeared since the advent of larger systems and high 

level language. 

Microprocessor software engineering was the subject of 

a 3-day short course held by the authors in Albany, New 

York, this past August. Twenty-five engineers, scientists, 

and students from East Coast states participated in writing 

and running programs on individual KIM-1 microcomputer 

systems. The KIM-1 from MOS Technology, Inc. is a 
complete, single board microcomputer with keyboard and 
display. Each participant took with him from the course the 

KIM-1, an Input/Output interface and power supply, and a 

working knowledge of their operation. 
The participants had a wide range of applications in mind 

for microcomputers: a group of engineers from a machine 



“Do they call this the hardware because its so hard to run?” 

tool company wanted to design an engraving machine run 

by a microcomputer; a biologist needed a device to compare 
electrical signals from an animal’s nervous system with 

previous signals. An electrical engineering professor 
wanted to introduce microcomputers to his students, and 

several participants planned to install microcomputers in 

their homes to control heating and lighting systems. Each 
person had a unique and complicated problem to solve, and 
although most of them had years of professional experi- 

ence in their fields, using a microcomputer was a new task. 
Using a microcomputer is in ways similar to using a larger 

system with the primary difference that the user must 
intimately know both the microcomputer being used and all 
devices to which the microcomputer is attached. Almost all 

programs for microcomputers are written in assembly 

language rather than a high-level language (like BASIC, 
FOCAL, or FORTRAN). While the general idea of writing a 
program from a flow chart is the same, the programmer 

must work with data byte by byte and often bit by bit. They 
may sound like a waste of the programmer's time and it 
would be if the problem to be solved involved, for example, 

complicated numerical calculations. (Most applications of 

microcomputers today do not require much “‘number 

crunching” for this reason.) Future microcomputers will 
have more extensive numerical abilities than those of 

today. 

The starting point for learning to program microcom- 
puters is the binary number system, which all present com- 

puters use, and the hexadecimal representation method for 
binary numbers. Once a student has gotten the idea that 
“hex’’ notation is just a convenient method of representing 
a pattern of binary “ones” and “zeros” he/she is in a posi- 

tion to begin learning how a computer works. To the pro- 

grammer, the microcomputer appears as a group of 
registers, some memory locations with addresses, and an 
instruction set; the assembly language program specifies 
what operation is to be executed and on what register or 
memory location. Different microcomputers have different 
registers and instruction sets, so the user must program 
specifically for the machine being used. Although the pro- 
gram flow chart for the solution of a problem will not usually 
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depend on the computer used, the assembly language pro- 

gram will. (A program written in BASIC to add two numbers 
will run on an IBM 370 or a PDP 8 while an assembly 

language program to do the same job will run on one or the 
other, but not both!) 

The students in our microprocessor software course had 

all programmed computers using high level languages 

(mostly FORTRAN), but most of them had had no assembly- 

level experience. Two weeks before the course we sent 

them the first two chapters of notes so they could review the’ 

introductory materials. When the actual three day course 

began, we were writing and running programs almost from 

the start. 
In addition to developing assembly language skills, a pro- 

grammer must learn the procedures for Input/Output, 
interrupt, and timing operations with the microcomputer. 

Again, the details of these operations may differ from com- 

puter to computer, but the basic techniques are universal. 

Once the programmer has knowledge of basic software 
techniques plus experience writing and debugging pro- 

grams, actual applications may be considered. To become 

an outstanding microprocessor user one must keep the 

overall goals of the system in mind while dealing with the 

“petty” details of the software and hardware which can 
make or break the system. At the end of the three day 

course, the students had written and run programs using 
every feature of the KIM-1 microcomputer, and were ready 

to begin the design of systems incorporating microcom- 
puters. The engineering of these systems must be with soft- 
ware as well as with the traditional hardware. 

The authors were very pleased by the enthusiastic ap- 

proach of the participants to the material and their rapid 

progress during the three days of intensive work. We are 
looking forward to the next running of the course in Albany, 
New York, on January 12th-14th, 1977.8 

“Do you think | could get your program to self destruct?” 

“To be practical, an education should 
prepare a man for work that doesn’t yet exist, 

agined.”’ and whose nature cannot even be im 
Charles E. Silberman 



The amount of computer power available at CMU can only be described as awesome. 

Computer Science at Carnegie-Mellon Univ. 
by Susan Hastings 

Carnegie-Mellon’s Computer Science Department, rank- 
ed as one of the top three university departments in the 
country studying the computer, celebrated a milestone last 
October—its tenth anniversary. In 1965 the Department 
broke off from the university's Computation Center (which 
now acts as a processing Service) in order to provide a home 
for those wishing to study the machine itself and to develop 
increasingly sophisticated hardware and_ software 
packages. 

Then, as now, the Department had an interdisciplinary 
flavor, reflecting the research interests of the founding 
faculty. Through joint appointments with other academic 
units, department researchers have explored computer ap- 
plications in architectural drafting, human speech under- 
standing, and cognitive psychology, as well as other areas. 

Paralleling the explosion of uses for the computer has 
been an intensive effort in the design and manufacture of 
hardware and software systems. One of the first inter- 

active computers, the PDP 10, which allows a number of 
simultaneous users to communicate with it through key- 
board terminals rather than punch cards, was developed by 
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psychology of human cognition, and list processing. 

Allen Newell (L) and Herbert A.. Simon (R) from CMU jointly received the 1975 A.M. Turing Award, ACM’s 
most prestigious award. Newell and Simon have made basic contributions to artificial intelligence, the 

Professor of Computer Sciences and Electrical Engineer- 
ing, C. Gordon Bell. Also developed at CMU were elements 
of the PDP-11, a mini-computer, and a remote terminal. 
A speech understanding program currently underway at 

CMU has resulted in Hearsay I, the first functioning soft- 
ware system that enables a computer to understand spoken 
English and respond in it. Hearsay | was first demonstrated 
in 1972 as a chess playing computer. Electronic graphs 

depicted the acoustic properties of the human player’s 
command and showed the system’s progress in decipher- 
ing it, then the computer “spoke” its own move while it 
flashed the move on a TV set. Hearsay | has led to new in- 
sights about how the human mind deciphers speech and 
analyzes its meaning through context and definitions, 
acoustic sounds, and semantic and syntactic rules. Some- 

day, as an outgrowth of this work and alternative programs 

in computerized speech understanding, even a child will be 
able to use a computer just by talking into it. 
A more recent area of interest is the Image Understand- 

ing Project, a visual counterpoint to Hearsay’s aural 
progress. Although visual information can now be encoded 
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electronically, e.g. TV sets or copying machines, the pro- 

gramming necessary to make a machine recognize and 
analyze this data, rather than simply store, transmit, or 
duplicate it, promises to be as complex as that required for 

speech understanding. One possible use of a machine that 
could interpret visual images at high speed is the analysis of 
weather satellite photographs, which currently can only be 
studied by humans. 

These attempts to program computers with the 

equivalent of human perceptions have shown that a 
multiplicity of data bases, and the rules to use them, must 

be scanned and analyzed simultaneously to be able to pro- 
vide useful information rapidly. For example, the computa- 
tions required for speech understanding are so complex 
that it currently takes a computer at least ten to a hundred 
times longer than a human to understand what's been said. 
C.mmp is a multi-mini-processor developed at CMU which 
can simultaneously work on several aspects of the same 

problem. This new machine incorporates sixteen small 
PDP-11 computers andthe software systems that will allow 

each of the different processing units to function inde- 
pendently, in tandem, or in a variety of flexible arrange- 

ments. C.mmp’s parallel processing capability requires a 
different approach to programming, so Dr. William Wulf and 
his students laid down the fundamentals of a flexible 
operating system called Hydra, composed of processing 

programs and an executive program which controls the 

Shown here are four of the 16 PDP-11s tied together by CMU’s multi-mini-processor system 

location, storage, and retrieval of data, and schedules jobs 
for the processors. They also developed a special compiler, 

BLISS, which translates instructions into machine 
language (binary code) and is used to implement Hydra. 

Still another research project at the Computer Science 
Department has resulted in the development of a combined 
hardware-software system which can produce a very de- 

tailed line drawing on a cathode ray tube that helps users to 
see the machine's progress as it seeks out a solution to a 
problem. Its most dramatic use is the production of 

strikingly clear pictures that seemingly move on their own. 
The Architecture Department is using this system in con- 
junction with the Computer Science Department in order to 
develop programs in which the computer will draw de- 

tailed architectural drawings automatically. 

Most of the research programs described above depend 
upon the notion of artificial intelligence. A machine ex- 
hibits artificial intelligence when it reaches a decision 
similar to that of a human, even if it goes about reaching 
that decision in a different way. CMU’s Computer Science 
Department has shown itself to be a leader in developing 

new uses for the computer through a great deal of cumula- 
tive human intelligence and hard work. Appropriately, its 

tenth anniversary was marked with a working technical 

scientific symposium, and not just a festive celebration. @ 

Photos: courtesy of Carnegie-Mellon University. 
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If you don’t like the hardware available, you can always design your own. 



FINAL EXAMS 
—Let the Computer 

Bernard Eisenberg* 

At one of its meetings earlier this 
year, the CUNY Board of Higher 
Education decided that units of The 
City University would move to a 
trimester system by September 1977. 
Kingsborough Community College 
formulated a modified trimester plan to 
start during the Fall 1976 semester. 
This plan was approved by the gover- 

ning body at the College and the 
Board. The plan calls for an academic 
year consisting of two 12-week 
semesters, one in the fall and the other 
in the spring, and two. six-week 
semesters, one in the winter and the 
other in the summer. We usually refer 
to this as the 12/6/12/6 plan. Without 
going into further details about the 
plan, it means that for each academic 

year, at least four final examinations 

will have to be prepared for each of the 
basic courses offered in all semesters. 
In addition, makeup finals will also 

have to be produced for those students 
who for legitimate reasons did not take 
the final examinations at the scheduled 
time. 

The Old Way. 
In the Math Department, of which | 

am a member, the usual procedure for 

*Dept. of Mathematics and Computer Science, 
Kingsborough Community College, City Universi- 
ty of New York. 

final examination in preparing a 
courses having a large number of 
sections, is to form a committee of five 
faculty members who are teaching the 
same course. After three or four 
meetings at which the committee 
members and others teaching the 
course submit possible questions and 
comments regarding the examination, 
a draft of the final is assembled and 
circulated to all faculty teaching the 
course. The draft is then modified one 
or two meetings later after additional 
comments are made, and this becomes 
the final examination for the course. 
The examination is given to the typing 
service and after it is typed, it’s review- 
ed by a faculty member for typing and 
mathematical errors. After these errors 
are corrected, the examination is 
photo-offset and enough copies 
printed to accommodate all sections. 

In the evening session, each of the 

three or four faculty teaching these 
courses prepares his own final and has 
it typed and reproduced. 

This process usually starts about 
halfway through the semester and 
deadlines are given for submission of 
the examination to permit typing and 
photo-offset. If the examination is not 

ready fortyping on time, it becomes the 
responsibility of the faculty members 
involved to type, if necessary, and 
reproduce in whatever manner possi- 
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ble, the required number of final 
examination copies. Frequent notices 
from Deans are sent to the Chairmen 
and faculty reminding them about the 
deadlines. It is not unusual to have 
some final examinations submitted on 
the last day of the semester or even on 
the day of the final. This is one reason 
some Deans and Chairmen become 
bald rather fast. 

Computer to the Rescue. 
How nice it would be to have a 

computer produce a final examination 
in about three minutes by typing a 
couple of words into a teletypewriter 
connected interactively to the com- 
puter. Well, the day of the com- 
puterized math final is here and there 
appears to be no reason why this 
couldn’t be done for any course in any 
discipline. 

The Math 05 course entitled, “Inten- 
sive Math Review,” was the first course 
selected for the preparation of a 
computerized final examination. This 
is a remedial course required of all 
students who dont do well on the 
placement examination. There are 
approximately 600 to 800 students 
enrolled in about 30 day and evening 
sections of this course during each of 
the regular semesters and about 100 to 
150 students enrolled in four to six 
sections during the summer session. 



The course covers a_ review of 
arithmetic and elementary algebra. It 
offers no credit and has been taught for 
four hours a week during the regular 
sessions. 

Specifications. 
The specifications that had to be met 

by the computerized final were essen- 
tially those that should be met for any 
final examination. 

1. The questions produced had to be 
diverse enough each time the com- 
puter was run so that they were 
representative of that term’s work and 
the curriculum covered. 

2. Although some questions might 
have the. same wording from one 
examination to another, the numbers in 
the questions had to be different for 
each examination. 

3. The numbers used in each of the 
problems had to be randomly suitable. 
This means that the numbers selected 
by the computer had to be such that 
solutions of the problems presented 
would not come out to six decimal 
places when integers were desired, 
that division by zero wouldn't occur in 
the problems and that unusually large 
numbers wouldn't appear when 
smaller ones were desired, and vice- 
versa. The numbers in the problems 
had to reflect those used in similar 
classroom exercises. 

4. Each time a final is to be produc- 
ed, the order in which questions appear 
must be random; that is, it should be 
equally likely for any question to be 
first or second or third, etc. 

5. Provision should be made to give 
students a choice from those questions 
selected by the computer so that any 
deviations in covering the course 
material by the large number of faculty 
teaching it, would still permit the 
student to answer a sufficient number 
of questions from the curriculum 
covered by his/her teacher. 

6. The program has to be flexible 
enough to incorporate new material 
that might be introduced from term to 
term or to delete questions no longer 
relevant. 

In order to meet these requirements, 
the last six final examinations given in 
Math 05 were reviewed. There 
appeared to be a core of common 
questions in both arithmetic and 
elementary algebra that were repeated 
from term to term. For example, 
students were asked how to add, 
subtract, multiply and divide whole 
numbers, decimals, fractions and mix- 
ed numbers. Some questions required 
them to convert decimals to fractions 
and percents and vice-versa. They had 

to know how to apply these conver- 
sions in real-world problems. They 
were required to solve linear numerical 
and literal equations as well. as 
quadratic equations. They were also 

required to know how to factor an 

Here’s one final exam prepared 
by the computer... 

MATH OS FINAL EXAM (PREPARED BY YOUR FRIENDLY CUNY COMPUTER) 
FART 4 

PLEASE ANSWER ANY 10 QUESTIONS OUT OF THE 12 QUESTIONS IN THIS FART. 
wm tee eee Se ee Se ee ee ee 

1. CONVERT 11.0% TO AN EQUIVALENT TIECIMAL AND FRACTION, 
2+ GABE SPENT 4/8 OF HIS INCOME ON HIS HOME.IF HE EARNED 

$289904. » HOW MUCH DID HE SPENT ON HIS HOME? 
3. CONVERT THE FRACTION 6/16 TO A DECIMAL AND TO A FERCENT. 
4. ROUNDS Sl.3226 TO THE NEAREST HUNDREDTH, 
S+ MULTIPLY? 25.980 RY 2.0 
6+ SUBTRACT? 3 6/% FROM 6 9/12 
7. COMBINE AND EXFRESS IN LOWEST TERMS? MEE KS IGEN GS FA 
8. COMFUTE: 30% OF 21.6 
9. DIVIDE: 85.25 BY 7.2 (GIVE ANSWER TQ NEAREST TENTH.) 

10, DETERMINE WHICH OF THE FOLLOWING FRACTIONS IS THE 
LARGEST? 7750 » 6/29 + 8/31 . 

11. DIVITE: 2 576 BY 6 3/8 

12. IF 6 FENCILS COST 60 CENTSrFINID THE COST OF 19 FENCILS. 

wee ee ae eee awe eee eee ae eae SN ee ee 

i. SOLVE FOR Y? YW Are SS 
2. HOW MANY CENTS ARE THERE IN X QUARTERS? 

3. COMBINE LIKE TERMS? ED GG S LNG SAY Ge PIE ED PSS LAL 

4. FACTOR COMPLETELY? 4X - 16K 

9 4 23 42 
3S. FACTOR COMPLETELY? VAS 3) he RAN SSS A . 
6. FIND THE VALUE OF W IF W = (6X - 1Y)/¢(7Z - 8U) ANI 

X =r Y = 27 Z = 3.3y AND U = 1 

7. SOLVE FOR T? 99/1 = S715 
8. MULTIFLY: COU S iCGV ea or) 
2h) SLMEISLE Yes (2X - 12)/(X SQUARED - 36) 

19. SOLVE FOR G? AG - 9 = BG + 
Leo OL VE RO Raves: Ye TRUE Yi co 47 "oni fe) 

ae, 2 8 
12. SIMPLIFY THE FRACTION? 12A B C/24A KC 

FART 3 

PLEASE ANSWER ANY 4 QUESTIONS OUT OF THE 7 QUESTIONS IN THIS FART 

1. SOLVE THE FOLLOWING 2 EQUATIONS ALGEBRAICALLY FOR X AND Y? 
SMEteay Sun aa 
7X - 4Y = -42 

2, GIMFLIFY THE FOLLOWING FRACTION? 

1 1 
- + - 

re ZL 

3 2 

4 3 

3. THE LENGTH OF A RECTANGULAR GARDEN IS 39 LONGER THAN ITS 

WIDTH, IF 650 FT. OF FENCING ARE NEEDED TO ENCLOSE THE 
GARDEN, WHAT ARE ITS LENGTH AND WIDTH? 

4. IF 35 FOUNDS OF FERTILIZER WILL COVER 735 QUAKE FEET OF LAWN» 
HOW MANY FOUNTIS ARE NEEDED TO COVER A RECTANGULAR 
LAWN 49 FT. BY 42 FT.? 

S. JULTO HAS 30 STAMFS. SQHE ARE 3 CENT STAMPS ANI THE OTHERS 
ARE & CENT STAMFS.IF THE TOTAL VALUE OF THE STAMFS IS 
$1.50» HOW MANY STAMPS OF EACH KINI TiOES JULIO HAVE? 

6. TWO TRAINS THAT ARE 1120 MILES APART, TRAVEL TOWARDS EACH 

OTHER. QNE TRAVELS AT 69 MI./HR. ANID THE OTHER TRAVELS 
AT 91 MI./HR. HOW LONG WILL IT BE BEFORE THEY MEET? 

7. SOLVE GRAPHICALLY FOR X ANTI Y3 
PS tae pA 3 

ap Gout I Cn UL 



..-and here’s another generated 
by the same program. 

MATH 
FART 1 

OS FINAL EXAM (FPREFARED BY YOUR FRIENDLY CUNY COMPUTER) 

ee ee Se ee ee eee eee et net 

eter eNGLL SE COST 77 CENTOr INU THE COST Ohl 24) FENG TESS 
2. SONNY SFENT 4/79 OF HIS INCOME ON HIS HONE.IF HE E@RNEL 

$27133, » HOW MUCH DID HE SPEND ON HIS HOME? 
3, DIVITE 4.46 BY 7.0 “(GIVE ANSWER TO NEAREST TENTH, >) 
4. CONVERT 16.7% TO AN EQUIVALENT DIECIMAL AND FRACTION. 
o- DIVITES 8276 HY 8 778 
6. COMPUTE? 36% OF 32.4 
7. FINI THE AREA OF A TRIANGLE IF ONE SIDE IS 7 FT. LONG AND 

THE ALTITUNE UFON THAT SINE IS. 12 FT. 

8. ROUND$ 67.7431 TO THE NEAREST HUNIIRELITH, 
Tee UTTERLY. § 25-790 BY 4.43 

10. AN ARTICLE SELLS FOR 20.12. A 6% SALES TAX IS ADNEL. 

WHAT IS THE TOTAL FAIL FOR THE ARTICLE? 
ii. COMBINE? 146.428 - 3.73 +9.7 
12. SUBTRACT? OS EAA laislihal 2 ahs ales 

PART 2 

1. HOW MANY CENTS ARE THERE IN X QUARTERS? 
2. SOLVE FOR G? AG - 6 = BG + 12 ’ 
3. FACTOR COMPLETELY? i SOUR N ST) ay {3} 
4. WRITE AN EQUATION FOR THE FOLLOWING WORD FRORLEM 

BUT 10 NOT SOLVE, 9% TIMES A NUMBER IS 4 MORE 
THAN 4 TIMES THE NUMBER. FINI! THE NUMBER. 

3» SOLVE FOR Yi Vf Gp Gs al 
6. SOLVE FOR Y3 Y SQUARED - 36 = 0 

49 ares 
7+ SIMPLIFY THE FRACTION? 36A BC/24A FEC . 
8. COMBINE INTO A SINGLE FRACTION? B/ (9X) — 9/(ASX) 

9. COMBINE LIKE TERMS? OG ie NE a Spee AEN Co Sp nc EN 

(e) 7 2 3 42 

10. FACTOR COMPLETELY? CIR ES Gp FAM Sy lA * 
ee MULT TPILY,s CSV = 72C3YU + 7) 
12. FIND THE FERIMETER OF A TRIANGLE WHOSE SIDES ARE 

SPs ap WSCNO) tie) 9 np LENO) (aYnbuh LOCC Od Co 7/00) 

FART 3 

PLEASE ANSWER ANY 4 QUESTIONS OUT OF THE 7 QUESTIONS fH THIS 

1. IF 54 FOUNDS OF FERTILIZER WILL COVER 1782 SQUARE FEET OF LAltid» 
HOW MANY FOUNDS ARE NEEDED TO COVER A RECTANGULAR 
LAWN 77 FT. BY 84 FT.? 

2. SIMPLIFY THE FOLLOWING FRACTIONS 
1 1 
-_- + - 

4 9 

3 2 

4 3 

3. SOLVE THE FOLLOWING 2 EQUATIONS ALGEBRAICALLY FOR X AND Y? 
LTO = 914 
TAG Ne EE eta: 

4, THE LENGTH OF A RECTANGULAR GARDEN IS 21 LONGER THAN ITS 
WIDTH. IF 350 FT. OF FENCING ARE NEEDED TO ENCLOSE THI 
GARDEN? WHAT ARE ITS LENGTH AND WIDTH? 

5» MARCEL HAS SO STAMFS., SOME ARE 4 CENT STAMFS AND THE OTHERS 
ARE 7 CENT STAMFS.IF THE TOTAL VALUE OF THE STAMFS IS 
$3,207 HOW MANY STAMFS OF EACH KIND DOES MARCEL HAVE? 

A COLLECTION OF S4 COINS CONSISTS 
ANI HAS A VALUE OF $10.80, 

OF DIMES ANI! QUARTERS 
HOW MANY OF EACH ARE THERE? 

ONE NUMBER IS S MORE THAN 7 TIMES A SECOND 
THEIR TOTAL IS 29, FIND) THE NUMBERS, 

NUMBER. 
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PART. 

algebraic expression, how to apply this 
in the solution of equations, and how to 
solve a system of two linear equations 
algebraically and graphically. They 

had to perform the arithmetic 
operations on algebraic fractions and 
expressions and, finally, they had to 
know how to solve a variety of word 
problems algebraically. 

Program Development. 
To develop a computer program to 

simulate these exams, it was decided to 
divide the examination into three parts. 
The first would cover arithmetic, the 

second would cover elementary 
algebra, and the third would contain 
word problems, simplification of a 
complex fraction and problems requir- 
ing the solution of two simultaneous 
equations algebraically and graphical- 
ly. A bank of 18 arithmetic questions 
was prepared for Part 1. A bank of 18 
elementary algebra questions was 
developed for Part 2 and a bank of 10 
questions was selected for Part 3. 

Here’s how the program works. Let’s 
assume that the faculty have decided 
that the students should answer 10 out 
of 13 questions in Part 1, 10 out of 13in 
Part 2 and 4 out of 7 in Part 3. Let’s 
further assume that such a decision by 
the faculty will not take more than a 
day. The latter assumption may be 
somewhat risky, but not unreasonable. 
On the first day of classes or during the 
first week, the program (developed in 
BASIC) is run using the aforemen- 
tioned selectivity numbers and within 
three minutes, the final examination 
produced is the final examination that 
the student gets. This examination will 
contain randomly-selected questions 
from each bank, they will be randomly 
presented in the examination, and each 
program run will contain different and 
suitable numbers for each of the 
questions. (Two sample copies 
produced in a six-minute period are 
shown.) The computer printout of the 

examination is given to the reproduc- 
tion department for photo-offset and as 
far as the faculty are concerned that 
final is finished: No further typing is 
needed. 

Benefits. 
Faculty don’t have to spend long 

hours meeting and bothering each 
other to meet deadlines. The time 
saved by the faculty can be devoted to 
their students and teaching rather than 
to the chores of preparing the final. To 
improve this program still further, one 
could make it a multiple-choice-type 
examination which could be machine- 
graded. This however, would do the 
student a disservice, in math courses at 
least, since we’re interested in the work 
done and method used to support the 
answers attained. The reasoning and 
thinking used to solve a problem are 
more important than the answers. 



Time Saved Using Computerized Finals 

A reasonable estimate of time saved in asemester by using computerized 
finals for Math 05 is as follows: 

Faculty time for final exams: 50 hours/semester — day session 

15 hours/semester — eve.’session 
Typing time for final: 2 hours — day session 

6 hours — eve. session 
Faculty time for 3 classroom exams: 72 (assuming 2/3 of faculty 

participate) 
With savings of this magnitude, each regular semester and probably a third 
to half as much for each six-week winter and summer session, it would 
appear economically feasible to computerize all final and classroom exams 

for basic courses in each discipline. The larger the number of multiple 
| sections for a course, the greater will be the faculty time saved. 

Nevertheless, a second program has 
been produced which not only 
presents questions and_ suitable 

numbers randomly, but also gives the 
answers to each of the questions. This 
also saves some faculty time when they 
prepare to grade the examinations. For 
the benefit of bilingual students, a 
third program will produce a random 
final examination in Spanish, with 
answers as well. 

Other Savings. 
There are other savings and benefits 

from the use of computer-prepared 
random final examinations that will 
accrue to faculty and students as well. 
During the last two weeks of each 
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semester it is customary for faculty to 
prepare:a review sheet that serves as a 
guide for students in preparing for the 
final. The review sheet usually high- 
lights those topics the student will 

be responsibile for and will most likely 
contain a list of problems he/she 
should know how to solve. The faculty 
members no longer have to do this. 
Once again, on the first day of the term, 
instead of during the last two weeks, 
the complete bank of questions in all 
three parts of the examination can be 
run off by the computer in about three 
minutes and again the questions are 
randomly positioned in each part and 
the numbers used are suitable and 
randomly selected by the computer. In 
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fact, in those questions where a per- 
son’s name is mentioned, the name is 
also randomly selected. The complete 
set of questions may be given to the 
students and they can be told that the 
major portion of the final examination 
will be selected from this set. The goals 
for the course are thereby set at the first 
session. As an alternative to giving the 
students the entire bank of questions, a 
separate bank of 30 mixed problems in 
arithmetic and algebra is available and 
can be used. 

It frequently happens that with large 
groups of students taking the same 
course, the final exam is usually 
administered in large lecture halls with 
students occupying alternate seats. By 
using three different computerized 
finals for the same course, all the seats 
in the lecture halls may be used and 
final exam number 1 may be given to 
those students occupying columns 1, 
4,7, 10, etc., exam number 2 may be 
given to those in columns 2, 5, 8, 11, 
etc., and exam 3 may be given to those 
in columns 3, 6, 9; 12 etc. As a 
consequence, fewer proctors will be 
required to administer the exam and 
student cooperation on the exam is 
minimal. 

Improving the Quality. 
To improve the quality of the exam, 

the bank of questions in each part will 
be increased by at least 50 percent 
during the current semester so that 
there will be at least 27 questions in 
each of Parts 1 and 2 and at least 15 in 
Part 3. Any other suggestions from 
faculty and students who use these 
exams this semester will be incor- 
porated in the next master program. 
Other future plans call for com- 
puterizing the three exams given 
during the semester. Since an exam is 
usually given after several topics are 
covered, the bank of questions from 
which each of the classroom exam 
questions is selected will be solely from 
these topics. Starting with the winter 
session, all classroom and final exams 
in Math 05 may be computerized with 
and without answers and bilingually in 
Spanish. All makeup exams in Math 05 
which have to be prepared, can be 
done so in less than three minutes. 
Although not all faculty (about 13) 
teaching Math 05 may wish to join this 
project for one reason or another, the 
initial reaction appears to be that most, 
if not all, will. All of the evening-session 
final exams can also be run on the 
computer and a different one may be 
given to each evening session instruc- 
tor. 

Future projects will consist of the 
development of similarly computerized 
exams for such multiple-sectioned 
courses in Math and then in other 
disciplines. @ 



Computational 
Reprinted with permission from Science News, 

the weekly news magazine of science and the 

applications of science. Copyright 1976 by 

Science Service. Ine. 

Unsolvability 
Problems of arrangement and schedul- 

ing are among the most common yet most 
vexing in all of applied mathematics. 
Sometimes solutions are intuitively obvi- 
ous; other times they are surprisingly 
paradoxical. Some problems succumb to 
prosaic methods of attack, while other 

apparently similar problems are totally 
intractable. 

The common managerial task of sche- 
duling a given set of jobs among available 
staff in order to finish the work in the least 
possible time is a good example. Ordinar- 
ily, if the manager sees that he can’t meet 

his deadline with existing staff, he will 

add an additional person. But in some 
cases, this additional person might in- 
crease rather than decrease the total length 
of time required to finish the job. The 
subtleties of scheduling are so deep that, 
although it is possible to write a computer 
program that will determine the most 
efficient schedule for a staff of two, it 

appears that the same problem for a staff 
of three requires so much computer time 
as to be, for all practical purposes, im- 
possible to execute when the number of 
jobs is large. 

Recent research has revealed a pro- 
found dichotomy in the nature of these 
combinatorial problems. Some are, in a 

specific technical sense, easy, while others 

are hard. The latest major problem to be 
successfully diagnosed in these terms is 
over 100 years old. It begins in a tale of 
four cities and ends in current research in 
computer networks and integrated circuit 

design. 
Suppose an engineer wants to find the 

least expensive way to join cities located 
at the four corners of a square with a 
network of telephone cables. Since the 
cost of installing the network is roughly 
proportional to the total length of cable, 
he might expect that the best solution is 
to lay cable along the diagonals of the 
square, with a junction in the middle. But, 

surprisingly, this does not yield the short- 
est (and cheapest) network: the engineer 

could do about 3 percent better if he used 
two junctions and joined the cables at 
angles of 120° (see diagram). This con- 
figuration is the optimal, or best possible, 
solution to the engineer’s problem. Be- 
cause this solution was first studied by the 
19th-century German geometer Jacob 
Steiner, the junction points where three 
paths meet at equal angles are today called 
Steiner points. (The 120° requirement for 
minimal path lengths is the two-dimen- 
sional analogue of the 120° angles at 
which soap films meet [SN: 9/20/75, p. 

186].) 

Problems where complexity 
grows exponentially are now 

believed incapable of 
exact solution on even the 
fastest possible computers 

BY LYNN ARTHUR STEEN 

Modern engineers confront varieties of 
Steiner phenomena in problems ranging 
from the design of microprocessor chips 
to nationwide communication networks: 
The determination of the shortest network 
linking certain given vertices is one of the 
famous unsolved problems of combina- 
torial mathematics known as the Steiner 
minimal tree problem. (It is called a tree 
problem because of the resemblance be- 
tween its solution network and complex 
branching of trees.) Although the nature 
of the general solution is well known, 
finding locations for the required Steiner 
points is a very difficult problem. 

Until 1961 it wasn’t even known if the 
problem could, at least in principle, be 
solved by a search of all possibilities. At 
that time Z. A. Melzak invented an al- 
gorithm (a step-by-step solution proce- 
dure) that introduced possible Steiner 
points in a sufficiently systematic way that 
it would eventually find the optimal con- 
figuration. But, despite a variety of 1m- 
provements since then, Melzak’s al- 
gorithm takes so much time that even on 

the fastest computer it is really feasible 
only for networks with about 15 to 20 
vertices. 

An experienced designer could do just 
about as well “‘eye-balling’’ the problem, 
that is, examining a scale drawing and 
introducing Steiner points where it looks 
as if they will do the most good. What 
makes the Steiner minimal tree problem 
so difficult is trying to tell a computer 
which of the many possible Steiner points 
“‘look good.”’ It is precisely when the 
problem gets too large for a person to 
‘“‘eye-ball’’ that the computer is most 
needed, and that is precisely where exist- 
ing programs are of no use. 

The meager results of nearly two dec- 
ades of work on the Steiner minimal tree 
problem led many researchers to speculate 
that the problem was in fact intractable. 
That it is indeed intractable has now been 
proved by Michael Garey, Ronald Gra- 
ham and David Johnson of Bell Labora- 
tories in Murray Hill, N.J. 

To understand the nature of their result 
we need to examine briefly the nature of 
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computer algorithms that are used to solve 
problems of scheduling or arrangement. 
Solving such problems involves searching 
through different combinations of events 
in space or time; thus these problems are 
part of what is known as combinatorial 
analysis. All such problems have in com- 
mon a natural ‘‘tree structure’? in which 
early tentative decisions by the solver lead 
to branch points in the solution process 
where several other options may be pur- 
sued. 

In a typical problem, there may be only 
a few correct routes through an enormous 
maze of branches. A combinatorial prob- 
lem is like a huge tree with fruit at the 
tips of just a few twigs. How is a near- 
sighted bug crawling up the trunk going 
to select only the branches that lead to 
the fruit? 

One way would be to have an oracle 
who can see the whole system at a glance. 
This is, in fact, how many relatively small 
combinatorial systems are solved—by a 
Gestalt-mathematician who apprehends 
the solution in a single act of perception. 
But it does not work for large systems 
because computers lack human insight, 
and humans lack the computer’s memory. 

A second method would be to employ 
a so-called nondeterministic algorithm. 
“‘Nondeterministic’” is used to describe 
methods that avoid the problem of deter- 
mining the correct branch by following all 
branches simultaneously. This requires, 
hypothetically, a computer that replicates 
itself over and over again so that late in 
the process thousands of similar programs 
will be working alongside each other, 
simultaneously pursuing different 
branches of the solution tree. Whenever 
any one finds the fruit, the problem is 
solved. 

Nondeterministic algorithms have a 
natural advantage of speed, for the time 
required for such an algorithm to solve 
a particular problem depends only on the 
total path length from beginning to end 
(called the depth of the solution tree) and 
not at all on the number of different 
branches in the tree. But they achieve this 
advantage by unrealistic simultaneous re- 
plication of computation power. Only in 
the last few years have parallel-processing 
computers been developed, and the num- 
ber of parallel tracks is strictly limited by 
the nature of the hardware. So, for all 
practical purposes, nondeterministic al- 
gorithms are a figment of a theoretical 
imagination. They cannot be used for 
practical solution of large combinatorial 
problems. 

The conventional way to simulate par- 



Cities ® connected with a network by means of Steiner points © are pictured by 
the solid line. An alternative Steiner network linking the same cities is marked by 
dotted lines, using the Steiner points A. Both of these Steiner networks require less 
total distance than any straight-line network that did not use Steiner points, but it 
is not immediately clear which of these two Steiner networks uses least total distance. 

Two ways to efficiently connect cities with telephone networks. For a square one mile 
on each side, the obvious method on the left requires 2/2 = 2.83 miles of cable. 
The more subtle means on the right, using cables that intersect with equal angles 
at two junctions, required only 1 + /3 = 2.73 miles of cable. 

allel processing in a standard sequential 
computer is by means of a “‘backtrack’”’ 
algorithm. Each time a branch point is 
reached, one branch is pursued and the 

others are stored in a stack of incompletely 
developed options. When the program 
reaches a dead end along the path it is 
pursuing, it backtracks to the most re- 
cently encountered unexplored branch 
stored in its options stack and pursues it. 
This process is repeated as often as nec- 
essary until one of the sequences of 
branches leads to a successful conclusion. 

Backtrack programming (and related 
techniques called ‘‘branch and bound”’ 
algorithms) are just systematized ap- 
proaches to trial and error: They organize 
the trials to ensure that errors, once dis- 
covered, are never repeated. But even a 

systematic search of all possibilities re- 
quires an enormous amount of time. 
Typically, the time required for a back- 

track solution grows exponentially with 
the size of the problem. 

The facts of exponential growth over- 
whelm even the astonishing speed of 
modern computers. Typical combinatorial 
problems involving, say, 10 cities (or 10 
tasks to be scheduled) may require about 
2}° (roughly, 1,000) branches. Depending 
on the complexity of the investigation to 
be carried out along each branch, this can 

be done in about a second or so of com- 
puter time. But if the problem increases 
to size 50—not all uncommon—the 
branching increases to 2°°; at 1,000 
branches per second, this would take over 
30,000 years! Thus computer scientists 
view as intractable large problems whose 
only known solutions are achieved by 
backtrack programming. They are com- 
putationally unsolvable. 

Much better are those algorithms that 
grow polynomially rather than exponen- 
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tially. If the time involved is of the order 
of n? or n° rather than 2", the computation 
time for large problems is dramatically 
reduced. For example, to continue with 
the hypothetical computations of the pre- 
vious paragraph, a computer checking out 
1,000 branches a second would manage 
10? branches in a tenth of a second, and 
50? branches in 2.5 seconds. Even 50% 
branches would only take two minutes. So 
to get a rough measure of the time re- 
quired to solve a problem, computer sci- 
entists look first at whether the solution 
algorithm grows polynomially or expon- 
entially with the size of the problem data. 

Exponential growth most often results 
from a solution tree that is too broad: Even 
though the number of steps in a correct 
solution may grow polynomially, if the 
number of unfruitful branches that must 
be explored is too great, the time required 

by the solution algorithm may grow ex- 
ponentially with the size of the problem. 
Problems like this can be solved in poly- 
nomial time by a nondeterministic al- 
gorithm. But, as we have seen, such al- 
gorithms are idealizations, incapable of 
actual implementation in polynomial time. 

The class of problems that can, in prin- 

ciple, be solved by a nondeterministic 
algorithm of polynomial time—a class 
called NP, short for nondeterministic po- 
lynomial—thus includes many of the 
problems whose solutions actually seem 
to require exponential time. Whether in 
fact those problems that now seem to 
require exponential time actually cannot 
be done in polynomial time is not known: 
One of the major unsolved problems of 
current computer science is whether, pos- 
sibly, every problem in the class NP can 
really be solved in polynomial time by an 
ordinary (deterministic) algorithm. 

Massive circumstantial evidence has led 
virtually all informed observers to the 
conclusion that some problems in NP 
cannot be solved in polynomial time. This 
conclusion, if upheld, means that large 
problems of this type cannot be solved at 
all. 

The first step in this chain of evidence 
was taken in 1971 by Stephen Cook of 
the University of Toronto who showed 
that each problem in the class NP can be 
transformed into a certain problem in 
mathematical logic, called the Satisfiabil- 
ity Problem, in such a way that any al- 
gorithm that would solve the Satisfiability 
Problem could be adapted to solve the 
other problem as well. (The Satisfiability 
Problem is the question of whether a 
Boolean logical expression can be satis- 
fied [i.e., made true] by appropriate 
choice of the propositions from which the 
expression is built.) Cook’s result shows 

that, in some sense, no problem in the 
class NP is any harder than the Satisfia- 
bility Problem. 

Shortly after Cook announced his re- 
sult, Richard Karp of the University of 
California at Berkeley showed that many 



other problems in the class NP share the 
distinction of the Satisfiability Problem. 
He called these problems NP-complete; 
they are sufficiently detailed to serve as 
prototypes for all other NP problems. 
Each NP problem can be transformed into 
any NP-complete problem and solved by 
appropriate adaptation of the solution al- 
gorithm for the NP-complete problem. 

NP complete problems form a subclass 
of the class NP containing those of maxi- 
mum difficulty. Karp (and others after 
him) showed that many famous problems 
of finite mathematics are in this class. 
These include the famous ‘‘traveling 
salesman problem’’ (find the shortest route 
that visits each city on a list exactly once), 
“0-1 integer programming’’ (linear pro- 
gramming in which variable values are 
limited to yes or no options) and “‘graph 
coloring’’ (assign a limited number of 
colors to regions in such a way that no 
regions with a common frontier receive 
the same color). The recent result of 

Garey, Graham and Johnson shows that 
the Steiner minimal tree problem is also 
of this type: It is NP-complete. 

Most of the problems now known to 
be NP-complete have an extensive history 
of unsuccessful search for a polynomial- 
time algorithm. Recognition that they be- 
long to the class of NP-complete problems 
shows that they are essentially equivalent 
problems. Thus the accumulated evidence 
of unsuccessful search for efficient al- 
gorithms for each of the several dozen 
NP-complete problems concatenates into 
an impressive record of failure. 

Nearly half a century ago the mathe- 
matical logician Kurt G6ddel astonished the 
mathematical and philosophical world by 
showing that in any sufficiently complex 
mathematical system there will always be 
intrinsically undecidable propositions— 
statements that can, by their very nature, 
never be proved or disproved. The status 
of NP-complete problems—if present be- 
liefs are proved true—is somewhat analo- 
gous: They are problems that are 
sufficiently complex that, by their very 
nature, they cannot be solved in any prac- 
tical amount of time. Gédel’s work estab- 
lished the existence of problems that are 
theoretically unsolvable; NP-complete- 
ness points to the existence of problems 
that are computationally unsolvable. 

Gédel’s work on undecidable proposi- 
tions led logicians away from a fruitless 
task (the complete formalization of all 
mathematics) and into more promising 
terrain. Similarly, the discovery of NP- 
completeness is right now turning applied 
combinatorial mathematics from _ the 
search for exact algorithms to the search 
for sufficiently good approximate ones. 
With this new focus comes a whole host 
of new and interesting questions concern- 
ing the establishment of standards by 
which an algorithm can be judged when 
we know that it is in the nature of things 
that it cannot be perfect. 

State-of-the-Art 
VS. 

Compatibility 

Although | have been a computer user since the IBM 
650, Bendix G-15 and other assorted antique relics, | am 
not, by any stretch of the imagination, a Hardware Giant. 

_Or Software Giant either. Indeed, all | want is a-nice 
docile machine which will do my bidding and be my tool 
without me having to learn about its guts. In other words, 
| want to get in the car, turn a key, and drive off .... | don’t 

want to build, repair, or even understand the durn thing. 
But unfortunately it appears that the manufacturers in 

the microcomputer industry don’t See it quite this way. 
First of all, most of the companies were started by 

engineers or programmers, exceptionally talented froma 
technical standpoint. Each one has a slightly better 
mousetrap, never mind that it’s not quite compatible with 
One introduced three months before by another company 
or even their own firm. So we have a rapid succession of 
fantastic, state-of-the-art products, most of which don't 
quite work with the system you bought a couple of 
months ago. In fortunate cases only a few components 
are obsoleted; perhaps a marginal board can be updated. 
But remember, I’m just a user, so forget about bypassing 
the 7504 and putting in a 7807. Or rewiring my cassette 
recorder so the microphone switches off at full treble 
instead of full bass. Mumble, mumble. Unfortunately all 
too often the succession of state-of-the-art advances 
from the manufacturers looks like ERISA to the con- 
sumer. (ERISA to the Feds means Employee Retirement 
Income Security Act; to DP types it’s a software package; 
however, as used here it means “Every Ridiculous idea 
Since Adam.”) 

| could cite any number of real live examples revolving 
around the five Creative Computing systems but | really 
don’t want to single out any five or six manufacturers — 
the problem is so very pervasive. For example, in tape 
cassette formats on our systems alone we have: 

1. CUTS (Processor Technology SOL-20) 
2. Altair (MITS. We don’t worry much about this one; it 

hardly ever works, but we keep trying). 
3. Xitan (TDL) 
4. Byte/KC (SWTPC) 
5. Tarbell 

And why, he asked rhetorically, should software written 
for the Cromemco 2-80 CPU not work on the TDL Z-80 
ZPU? Ha! Only the beady-eyed programmer knows. Or 
why, he asked cynically, should Seals and ECL 8K static 
memory behave entirely differently in a Dazzler-equipped 
system? Double ha! 

Not that | should be giving advice to manufacturers and 
retailers, but in their position | think | would ask: are the 
expected sales as a result of introducing this latest state- 
of-the-art advance greater than the expected lost sales as 
a result of incompatability with existing systems? 

In the short run, unfortunately, the burden is on the 

customer (and perhaps on the retail computer stores) to 

figure out if board X will work with system Y. Caveat 
emptor. David H. Ahi 
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All about recursion and various other goodies 
offered by APL and even some versions of BASIC. 

Something is [iiissiiig... 
Craig A. Finseth 

BASIC, as a programming language, offers a wide 
variety of features. There are, however, some features that 
most BASIC systems do not offer. Recursion and “on the 
fly” variable creation/deletion are two examples of these. 

In other languages, such as APL, these concepts are built- 
in as part of the language. Why isan APL system able to do 
these things while most BASIC systems cannot? 

The prime reason for the difference is that APL stores its 
data in a way that is much more flexible, as well as making 

provisions for recursion. There is a price paid, in that the 
format for storing data can become rather complicated. 
This article is intended to make the concepts behind APL’s 
data format visible. Don’t expect to be presented with a 
“cut and dried” method for doing what would not be useful 
in itself. Instead, ideas and some “tools of the trade” will be 
evolved. in this way, you will be shown the reasons for a 
method of operation, as well as some other methods that 
do not work as well and the reasons why they don't. 

It should be noted that this article is written about a 
specific application for these concepts. Because of this, 
there will be assertions made that something “must” be 
done a certain way. As with many things in the computer 
field, there are usually many other ways of doing 
something and some of them are probably better. Don’t 

think that a certain way is the only way: think about why 
you are doing it that way and look for better methods. 

Recursion 
Recursion is the first difference mentioned, so let’s start 

with it. First, what is recursion? A function is recursive 
when it calls itself. (It can also calla second function which 
calls the first, etc.) We shall use the classic factorial 
function example to illustrate the idea. (Note that this 
method is not necessarily the most efficient way of 

calculating factorials!) 
Now, what are factorials? A factorial is the product of the 

integers from one to n. Thus, five factorial, written 5!, 
means 5*4*3*2*1. In the example we shall take advantage 
of a useful property of factorials in that n! is the same as 
n*(n-1)! (that is, 5! is the same as 5*4!). So, in our factorial 
function we can just have it call itself to figure out what (n- 
1)! is and then multiply that result by n. If you think that this 
could go on _ forever, you're right. Fortunately, 
mathematicians have conveniently defined zero factorial 
as one (0!=1). It’s an easy matter to check to see if the 
argument is a zero; if so, we just return aone. One method 
of writing this function in a BASIC that allows multi-line 
function would be thus: 

10 DEF FNF(N) 
20 IF N<>0 THEN 50 
30 LET FNF=1 
40 GOTO 60 
50 LET FNF=N*FNF(N-1) 
60 FN END 
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This should 
exception of line 50 which is where the function calls itself. 
For this example, we are assuming that our BASIC system 
is able to handle recursive functions. 
Suppose that we were to try to find 3!. Someplace ina 

program we might have a statement like the following: 

look quite straightforward, with the 

666 LET X=FNF(3) 

What would the execution of FNF look like? One way of 
showing what happens is to make a second copy of the 

function whenever it calls itself (this is also a possible 
method of implementing recursion). Figure 1 shows what 
it would !ook like. 

In it, we inserted in each call to FNF acopy of the function. 
Along with this insertion, in each copy we replaced N by 
(N-1). (Remember that we want to do (n-1)!). Mentally 
setting N to 3, we can follow down the chain until we reach 
the end. (This diagram is tailored to the specific case of 
N=3. If N were to be ten, then there would be eleven copies 
of the function.) In the fourth copy, we see that (((3-1)-1)- 
1) is, indeed, zero and so we return a one. This one is 

multiplied oh ((3-1)-1) and the copy returns a one again. 
This result is multiplied by (3-1) which yields a two and 
that is finally multiplied by three, giving the final value of 
six. Three factorial is, of course, six. 

Even though we can get the right answer this way, 
making copies of functions is not a very good way to 
operate. One reason is that you eat up both time and 
storage because you have to keep making copies of the 
function. Another reason is not to obvious. When we made 
copies of the function, we just substituted (N-1) for N 
whenever necessary. In our specific case, this worked fine, 

but how do we handle the case of the statement LET N=5? 
This would translate to LET (N-1)=5, which looks fishy, to 

say the least. If we were smart, we would change this to 
LET N=5+1, but this doesn’t work on such other cases as 
LET(ABS(N))=5, not even to mention LET(A+B)=5. How 
do wetranslate that? Is Nnow equal to +5 or-5? Itlooksas 
if we need anew way of keeping track of what’s happening, 
since it is not only inefficient, but nearly impossible to 
implement “blindly” as has been done here. 



10 DEF FNF(N) 
20 IF N <> 0 THEN 50 
30 LET FNF=1 
40 GOTO 60 
50 LET FNF=N* 10 DEF FNF( (N-1) ) 

20 IF (N-1) <> 0 THEN 50 
30 LET FNF=1 
40 GOTO 60 
50 LET FNF=(N-1)* 10 DEF ENF( C(N=at) ah) 9 

20 IF ( (N-1)-1) <> 0 THEN 50 
30 LET FNF=1 
40 GOTO 60 
50 LET FNF=( (N-1)-1)* 

60 FN END 

60 FN END 

60 FN END 

10 DEF FNF( ( ( (N-1)-1)-1) ) 
20 IF (( (N-1)-1)-1) <> 0 THEN 50 
30 LET FNF=1 
50 GOTO 60 
50 LET FNF=( ( (N-1)-1)-1)*FNF(...) 
60 FN END 

Fig. 1. Using recursion to calculate factorials. 

Stacks. 
Let’s digress for a moment and talk about food. In many 

cafeterias, there are spring-loaded platters in the counter 
that support stacks of plates, with only the top one visible. 
Suppose that we write a three on one plate and put it ontop 
of the stack. We then take another plate, write a two on it, 
and put it on the pile. We add a plate with a one on it to the 
growing heap, and then finish off with a plate labeled zero. 
Now, when we remove the plates, the zero plate comes off 

first, followed by the one, then the two, and finally the 
number three plate. Note that the order in which we 

remove them is exactly reversed from that in which we 
placed them. Note also that there is only one number 
visible at any time, even though all of the numbers that are 
beneath it (placed on earlier) are “remembered.” In our 
factorial function, we want N to take on successively the 

values 3, 2, 1, and 0 and then take on the same values in 
reverse order (1, 2, 3) as it returns from successive 
function calls. Going back to the plates, note that we 
placed plates on the stack, then removed only what we put 
on. There could have been plates underneath; if so, then 
they would not have been disturbed. This process is useful 
because our factorial function may not have been the only 
one called. For example, a function to compute sines may 
have been called, which then proceeded to call this one. 
This “stack of plates” concept, while it might not work, 
seems to give hope for finding a way to do recursion. 

How do we write something in BASIC that can use this? 
There are two problems: interfacing to a stack of plates is 
not easy and it would be a very slow peripheral since we 
have to wait until someone comes to eat in order to see 
what is under the top plate. Besides, people might 

complain about numbers being written on their plates. 
Thus it seems reasonable to write a simulation of what is 
going on that will run using only BASIC and needing no 
fancy peripherals. What better object to use than an array, 
since we probably will wind up doing the same task over 

and over on many different values. We will start off by 
being completely arbitrary and do the following: DIM 
N(100), R(10G). What, you ask, are we going to put in array 
N? N will contain the numbers that would otherwise have 
been written on the plates (3, 2, 1, etc.). Its use is to keep 

track both of what is in current use and the values to be 
remembered. R is the array that notes which line we were 
called from. It is being kept track of internally by BASIC 
itself and is being shown here to help you follow what is 
going on. (Remember that this BASIC can handle 
recursion.) Let’s see what might be in Nand Rimmediately 
after we call factorial for the first time: 

N(1)=3 R(1)=666 
666) 

(Assume that any elements of the arrays N and R that are 
not specifically mentioned contain garbage.) We will now 
continue until FNF calls itself for the first time (the second 
call). Now, N and R look like this: 

N(1)=2 R(1)=50 
N(2)=3 R(2)=666 

Until now, there has been no question about what the 
value of N is. Now, there are two entries in the array and 
there must be an agreed-upon method for figuring out 
which is the most current one. (Such an agreement is 
called a convention, and few, if any, conventions are 
industry-wide.) Judging by what we did to get into this 
situation, we shall adopt the convention, temporarily, that 
the currently active element is N(1). Thus, whenever we 

(The function was called from line 

“encounter an N in the function, we use the value in N(1) to 
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tell us the current value for N. When each number.is placed 
on top of the stack (this corresponds to making another 
copy of the function; this is called pushing down the 
stack), all of the other values can be moved one slot further 
down to “make room.” As we shall see later, removing the 
top value (réturning from a function, called popping the 
stack) allows all of the buried values to be moved one step 
towards the top. 
We will continue executing the function and stop when 

N is zero and FNF has just been set to one (for the first 
time). 

WOnm-OoO 



If you feel a bit lost now, go back and look at the expanded 
diagram (Fig. 1). We are currently on line 30 of the most 
deeply nested copy of the function. Let us continue on 
until we are just about to return from the copy of FNF 
where N=1 (line 50 of the next-most-deeply nested copy). 

N(1)=1 R(1)=50 
N(2)=2 R(2)=50 
N(3)=3 .R(3)=666 

Note how the stack has popped. It should be apparent by 
now what will occur when we let execution continue until 
we return to line 666. Both of our problems have now been 
solved and the “stack of plates” works. If this array struc- 
ture is incorporated within the BASIC system, then there 
no longer need be more than one copy of the function. We 
also can handle the statement LET N=5* because we can 
modify N(1)-all we want, since it will be thrown away upon 
returning. 

There still is a very inefficient process going on here. So 
far, each time we push something onto the stack, we 
laboriously move each entry down one place. This is very 
wasteful of time. This copying is done because we want 
the current-use position to be constant (the first element) 
but we can let the remembered values move about. The 
trouble is that there are usually more remembered values 
than current ones. So let’s flip the stack end-over-end and 
fix the position of the remembered values, while allowing 
the position of the current one to change. We have to keep 
track of this position, so we shall introduce the variable P 
(for pointer, if you really must know) to do this. 
The previous four snapshots will be reprinted in the new 

format: 

N(1)=3 R(1)=666 becomes N(1)=3 R(1)=666 = P=1 
N(1)=2 R(1)=50 becomes NOS R(1)=666 P=2 
N(2)=3 R(2)=666 N(2)=2 R(2)=50 
N(1)=0 R(1)=50 becomes Nites R(1)=666 P=4 
N(2)=1 R(2)=50 N(2)=2 R(2)=50 
N(3)=2  R(3)=50 N(3)=1 _R(3)=50 
N(4)=3 R(4)=666 N(4)=0 R(4)=50 
N(1)=1 R(1)=50 becomes N(1)=3 R(1)=666 P=3 
N(2)=2 R(2)=50 N(2)=2 R(2)=50 
N(3)=3  R(3)=666 N(3)=1 R(3)=50 

In the first example, nothing much is accomplished. 
However, in going from the first to the second, no moving 
around was needed but only the incrementing of Pandthe 
placement of new values. In going from the third to the 
fourth example, instead of having to move up three entries 
in each array, all that happened was that P was set to P-1 
(decremented). (Elements N(4) and R(4) don’t even have 
to be erased. They just become part of that garbage that 
we mentioned earlier.) The only price for this increase in 
efficiency is that you must use N(P) instead of N(1) 
whenever you want to refer to the current value. Note that 
in neither case does it make a difference whether or not 
there was already something on the stack (P might just as 
well have been, say, ten to start). 

The size, 100, which was picked arbitrarily, actually 
does have some significance. When you select the stack 
size, you must be sure to allocate enough room for the 
largest number of items to be remembered that you will 
ever come across. This can lead to having large amounts 
of empty space tied up in stacks thatis not likely to ever be 

*This method allows us to do what we mean in a recursive program. When 
we have a function call itself (that is, FNF(N-1)) what we mean is that N in 
the new copy should have a value one less than that inthe calling copy. This 
is accomplished by N(1)=N(2)-1 in the calling sequence. Now, modifying 
the current N will not affect the old values. A variable that has this property 

is said to be local to the function. 
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used. The common solution to this is to combine the 
various stacks into one large stack. For our example, we 
could do something like the following: 

P=2  S(1)=666 
$(2)=3 

To put the next function call on the stack, the 50 (from R) 
would go in S(3) (the odd element) and the 2 (from N) 
would go in S(4) (the even element). The main difference 

is that P would now go up by 2. The effect of all this is to 
have one array of size 200 instead of two arrays of size 100. 

Now, 2x100=200 and you might ask, where is the savings 
coming from? The space savings doesn’t start until the 
things to be stored get more complicated. This savings 

comes when two or more stacks being combined do not 
always grow at the same rate. An example might serve to 
illustrate. 

Function calls are the only things that we have been 
putting on the stack so far. There is another class of 
related things that also is convenient to put on the stack 
when writing an interpreter. This class is mainly concern- 
ed with evaluating expressions, and consists of open 
parentheses, subscript calculations, and operands for 
operators that have been delayed in execution (that is, in 
4+5*6, the 4 must be held somewhere while the 5*6 is 
evaluated). Function calls can occur anytime and so can 
open parentheses, etc., but they occur independently and 
the occurrence of one does not imply the occurrence of 
the other (with the exception of the parentheses around 
the function’s arguments). Usually, there are many more 
open parentheses, etc., than function calls. 

Since we have two things which occur independently, 
we can make good use of the “common extra space.” If 
there is asudden rash of function calls, the common space 
can be used to handle it. The same storage, at a different 
time, can also be used for open parentheses, etc. Thus, we 

don't have to dedicate it to any one particular use. (The 
situation can arise where we want to call a lot of functions 
and evaluate a complicated statement. Here, the only 
solution is more storage.) 

The entries on the stack containing the function calls or 
open parentheses will probably be of different, if not 
varying, lengths. An example of a varying-length entry isa 
function call, since it can have anywhere from zero 
arguments on up. Thus, it might prove useful to keep track 
of the lengths of the entries. In general, itsomehow makes 
sense to place this length at the start of the entry (start 
being defined as the first part of the entry that you see). 
Later on, there will be a reason given for keeping those 
lengths around. 

Believe it or not, you now know enough to implement 

recursive functions in your BASIC system, either by 
modifying the system itself or more simply by simulating. 
The main difficulty—in either case—is figuring out how to 
handle R (the return addresses), since itis that which most 
systems lack in a readily usable form. This is part of what 
APL can do that most BASICs do not. 

the entry from R 
the entry from N 

Variable Creation/Deletion 
Already we have seen how APL could do recursion, and 

that is the first of the differences mentioned. Variable 
creation/deletion “on the fly” is the other difference 
mentioned. We will start by examining what exactly it is 
that we are creating and deleting. Since we are talking 
about variables, it seems logical to start by keeping track 
of their names. APL, unlike BASIC, offers multi-character 
variable names, so it seems time to apply the length 

concept and store the number of characters in the name 
followed by the name itself. Another logical thing to do is 
to note down the value of the variable. Since APL allows 
multi-dimensional arrays, the number of dimensions 
(whether the name represents a simple variable, an array, 



a matrix, etc.) should be stored, followed by the length of 
each dimension (another application of the length 
concept) followed by the value(s) itself (themselves). 
Alternatively, there could be “flag values” telling when, for 
example, the dimension list ends, eliminating the need for 
a number of dimensions entry. There are additional ways 
of doing this. Note that functions can be stored inasimilar 
way, so the later discussions can be applied to either. 

Since what we have here amounts to a variable definition 
(as in definition of a variable), that makes as good aterm as 
any to use when referring to the whole thing. The variable 
definition itself, of course, can have a length associated 

with it. 
To keep track of all the variable definitions, we will store 

them in a table, simply listing them one after another. 
(Needless to say, this method will be replaced with a more 
efficient one!) Now, the table looks like this: 

variable definition #1 

variable definition #2 

variable definition #3 
e 

To add a new variable definition to the list, you simply tack 
it on the end. To delete one, you could just replace it with 
zeros or some other marker. (This same marker could fillin 
the rest of the “scratch area” that this table is stored in.) 
There are three ways of modifying the definition that are of 
import here: making the new definition (1) shorter, (2) the 
same length, or (3) longer than the old one. If you make the 
new definition the same length, there is no problem. If you 
make it shorter, you can fill in the extra space with the 
marker value. If it is now longer, you can fill in the entire 
old definition with the marker and tack anew definition on 
the end. 

This method is undesirable for three reasons. First, by 
always moving large chunks of data around, gaps tend to 
develop very quickly. Second, while this method allows 

recursion, it requires much too much shuffling of data to 
be efficient. One major inefficiency is that when figuring 
out which N to use, you might use the first one that you 
come across. This means that, when calling a function, if 
there is already an N in the table, you must insert a new 
definition such that the new definition is found first when 
searching the table. This entails pushing the old definition 
to the end of the table and replacing it with the new one— 

HEAD 

POINTER 

DATA 

BLOCK 

POINTER 

DATA 

perhaps only temporarily. And then there is always 
modifying the new definition .... Last, this makes it nearly 
impossible to enforce order (alphabetic, forinstance,) on 

the table. 
The first problem can be solved by breaking definitions 

into smaller chuncks. Whenever a chunk has to be 
modified, only that part need generate a gap. This tends to 
keep the gap-size small, and, by not duplicating data 
unnecessarily, uses up storage at a slower rate. 

The second problem is somewhat more complicated. It 
really gets emphasis when you are searching the table to 
find a name. To do this, you must find a name, then go 
element by element until you find a marker, then element 
by element until you find the next name. Needless to say, 
this is very slow. For an improvement, remember those 

lengths that we insist upon hanging on to without giving a 
reason? Instead of having to search through the whole 
table item-by-item, you can use these lengths to skip over 
the variable definitions entirely. Now, all that you have to 
do is search through marker values to find the start of the 
next name entry. And, if you were to hang on not only to 
the current lengths but also the original lengths (before 
shrinking), you could skip over the whole area and go 
directly from name to name. You now have a linked list on 
your hands (don’t worry—it isn’t contagious). Simply 
stated, a linked list is one in which you have a data block, 
with a pointer to the next data block, etc. (See Figure 2.) 

This, however, is still not the best of all possible worlds. 
When definitions get deleted entirely, it can become very 
difficult to keep the table correct. This can be taken care 
of, in effect, by forgetting that the deleted variable was 
there at all. This can be done by causing the pointer which 
pointed to the variable-to-be-deleted-now to point to the 
next entry. Inserting an entry is just the opposite case. 
(See Figure 3.) Moving an entry is easy; you just cause the 
pointer to the entry to be moved now to point to the new 
location. (See Figure 4.) 

This leads to the interesting prospect of the next name 
not having to be anywhere in particular. In other words, 
when you have to move a definition because it no longer 
fits in its present slot, all that has tochange is the pointer in 
the preceding entry and, as far as the list is concerned, 
nothing has happened. This nicely solves the third 
problem in that it is now trivial to keep the list in 
alphabetical order (or any other order, for that matter). 
Also, recursion can be supported much more easily 
because the new definition can be added to the front of the 

POINTER 

POINTER 

DATA 

BLOCK 

Fig. 2. Linked list. 
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#1 

POINTER 

DATA 

BLOCK 

Fig. 3. Deleting an entry 

POINTER 

#2 

POINTER 

DATA 

BLOCK 

#3 

POINTER 

#3 

POINTER 

DATA 

BLOCK 

BEFORE 

#1 #3 

DATA 

BLOCK 

Fig. 4. Moving an entry. AFTER POINTER 

list, even though it might be located at the physical end. 
There is still one minor flaw in this idea, and it is tied up in 
what the garbage-collect (described later) does. The 
salient point is that the garbage-collect moves stuff 
around, and the next entry is relative to where you are now. 
Thus, there are two ways for the pointers to get messed up. 
The most obvious change is to use absolute (relative to 
some fixed point) locations instead of relative (to where 
you are now) locations. Now, the pointers only have one 
way to get messed up. (Besides, by using absolute 
locations, each entry becomes independent of where it is 
located and can be moved around more easily.) 
Although at first glance there doesn’t seem to be any 

way of stopping the lists from going on forever, there’s a 
convention regarding this which is to use an illegal or 
unused address as the final pointer (often zero). By 
checking for this address, you can find out when to stop. 

It should begin to be apparent that when storing infor- 
mation like pointers, lengths, and other such things, we 
are using storage for non-data items. This is part of the 
trade-off between low overhead (amount of space used for 
“housekeeping” purposes) and flexibility in the system. 
This means that if you only want the data, then you are 
very limited in what your options are, while if you want to 
keep a “description” of the data, you have more options 
and even—to some extent—the ability to ask questions. In 
a simple example. you can write a program to average ten 
numbers, or you can write one to average N numbers. In 
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(UNCHANGED) 

the latter case, you have overhead in that you have to store 
N. You also have an option in what you can do and youcan 
even ask what N is. The same concept applies on a much 
larger scale when you start keeping as many extras as we 
are. There is a different trade-off: that between low 
overhead and low execution time. The extra information 
requires space, but it significantly cuts down on the time 
needed to execute a program. 

Garbage-Collect 
Finally, there is yet another toll exacted when programs 

become dynamic (constantly changing). Remember all 
those gaps that are created whenever you update a 
definition (or almost anything, for that matter)? These 
accumulate until a sizeable fraction of storage can be 
eaten up by them. They must then be packed down from 
time to time to keep the program from running out of space 
while there is still unused storage sitting around. It is this 
packing down that causes all of the lists to be moved 
around. The program that does this is called a garbage- 
collect and must—unfortunately—be individually written 
for each application. Garbage-collects are another use for 
all of those lengths, since it is convenient for the garbage- 
collect to know how long a chunk of data is in order to 
move it. Although this requires extra space to store, it 
saves large amounts of time and even cuts down on the 
size of the garbage-collect routine. It should be noted that 
there are ways of avoiding a garbage-collect. These 



involve having fixed-length chunks of data (to eliminate 
small gaps) and keeping a linked list of unused space. This 
method is often used in managing disk space, since 
garbage-collects on disc are very time-consuming. 

Name Table 
Turning back to our table of variable definitions, we find 

that it now could contain only the names of the variables. 
In the entry for each name might be a pointer telling us 
where the rest of the definition is. The rest of the definition 
may even be sitting right next to the name, but that doesn't 
matter. The reason for this is that when we are searching 
the table, we are only interested in the names until we find 
the correct one. Only then do we look at the rest of the 
definition. Hence, from now on, we will call it the name 
table. 

The name table, along with the stack containing 
information on function calls, etc., can tell us everything 

that is going on in and around the program. This, then, is 
called the environment and, even though the details or 
even the major parts can change from program to 
program, the term environment still refers to the “general 
picture” of what is going on. 

Our name table is a linked list which has the names in 
some order. The only ordering that we will assume is that 
when a function is called, its parameters’ (arguments’) 
definitions will be placed in the front of the list so that we 
will find them before their eartier definitions (either in the 
main program, another function, or another recursion 
level), if there were any. When a function finishes 
(returns), the most recently added definitions (that is, 

those that it added— isn't it nice how stacks work?) are 
removed. Thus, parameter definitions only exist after a 
function has been called and before it finishes. Thus they 
are local to the function and are called local variables. (In 

STACK NAME TABLE 

20 

BEFORE HE CALL 

STACK 

This method is reasonably straightforward, but it does 
have one drawback. If you are calling a function that has 
five local variables and this function calls itself ten times, 
then there are fifty entries in the table followed by what- 
ever was there before. There will probably be two types of 
variables that you are looking for: local variables (the most 
recent five of the fifty) or anything else (what is after the 
fifty). It seems rather inefficient to have to look at forty-five 
names without a hope that what you want will be there. 
Now, the situation on the stack will change whenever we 
call another function or return from one. This happens a 
lot less often, on the average, than trying to find the 
definition of a variable. We can, therefore, afford to spend 
a little extra time doing some polishing up of the name 
table at that time. The polishing up, of course, consists of 
effectively removing the entries of those forty-five “extra” 
definitions. 

When we put a function call on the stack, we also could 
put a listing of the local variables for that function with the 
call. This is useful in telling us which variables to delete 
from the name table when we return. Suppose, for the 
moment, that we would also store a pointer to the 
definition for the variable that it replaces (or, say, a zero if 
there wasn’t one). This eliminates the need for the old 
entry in the table and it can be deleted. We now have only 

the new entry in the table and, in the function call, a pointer 
to the old entry. (See Figure 5. The function F has local 
variables A and C. Thereis only one entry for Ain the name 
table, yet all the information can be recovered.) Thus, 
there is no information lost and upon returning, it is a 
simple task to restore the table by replacing the pointers to 
the new entries with those of the old and deleting all names 
that have our marker (zero) in their function call entry. 

This concludes the introduction to some ideas, con- 

Cc 

VALUE VALUE 
10 20 ASSIGNEL ASSIGNED 

IN F IN F 

AFTERSIRECAR 

Fig. 5. Stack and the name table. 

almost all languages that support recursion, there is a way 

to define a variable as local without its having been passed 
as a parameter.) The way then to determine which defini- 

tion of a variable to use (assuming that there is more than 
one definition) is to start at the beginning and use the first 
occurrence of the name. 
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cepts, and “tools of the trade.” Of course, many details 
were omitted, but then these vary greatly depending upon 
the exact nature of what your program is to do. You should 
now be able to see how APL—or any languages that are 
dynamic and/or allow recursion—put these techniques 
together to come up with a working system. &@ 
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The primary use of general-purpose computers is data 
processing, and most of data processing is file handling. 
.To make effective use of your computer, sooner or later 
you'll have to deal with files. So here’s an introduction to 
the wide world of file structures. 

To begin with, a few definitions: A file is an organized 
collection of related information. (A collection of files can 
be called a data base.) A file consists of records, all of 
which usually have the same basic structure. Each record 
can, in turn, be subdivided into fie/ds, or elements. 

A file can exist in memory, on paper tape, cassette, 
magnetic tape, disk, or any other type of storage. Storage 
can be considered in two categories, that allowing only 
sequential access (all kinds of tape and some primitive 
disk systems); and that allowing random access 
(semiconductor or core memory and most disk systems). 
Some tape systems purport to have random access, but 
random access on tape can only be achieved with 
considerable access time and space overhead. 

Sequential File 

The simplest and most common file structure is 
physical sequential. Records are arranged in some order, 
one after another in the file, and are physically accessed 
in that order. Tape files are by their very nature physically 
sequential. 

Let’s consider an example of a sequential file. Say you 
want to keep a catalog of all the books in your library, or 
all your record albums, musical scores, paintings, or any 
similar item. A record in such a file might look like this: 

AUTHOR | TITLE | PUBLISHER | ADDRESS BINDING | PAGES PRICE DATE | 

The file would consist of one such record for each book 
in your library. Probably the order in which you would 
choose to keep such a file stored would be alphabetical 
by the author field (which would be the key fie/d for the 
file), but of Course you could store it in any order you 
wish. The order you decide to use is important though, 

since you don’t want to have to sort the file each time you 
use it. 
Once you set up your library file, you'll want programs 

to add books or delete books and possibly to allow you to 
modify a record, although you could get by with deleting, 
then adding, to modify. You'll want the capability to print, 
say, all titles by one author, or by one publisher, or all 
hardbound books, or all books published in 1974. 

Two Transports 

If you’re using tape, you'll need two transports to be 
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able to keep the file in order, when you add or delete 
records. To do that, you’d write a program to take all the 
additions or deletions, sort them and keep them in 

memory. Then your program would read from one tape, 
writing records out to the other tape until it reaches the 
point for an add or delete. It would do the add or delete 

and then keep on reading/writing until the entire file had 
been processed. 

You may have noticed that a lot of space is being 
wasted in our sample file. There is only a small number of 
different publishers, yet that information is repeated in 
every record. Very wasteful! To save space, we could 
create two files, one file consisting of a modification of 
the records we already have, with the publisher informa- 
tion replaced with a code: 

| autwon | TITLE P-CODE | BINDING | PAGES | PRICE | DATE 

and another file containing the publisher information: 

P-cooe | PUBLISHER | ADDRESS 

These two files could be used in this way. Put the 
Publisher file first on the tape, followed by the Library file. 
As the first step in using the Library file, read the 
Publisher file into the memory since it is relatively small. 
Now, as records are read from the Library file, the 

publisher code can be matched up with one in the 
Publisher file and the information in the record in the 
Publisher file used to print the book listing. This look-up 
will be fast since it is done in memory. The small amount 
of extra processing time used is well justified by the 
savings in file space. This same principle can be applied 
whenever a field contains often-repeated information. Of 
course the information must be longer than the code 
used to replace it. It wouldn’t pay to do this with the date 
field, for instance. 

Tight Space 

If you’re real hard-up for space, the leading “1” need 
not actually be stored in the date field. Similarly, don’t 
store a “$” or even the decimal point in the price field. 
Have the program add them when it adds the publisher 
information to the book listing being printed. You can 
save even more bytes by storing the price and date in 
binary and converting. But don’t get carried away if you 
don’t need to save the space. 

All well and good, but what if you have collections, 
such as science-fiction anthologies, and want to be able 



to find authors and titles of stories in the collections? You 
could do about the same thing we did with publisher 
information. Add a code to the author field: 

| AUTHOR | B-CODE | TITLE | P-CODE | BINDING | PAGES | PRICE [DATE | 

This new code could mean if 0 then the book is not a 
collection, else the code would match up with a set of 
records in a short-story file which would give the 
contents of that collection. 

But that isn’t really what you want. That scheme will let 
you list the contents of a collection, but is of no help in 
finding out if you have in your library a short story that 
Only appears in a collection. What to do? You could, 
instead of having a separate short-story file, include 
these records in the main file. Avoiding redundant 
information, you would now have a file consisting of 
three different types of records: 

TYPE 0 [ autaon | TITLE | TITLE | P-CODE | BINDING PAGES | PRICE | are | 

TYPE 1| B-CODE AUTHOR | TITLE P-CODE | BINDING | 

TYPE 2 | B-CODE | AUTHOR | TITLE 

A type 0 record would be a normal book. A type 1 
record would be a collection and such a record would 
contain an additional field with a book code, which would 
match a book code in type 2 records containing the 
authors and titles of the short stories in the collection. To 
make this file easily usable with a sequential storage 
medium, you’d probably want to group all the records 
together by types (almost, in effect, giving three files), in 
alphabetical order by author within type. 
Now if you want to see if K is in your library, the 

program would look for a record of any type with K in the 
author field. If the record(s) found with K are of type 2, 
then the program would also look for a type 1 record with 
matching b-code and tell you what collection the story by 

K appears in. If you think that this kind of thing could take 
a very long time on a cassette, you’re perfectly correct. 

But what’s your hurry? 

Faster, Faster 

Well, maybe you’re writing this system for the school 
library and you have a legitimate reason for wanting the 
search for a book to take less than half an hour. Hopefully 
you can get a disk or two, because you’ve exceeded the 
capabilities of a sequential-file structure. The rest of the 
structures we're going to discuss require random-access 
devices. 

The drawbacks to the plain old sequential file are 
obvious. If you’re on Heinlein, you know that Vonnegut is 
somewhere further on and that you’ve passed Ellison. 
Vonnegut you'll eventually come to, but Ellison can only 
be reached by going back to the beginning and starting 
over again. An unhandy state of affairs if speed is of any 
importance at all. 

Index 

So, enter the next bright idea in file structures, the 

index. Although the combination of indexes and sequen- 
tial files will not, as IBM once tried to convince the world, 

solve all problems, it does help a little. Imagine a 
dictionary with no way of telling where each letter begins 
and you'll quickly appreciate the utility of an index. The 
idea is the same with a file. You have the master file and 
an index file which contains the information on where 

certain categories begin in the master file. This could be 
in terms of record number, memory address, disk sector, 
or (shudder) tape block. Now if you want to find Heinlein, 
the program looks in the index file and goes right to the 
beginning of the H’s. This is of limited use on tape, since 
you still have to move all that tape past the read head 
slowly enough to count blocks. 

With our example, you could also have an index to help 
find the groups of short-story records and even the 
records for the collections themselves. So your program 
could go right to the record or group of records. A 
diagram for such a file system might look like this: 

Alphabetical Index 

[a | LOCATION 

LOCATION 

Short Story / Collections Index 

| B-CODE | LOCATIONS OF SHORT STORY RECORDS | LOCATION OF COLLECTION RECORD 

| B-CODE | LOCATIONS OF SHORT STORY RECORDS | LOCATION OF COLLECTION RECORE: 
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Library Master File 

TYPE 0 | AUTHOR | TITLE | P-CODE | BINDING | PAGES | PRICE [ore | 

Tyee 1] B.cooe | auTHOR | TITLE | P-cone | einoiNG | PAGES | PRICE parte| 

TYPE 2 | B-CODE | AUTHOR | TITLE 

Publisher File 

| P-cone | PUBLISHER | ADDRESS 

Once you've figured out that conglomeration, you'll see 
that it saves a lot of work, at the expense of a little storage 
space. Using the indexes may speed things up, but a lot 
of sequential processing is still required, and the records 
within groups must still be kept in alphabetical order, 

‘thus requiring a lot of insert overhead. (Deletes are 
simple. Just adopt the convention that a type 3 record 
isn’t there and so mark “deleted” records, every onceina 
while collecting the garbage and squishing things 
together.) Also, there are a couple of little bugs in that file 
system and a very high maintenance cost associated with 
updating all those index records if any of the Master file 
records are moved, as they will be each time an insert is 
performed. 

Jt is possible to get away entirely from any reliance on 
sequential ordering, at the expense of a little more 
storage and a little more processing time. But processing 
time is cheap and maintaining a sequential file is a 
nightmare when you don’t have much memory. So let’s 
move on into the realm of list structures, linked lists, 
rings, trees, hierarchical files and such things. You ain't 
seen nothing yet! @ 



LOY 
Gregory Yob* 

PILOT is a dialog-oriented interactive language for 

use by teachers and students on small systems. Its 

simple syntax and free format encourage innovation 

and use by those frightened by computers or who lack 

time to learn amore complex language. 

PILOT—A TOOL TEACHERS CAN USE 
One of the hidden factors in introducing new tech- 

nology to the classroom is its demands upon the 

teachers. A teacher’s time is quite limited as it is (with 

state requirements, meetings, etc.) and any new tech- 

nology or methods should increase the net time for 

teaching. 

Bringing the computer to the classroom usually com- 

plicates matters. A typical CAI system forces the 

teacher either to learn a complex language or a fixed 

and complex curriculum package. In both cases, the 

time required for skillful use of the computer is usually 

too great for effective utilization. 

The usual result is that skilled programmers prepare 

vast and inflexible curricula which are then given to the 

teacher. This is horribly expensive and inefficient. What 

is needed is a means of generating materials immed- 

iately, quickly and simply for the day-to-day require- 

ments of the teacher. The tool must appear “natural”; 

that is, it must look like natural-language dialogues; it 

must allow for variations of style, nuance and tempo; it 

must appear riduculously simple; that is, be “‘learn- 

able” in less than an hour. It must avoid the computer- 

istic scientific bias which separates the math/sciences 

from the English/humanities areas of teaching. 
The PILOT language is the beginning of such a tool. 

Its basic four functions (T: to type text; A: to receive an 

answer; M: match keyword; J: jump) can be taught to 

nearly anybody in ¥2 hour. this includes persons who 

just won’t (can’t) understand math and stuff like that. 

*Gregory Yob is an author of several versions of PILOT and has 
participated in the definition of the language. He currently co- 
ordinates the PILOT Information Exchange, a national user’s 
group for PILOT. Other areas of interest include computer 
games and working with neighborhood computer centers. 
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PILOT programs are written as simulated dialogues 

in English (or Spanish or... .) and can be entered and ex- 

ecuted quickly. Brief programs for special purposes are 

easy to do and since the teacher is doing it, not the cur- 

riculum designer, the program is just as easily changed 

or discarded. 

The dialog format of PILOT also allows immediate 

understanding of PILOT programs, making them highly 

exchangeable with other teachers, and encouraging the 

dissemination of good ideas. This is in contrast to most 

other computer languages, which require a detailed 

description of the program as well as the code. 

These features make PILOT a viable and non-time- 

consuming tool for teachers using computers in 

education. 

HISTORY OF PILOT 

PILOT was developed in 1969 at the University of 

California Medical Center by John Starkweather to 

meet some instructional needs. It was used to train 

students in pharmacology and later in an elementary 

school in Marin county. Stanford Research Institute 

used PILOT in an experimental educational research 

project (with very good results) and later developed a 

dialect, Called PYLON, which was a very simplified ver- 

sion. In 1971 and 1972, other variants of PYLON were 

developed by Stanford University, The California State 

College computer network and Lawrence Hall of 

Science at the University of California, Berkeley. A 

small version of PILOT was made by John Starkweather 

for stand-alone operation on the Datapoint 2200. 

In January, 1973, the varied users of PILOT and 

PYLON met to standardize the language. A standard 

“core” version was agreed upon, called PILOT 73. The 

“core” version includes standards for extension as 

each user is free to make his PILOT more powerful for 
his system. 

Currently, PILOT is implemented in about a dozen 

languages on 20 or so systems. There are 25-30 sites ac- 

tively using PILOT nationally at present. A user’s group, 

called “The PILOT Information Exchange,” dissem- 



inates information and initiates contact among those 

interested in this language. 

THE RELATIONS OF PILOT TO OTHER LANGUAGES 
The thrust of computers in education seems to be 

mostly in these areas: First, courses designed to teach 

about computers, how they function, and how to pro- 

gram them. Second, using the computer to pass cur- 

ricula or other study materials to the student. Third, ac- 

tively involving the students in using the computer to 

solve problems in their course of study. fourth, allow- 

ing students to use the computer for their own expres- 

sion, self-integration and growth. 

Each of these areas have languages associated with 

them. FORTRAN, assembly language, COBOL and 

BASIC are taught with courses concerned with how to 
use and understand the computer. COURSEWRITER, 

LYDIA, TUTOR and PILOT are used to pass courses of 

study. Most problem-solving is done in BASIC with 

small efforts in FORTRAN, LOGO, and SMALLTALK. 

PILOT and LOGO are often used for self-expression and 

growth. 

That’s how PILOT fits into the general picture. A 
closer look at four languages will give a sharper focus: 

COURSEWRITER is designed for presenting course 

material to a student. The teacher, or more often, the 

curriculum developer, is expected to write series of 

lessons, tests of the student’s progress, etc. The stu- 

dent is exposed to the material being taught, and NOT 

the language. Unfortunately, (if you ignore the 
salesmen), COURSEWRITER is too complex and inflexi- 

ble for most teachers to use effectively, which leaves 

the development of materials in the hands of special- 

ists. AS teachers are unable to provide feedback, the 

proffered courseware packages lack vitality and are 

often little more than mechanized textbooks. 
BASIC is in essence FORTRAN with a lot of garbage 

removed. Its ready availability on small systems 

(especially timesharing systems) makes it quite popular 

for math and science teachers. The student learns 

BASIC as a tool for solving numerical problems posed 
in his courses. However, BASIC is very weak with 

strings and words. The humanities staff has never 

heard of BASIC and even BASIC’s relatively simple syn- 

tax is too difficult for the word- and English-oriented 
person. The result is that BASIC users tend to be in the 

scientific and technical disciplines. 

LOGO (like BASIC vs FORTRAN) is a simplified varia- 

tion of LISP with control of devices other than the Tele- 
type—such as the “Turtle,” a plotter-robot or “Music 

box,’”’ a tone generator. LOGO is self-extensive and 

capable of handling lists and recursive function calls. 
LOGO is excellent for problems concerning the order 

and arrangements of things—procedures rather than 

calculations. At present there are few users of LOGO 

and they are mainly math- and computer-oriented. 

PILOT is a dialog-oriented language which deals 

mainly with words and text, The syntax is extremely 
simple, allowing teachers and students to learn it readi- 

ly. Because much educational material is essentially in 
English, non-mathematical users find PILOT a flexible 
tool for presenting materials via the computer. PILOT 

lacks arbitrary conventions such as “Frames” (viz IDF)* 

and counters on every answer by the student which are 

often unnecessary and hamper the style of the program 

author. 
It is clear that PILOT will not and is not intended to 

replace the other languages used in educational appli- 

cations. It fills a complimentary place among dialog, 

numerical, procedural, and curricular languages. 

THE PILOT LANGUAGE 
Now for the part you have all been waiting for—what 

does PILOT look like? Here is a very brief introduction 

to PILOT. Contact the Exchange for a more detailed 

description. This program almost teaches you the 

language—see if you can figure it out first. 
T:Hi there. Is this your first time on a computer? 

A: 

M:yes,sure,ok,yeah 

TY:| hope you will enjoy your experience with me. 

T:In the area of education, what are your main in- 

:‘terests? 
“MORE A: 

M:teach,instr,leam,material 

JY:* TEACHING 
M:admin,program,test,grad,analys,course,curr 

JY: OTHER 
T:Please tell me more about this. 

JN:*MORE 
“TEACHING T:An excellent way of using computers for 

teaching and learning 

sis to give children an opportunity to write their 

:own programs. 
:How does this strike you? 
A: 

M:good,excel,fine,yes,important 

TN:| see that you disagree. Will you explain fur- 
‘ther? 

Jvc YES 
A: 

*YES T: Of course the teacher should write programs 
too. However, 

:it isn’t always necessary to use ‘‘packaged cur- 
:ricula”’ for effective use of 
:the computer in learning situations. 
Ee 

“OTHER T: Are you interested in the computer’s ap- 
plication to teaching? 

A: 

M:no,never 

JN:* TEACHING 

T:Then perhaps PILOT is not for you. PILOT’s in- 
:tention is for its use by teachers 

:and children for interactive dialogues. Thank you 
for your time and interest. 
Es 

A look at this program shows four basic kinds of 
statements: 

T: This means to type out the text following the 
colon (:). 

A: Here the computer stops and awaits a reply by 
the user. Answers may be saved for later use in 
T: statements by following with a $-variable. 
Here is an example: 
T:Who are you? 

*Hewlett-Packard’s CAI “language.” 
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A: $NAME 

T:OK, $NAME, | have a puzzle for you. 

The last reply is examined for the keywords in 

the list following the colon. If there is a 
“Match,” any statements with the Y (like TY:) 

will be executed. In the case of no match, the 

N-suffixed statements execute. 

J. Jumps to any part of a program are possible. 

Branching is essential for differing presenta- 

tions according to answers given. The *label is 

a tag indicating where to go. JY and JN are 

often used to vary branching on replies. 

Successive applications of the M: can perform pre- 

cise analysis of an answer. M: also allows the search of 

words, suffixes, prefixes and text fragments by allow- 

ing the blank as a legal match character. 

Once aM: is executed, the yes or no (Y or N) is effec- 

live for any statements with the respective suffixes. 

Statements lacking Y or N will always execute. 
The ability to save answers allows the simulation of 

intimacy and personality by careful use of echoing. 

Amusing stories, poetry, etc. are possible in this man- 

ner. The personal-seeming responses are very impor- 

tant for the captivation of interest. 

Some more advanced statement types are: 

R: Remarks for documentation 
C: Perform computation (usually in host lan- 

guage, like BASIC) 

U. Call asubroutine tagged by a *label 

E: Return from a subroutine or program end. 

A:#letter Allows numerical variables which can 

be modified in C: and presented in T: ina man- 

ner similar to $variables. 

PILOT has protocols for extensions peculiar to the 

system it is running on. For example, a useful exten- 

sion may be: 

SCREEN:UP 5 
This would move the cursor up five lines on an alpha- 

numeric CRT with cursor control characters. 
When PILOT is implemented in a higher level lan- 

guage, such extensions are easily made. 
This extremely simple syntax and consistent form 

lets the program writer concentrate on the quality of 

the dialogue and important branches rather than the 

picky details of syntactic form. PILOT is very rugged 

and can tolerate sloppy code which is encouraging to 

the beginner. Very elegant and complex programs may 

be written if needed. 

GETTING PILOT ON YOUR 
SYSTEM EFFECTIVELY 

Getting PILOT really running on your system requires 
more than the language processor. 

This section describes an ideal which is seldom met 
in practice. The author notes that the successful users 
of PILOT usually do most of the following, sooner or 

later. 

SOFTWARE 
It is an illusion that having PILOT will do it all for you. 

There are systems in which loading a program is harder 
than mastering the language it is written in!! 

PILOT. Obviously you must have some kind of PILOT. 
If you have a choice of versions (as many do), points to 
look at include: speed and response time, use of mass 

storage—efficiency and number of accesses, com- 
pleteness of PILOT 73 (the standard version), the ability 
to tolerate badly written programs or at least to try hard 
at running them, idiot-proofing (no way to crash the pro- 
gram or system, even intentionally), clear concise error 
messages, availability of documentation and technical 

help. 
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EDITOR. Somehow the PILOT programs must get in- 
to the machine, saved and changed. At text editor is 
often used for this, though some versions of PILOT in- 
clude an editor/syntax checker. Beware!! Recently at 
San Francisco State University, the system’s text editor 
was so very complex that the PILOT was never used. 
The problem was cured by writing an editor especially 
for the PILOT. There is no point to a language simpler 
than its editor!! 

The trend in PILOT editors is to emulate the BASIC 
line-by-line editor. This is usually wise, as many PILOT 
users will go on to BASIC or vice versa. The editors 
which use pointers have been hard to teach to children 
using PILOT. The eventual cure is to have a full 
graphics system with joystick or mouse for editing. 
(May the day come soon.) 
TUTORIAL OF PILOT. As PILOT is an instructional 

language, apply recursion and use PILOT to teach 
PILOT to new users. Many new users will prefer to learn 
at the terminal, so writing this package is a good 
checkout of the system and teaches PILOT to that first 
group of users. 

A good tutorial is a system in itself, and these fea- 
tures may be included. (A) Help and summary informa- 
tion. Who to call in distress, A list of editor commands, 
a list of PILOT statements, a list of options within the 
tutorial system. (B) The PILOT tutorial set of programs 
with a reference page or two for the experienced user 
(C) The editor tutorial—don’t forget this one! (D) How to 
use the %¢&&% terminal. 

The seed library can be very helpful in setting the 
style and mood of PILOT’s use. Many teachers will refer 
to the seed programs as models for their teaching work. 
Without this stimulus, the teachers will fall back on 
their preconceptions of computer-based teaching, re- 
sulting in the dull boring drill or curricular approach to 
PILOT. A PILOT user submitted to the Exchange some 
very long programs which were entirely questions and 
multiple-choice answers—having never seen a light, 
fun PILOT program. This point cannot be overstressed. 
Without new models, old ones prevail, despite their in- 
appropriateness for current needs. 

To summarize: the PILOT language, the Editor, the 
PILOT tutorial system, the Seed programs, are all im- 
portant software. 

REQUIRED DOCUMENTATION 
Many of these follow closely the items mentioned in 

the software section. The only effective way to make 
documentation is to insist on it BEFORE anything else. 
Documentation is almost always done after the fact, 
with parts missing and a generally reluctant attitude. 
Good luck!!- 

PILOT LANGUAGE. The usual technical documenta- 
tion is a must if any changes are to be made: the pro- 
gram listing, flowchart, detailed operational descrip- 
tion, file-handling methods, modifications, extensions 
beyond PILOT 73, etc. It must be clear enough so a pro- 
grammer not familiar with the system can make 
changes without rewriting the whole thing. 

EDITOR DOCUMENT. See above and repeat. 
PILOT TUTORIAL. As this is in PILOT, a listing and 

chart indicating the main branches is sufficient. 



USER’S MANUAL. This is perhaps the most impor- 
tant document. A new user should be able to learn 
PILOT with the manual and a terminal. Any good 
manual has these three levels: (1) How to do the 
mechanics, such as logon and type ‘‘return.” (2) How to 
use PILOT and the Editor. (3) Advanced things and neat 
tricks for a user with some experience. 
THE SEED PROGRAMS GUIDE. More than an index, 

this document gives brief summaries of each seed pro- 
gram and its intent. At a later time this simple guide can 
grow into a comprehensive manual of techniques for 
teachers. An accompanying document provides the 
listings. 

IMPORTANT PEOPLE 
The people involved in your PILOT project are very 

important for its growth. Here are a few roles—usually 
different persons fill each one as the styles differ in 
each case: 
THE PROGRAMMER. This fellow (person) gets the 

PILOT language, the editor and some other software 
running. He knows all its quirks and is the sole source 
of help when it’s bug-fixing or upgrade time. 
THE WRITER. He/she writes the manual and other 

documentation for users. This person does not care 
much for the details of the system...just how it can be 
used. The motivation is to give a clear, simple presenta- 
tion to the user. 
THE TEACHER OF TEACHERS. Here the motivation 

is towards teaching instructors how to use PILOT for 
their applications. This person MUST appreciate the 
biases and viewpoints of the naive beginner. Especialiy 
those about the computer—how it is impersonal, etc. 
Patience and a winning personality are crucial for this 
role. 
THE COLLECTOR. This person is interested in find- 

ing and making available interesting PILOT programs, 
manuals, etc. He will grow a system library of PILOT 
programs and improve the collection of seed programs. 
Good taste and a librarian’s sense are important here. 

The last three roles are often ignored by the program- 
mer or else the computer-center staff thinks it can do it 
effectively. This is rarely the case and the staff should 
welcome those who do become attached to these 
roles. 

Too often good systems are represented by those 
who have little conception of the human needs of the 
users. PILOT really requires the right people for innova- 
tion and active usage. You can easily imagine the alter- 
native. 

OTHER RESOURCES 
To paraphrase—good systems do not grow alone. A 

local user’s group should meet from time to time for 
sharing and management of the PILOT system. Contact 
with other installations greatly increases scope and fer- 
tility. In summary, you need more than the processor 
for smooth and rapid implementation of PILOT on your 
system. Take heed. 

ACCESS TO INFORMATION 
At present there is very little in print regarding PILOT. 

The PILOT Information Exchange has a newsletter with 
indexes to implementations, users, seed programs, 
manuals, technical specifications and applications ar- 
ticles, and a library of unpublished PILOT materials. 
PILOT materials are available for the cost of copying. 
(The PILOT Information Exchange, c/o Loop Center, 
8099 La Plaza, Cotatl, Calif. 45628.) 
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SOME VIEWPOINTS TOWARDS 
PILOT 

OVERCOMING FEAR OF COMPUTERS 
The public’s image of the computer is highly 

negative: computers are tireless malevolent malicious 
beings whose intent is to build a sterile anti-human 
world. Humans are to be manipulated, bent, folded and 
spindled to the arbitrary whims of the machine-god, ac- 

cording to this view. 
The fault, of course, lies not in the machinery but in 

the programming and the institutions which use com- 
puters. It is always “computer errors” or “go see the 
computer” rather than specific human beings. 

In the LOOP center, a storefront computer center 
open to the public, some common reactions are: “Com- 
puters intrigue me, but | am afraid of them.” ‘Can | ask 
the computer questions and get answers about any- 
thing?” To overcome these biases requires both pa- 
tient and human-oriented people to tend the initial 
man-machine interaction between the shy user and the 
computer. Also vitally important is the software’s 
capacity to respond lightly and humorously and 
“humanly” rather than mechanically. 
Human beings usually communicate via dialogues 

made of words. Most computer languages are ill- 
equipped to handle words. 

PILOT is a simple language which is entirely word 
and dialog-oriented. It is far easier to write a simulated 
dialog in PILOT than in other languages. This includes 
languages such as COURSEWRITER, which are de- 
signed for educational uses. 

PILOT has several features which aid the creation of 
dialogs. It has a minimum of the syntax that confuses 
the word-oriented human program writer. PILOT has a 
powerful word-matching function which identifies like- 
ly keywords in anticipated responses. Another feature 
is the capacity to echo selected responses at later 
points in a dialog. This simple feature vastly per- 
sonalizes and increases the intimacy of a dialog. (For 
example, the reply to ‘‘What’s your name?” can appear 
elsewhere.) 

Overcoming the public’s fear of computers will take a 
long time. Individually responsive dialogs such as 
those possible with PILOT will help. 

WHY KIDS SHOULD WRITE IN PILOT—A HIDDEN 
RESOURCE 

The standard educational computer system has only 
two goals. One, teach the material; two, watch the 
students. The approach definitely limits the student’s 
role to the traditional one of a semi-sentinent sponge. 

Yet—let the student actually program the machine, 
and WATCH OUT!!! If it is a BASIC system, half a dozen 
games will suddenly sprout and get intensive use. (Has 
anyone noticed that these games never seem to fill any 
particular educational need, yet use sophisticated con- 
cepts for irrelevant purposes?? A statement of educa- 
tional value.) 

PILOT is especially designed for student use. 
PILOT’s simple form is easily learned by 10-year-olds. 
Kids will be writing short programs in a day or two—the 
wise teacher can use this property to great benefit. 
Here is a short guide: 

Traditionally, the purpose of the essay question in 
tests is to see if the student can express his knowledge 
clearly and concisely. If he can, it’s a good assumption 
he knows not only the material but also how it is 
organized. This principle can obviously be extended to 
the creation of aclear teaching program to iilustrate the 
points of understanding. 



BE CAREFUL OF RFI AND 
TVI FROM YOUR CPU 

The title might sound like a mouthful of buzzwords but 
your neighbors will be calling you other words if you're not 

careful of this problem. Namely, that some of the ‘“‘naked” 
(one board, no cabinet) microcomputers and even the ones 

in cabinets when the cover is off put out some interference 
signals in many frequency ranges. The reason for this is 
that the digital signals are, of course, square wave pulses 

occurring at different cycle rates. Furthermore, a square 
wave can be thought of as a summation of harmonically- 
related sine waves, the high-order harmonics of which can 
cause RFI and TVI. 

Several solutions suggest themselves. 1) Use your 
system in a cabinet whenever possible. If yours is a one 
board system, mount it in a metal chassis. 2) Construct a 

shield out of extremely fine screening (coarse screening 
provides little or no protection). 3) Use a large filter on the 
AC line. 

TEN WAYS TO SPOTA 
COMPUTER EXPERT 

by 
Chuck McMichael 

158 Freeport Rd. 
Butler, Pa. 16001 

1) Does he talk a lot about hardware 
without being able to tell the difference 

between a gasket and a hexagonal lug 
nut? 

2) Does he often use the word “batch,” 
while failing to follow it with the phrase 
“of cookies’’? 

3) Does he claim to know several 
languages, none of which are taught by 
the Berlitz School of Home Instruction? 

4) Does he often use the expression 
garbage in—garbage out, even whenhe's 
not eating at the cafeteria? 

5) When playing cards, does he turn 

pale and shudder each time someone 

says ‘shuffle the deck’’? 
6) a)Does he print a lot, using capital 

letters? 
b)Does he spell funny, taking 

words like ‘‘cat’’ and “‘square root” and 
making them into ‘KAT’ and ‘‘SQRT’’? 

7) When asked to name his favorite 
program, does he choose RANDU instead 

of Happy Days? 
8) While making Christmas wreaths 

out of computer cards, does he stop to 

read what they say? 
9) If youtell him you've ruptured a disk, 

does he ask what was stored on it? 
10) Does he say ‘‘line’’ or ‘‘queue’’? 

Whereas most people say ‘‘line,”” an 
expert will say ‘‘queue”’; you can take this 

as a cue that computers are his line. 
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It is easy to take advantage of this ideain PILOT. Give 
a few example programs which clearly teach a simple 
idea and set the students to writing little PILOT tutor- 
ials on whatever subjects. Some of the programs will be 
good and a few excellent. Let the entire class interact 
with these. The students will share each others pro- 

- grams with mutual critiques and a synergistic learning 
process starts. In this way, a teacher’s role changes 
from materials spoon-feeder to that of mentor. 

A subtlety of this method is the language, style and 
tempo of the student-created material will often com- 
municate a subject more effectively than one written by 
adults. Children of different ages use language dif- 
ferently and this will be reflected in the programs. Also, 
ethnic differences can be taken into account. 

You may note that this is heresy: students can be an 
educational resource of enormous value. PILOT is one 
of the few languages which can tap this resource. 

THE ROLE OF FLUIDITY, MUTABILITY AND CHANGE 
All too often the computer destined for education 

gets waylaid by the idea that “Once we have it pro- 
grammed right, it will teach all the courses for us.” The 
whole notion is that an initial large-scale investment of 
time and money will yield lasting long-term savings. 

The catch to all this, of course, lies in the time re- 
quired to get that first system completed. Inevitably it 
is in the range of several months to a few years, and 
somehow, the system never is really ready. Amoment’s 
thought will show why. First, the external require- 
ments, such as state rules, budget changes, staff 
changes and so forth, change during the _ initial 
period—usually forcing corresponding changes in the 
computer-based curriculum under development. Also, 
the teachers and courseware authors are making im- 
provements (?) to their product. 

PILOT offers a different approach to this problem. 
Why have a large system of courses built by a few ex- 
perts to fill every need? It can’t be done and costs too 
much. There are more educational computers running 
BASIC than there are running large CAI systems.... As 
with BASIC, PILOT programs may have a very short life- 
time (such as hours or days) and yet can be extremely 
useful in teaching. 

Programs with a short lifetime encourage experimen- 
tation and novel approaches. If it doesn’t work, throw it 
away and try something new. If it does work, improve it 
or save it for later. Most important, the teacher and 
students can make these choices without fear of a 
negative evaluation from higher authority. No cur- 
riculum committees and month-to month haggling is 
required before a new idea can be tried. 

Ephemeral PILOT programs are also light in tone and 
mood—that is, they aren’t “serious” or necessarily 
yoked to some vast task. Any creative student knows 
the importance of lightness and triviality in true 
teaching. 

SUMMARY 
| hope these remarks have given you a taste of 

PILOT’s flavor and usage in an educational context. 
PILOT fills an important space in the area of word- 
oriented, student-authored programs. It is intended as a 
classroom tool for teachers not especially oriented 
toward computers and is not specifically aimed at 
curriculum-makers. PILOT’s simplicity is a great aid for 
the computer-reluctant or time-short person. The four 
mnemonic instructions, TAMJ, allow effective pro- 
grams to be written immediately. @ 
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The author, a student at MIT, says he 
wanted to cover the ‘’flavor’’ of the 

language, 
manual. 

not write a reference 

A TasteofAPL 
Craig A. Finseth* 

APL. What are those three letters that keep coming 
up, whispered in terminal rooms, barely audible under 
the sound of the Teletypes? Why do these letters keep 
coming up, even after they have been quashed for the 
nth time? And what could be in a language that would 
turn an otherwise ordinary programmer into something 
that has forgotten what a DIM statement is and doesn’t 
even look at programs over ten lines iong? 

Let’s start with its history, brief as it is. In the early 
1960s, Dr. Kenneth E. Iverson published a book called 
A Programming Language (Wiley). This book described a 
new type of mathematical notation that would be self- 
consistent, in that instead of the current system in 
which different functions obey different syntactic rules 
(for example, 3x4 vs. tan 56) there would be one 
uniform rule. Each operation has its own character and 
appears as operator-argument or argument-operator- 
argument, depending upon whether it takés one or two 
arguments. (Subtraction takes two arguments while ab- 
solute value only needs one.) One character can have 
two different meanings depending upon cantext. Any- 
way, there it sat for awhile, until IBM came into the pic- 
ture. It seems that they had put a computer into a re- 
search lab and it wasn’t being used. They implemented 
a modified version of Iverson’s notation and usage 
went up tremendously. In the first year, over 100,000 ter- 
minal hours were logged. The language eventually be- 
eame APL\360 and APL has been expanding slowly 
ever since. 

In APL, the workspace contains all function defini- 
tions, variable values, and anything else needed in 
order to run your programs. All of APL’s built-in func- 
tions (usually called operators) are represented by 
single characters; user-defined functions have names 

just like variables. Anything that you type in is im- 
mediately evaluated from right to left. This means that 
running a program is actually just calling a function. 

But enough talking for now! Let’s go through a ter- 
minal session and see some of the details. 
We want to start with a clear workspace (sort of eras- 

ing the blackboard), so we type in this: 

)CLEAR 

CLEAR WS 

(Your input is automatically indented six spaces by 
APL in order to distinguish it from the output). The “‘)” 
just means that it is a system command. Now, to find 
out what 3 x 4 is: 

*916 Ebony Ave., Duluth, MN.55811 
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3x4 
12 

As was mentioned, APL evaluates anything that you 
type in. To store the result and not print it, enter: 

A<«3x*4 

The variable A should have the value 12. To print the 

value, just enter its name. 

12 

At this point, it is worthwhile to note that APL uses 
“x” for multiplication and ‘“+” for division; ‘*” 
signifies exponentiation and “‘/” will be explained later. 

In APL you can assign an array of numbers to a single 
variable. The numbers are separated by spaces. For 
example: 

ASI. -2—:3 10. .dimeo 

A 

te om Orch 

assigns the vector 1,2,3,6,7,9 to A. Now, whenever we 
refer to A, we are simultaneously referring to all of its 
elements. You can also get any individual element or 
group of elements by indexing. 

AC4] 
Os, 

Alas sts 15) 

4 Gren 
For arrays of higher dimension, the indices are sepa- 

rated by semicolons. Unlike BASIC or FORTRAN, ar- 
rays are completely dynamic and can change in size or 
number of dimensions at any time. A way of creating ar- 
rays of higher dimension will be covered later. There is 
also the special case of a null array—a sort of represen- 
tation of nothing. Just like the invention of zero, the 
null array has proven very useful. Now, since we won’t 
be using A anymore, let’s get rid of it. 

)ERASE A 

And it is no more. Now, we shall define a function to 
generate all primes less than a given number. We will 
use the sieve of Eratosthenes to take all numbers less 
than n and drop the non-primes by checking for divisi- 
bility by the integers less than the square root of n. To 
Start with, we specify a header giving a name and other 
information for the function. 



VR<PRIME B 

Ler) 

The triangular character, called a del, tells APL that 
we want to open function definition. The variable R will 
be assigned the result, and the variable B is the one 
argument. APL responds by giving us a line number, in- 
viting us to continue. We will start by giving | the value 
of 1.1 will be our current divisor. 

pence 
27) 

And APL prompts us with another line number. Now, 
we assign R the vector from 2 to B. This means that R 
has the value of 2,3,4,5...B. The thing that looks like a 
mangled 2 is called iota and means to start with 1 and 
generate a vector of all the integers until you get to the 
number on the right. The down-arrow means drop. In 
this case, it drops 1 element (the first) from the vector 
on the right. (For explanation purposes, we will look at 
the case where B is 9—keep in mind that B is a 
variable.) 

<i+iB 

3a 

Note that we already know that one is defined as not 
prime. Remember that APL executes from right to left. 
Also, there is no heirarchy of operators, so that opera- 
tions are done in the order they are encountered, ex- 
cept when they are within parentheses. Thus, in the ex- 
ample: 

5x7-34445 
33.33333333 

APL add 4 and 5, divides 3 by this sum, subtracts this 
from 7, and multiplies by 5. To do this in BASIC or FOR- 
TRAN, you would have to do this: 

5*(7 — 3/(4 + 5)) (not APL notation) 
You might ask: why should APL do this differently 

than other languages? APL has many more operators 
than BASIC or FORTRAN, which only have five (+, —, 
*,/, **). This creates the problem of deciding which to 
do first. (Do you do factorials before or after arcsin?) 
Iverson solved this problem by deciding that APL should 
have noheirachy. 

Let’s continue with ourfunction. 

LOOP. Re((P=R)20=(1<l+1) |h)/8 

C4] 
No, don’t go away, this mess has meaning. We'll start 

on the inside parentheses, keeping in mind that the /R 
is “hung,” waiting for the stuff inside the parentheses 
to finish. 

(I<i+1) 

This just increments | by 1. 

(I<Z+1)|P 

The vertical bar means, for positive arguments, the 
remainder of an integer division of the left argument in- 
to the right. Some examples: 

yy ps2 

B16 
9) 

It should be pointed out that if you have a single 

number on one side of an operator, and an array on the 
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[3] 

other, the scalar will be expanded to match the array in 
size. Thus, the scalar | and the vector R can be pro- 
cessed by the vertical bar. 

In APL the six relational operators produce results 
based on the truth of the relation, where one stands for 
true and zero for false. So 3=4 would produce zero 
‘while 5=5 would produce a one. Combining this with 
scalar extension makes sense out of the “O=(l.... 
Whenever the result of the vertical bar is not zero, the 
result of the equals operator is zero and whenever the 
result of the vertical bar is zero, the result of the equals 
is one. The net effect is to produce a zero whenever | 
divides evenly into a given element of R, otherwise a 
one. 

We have to be sure that an element is not lost be- 
cause | is equal to it. So we have the |=R set a one 
where | is equal to a given element of R; everything else 
is zero. The greater-than-or-equal-to sets every element 
in the result to one, except where I#R and the vertical 
bar has a zero remainder. The following diagram shows 
the intermediate results (each starts below the operator 
that generates it, with the lower levels being generated 
later). 

((T=R)20=(I<L+1)|2) 
2 EIS are | es) 

Oo <I 

4 
Pe ek VARIABLE 

Pa OF 00k Ol) ee ee 
deed, On stoeOe fice ue: 

Now, after all that, we have a vector of zeros and 
ones—why do we want it? Well, remember the /R on the 
end? The whole line is: 

LOOP: R<«((T=R)202=(L<I+1) (RR 

At last, the explanation of /. Let’s say that we have 10 
1/3 4 5. This will result in 3 5. Wherever there was a one, 
the element is kept and if it was zero, the element is 
dropped. Thus, our11010101/23456/7 89 results in 
235 7 9—the multiples of two have been dropped com- 
pletely! This result vector is assigned into R and the 
statement is finished. (LOOP is a statement label, a var- 
iable that contains the statement number of the line 
that it is on (i.e., 3).) 
Now, for the last line. 

>+LOOP If I<Bx0-5 

Sl Vv 
This goes to the line number given by LOOP if | is 

less than the square root of B. Line five has a del in 
order to close function definition. 

Let’s execute the function and see what happens. 

ANSWER«PRIME 9 

SYNTAX ERROR 
PRIHECH4 I SDOOP Ll Th kOe 

A 

What happened? We made a mistake. APL printed 
the message, the errant line, and a carat pointing to 
where it blew up. It turns out that we forgot to define a 
function IF. Keep in mind that only operators are prede- 
fined. In general, if it has a name we have to define it 
ourselves. So: 

VR<«A IT B 

[ai] R<«B/A 
[24 Vv 



In this function, R will be assigned the value of A if B 
is true (one) or else null (here’s one of its many uses). It 
can get the null value because that’s what’s left if you 
remove everything from A via the ‘‘/’”” by having a false 
(zero) value for B. 

APL keeps each function separate, so all line num- 
berings begin with 1,2,3... Now, we can pick up where 
we left off by doing: 

>4 

in which APL goes to line 4 of the most recently sus- 
pended function. (Most often, functions are suspended 
by errors.) Since there is only one suspended function, 
APL goes to line 4 of PRIME. 

Now, it just prints a linefeed. To find the answer 
enter: 

ANSWER 

D5 akan 

One of the nice things about APL is that if you wish 
to do something that is not a defined operator, or just 
do something in a different way, you can define a func- 
tion to do it. Also, by writing the proper functions, you 
can readily model almost any other language in APL. 

One final note about the right-arrow. It causes APL to 
go to the indicated line number. If the line is not there 
(say, line zero) the function will stop. If it is a null value, 
APL just goes on to the next line. 
We mentioned that APL can handle arrays of any di- 

mension, but was not said how to create them. To gen- 
erate a 2-by-3 array of zeros you do this: 

A_MATRIX<2 390 00000 
or 

AWA PIX<2. 3p0 

(Remember scalar extention). Now the variable A 
MATRIX has a shape of 2 x 3). This means that it has 
two rows and three columns. 

A_MATRIX 

oo ome) ome) 

pA_MATRIX 

Shades: 

Using just one argument with that funny-looking p 
(called rho) gives the shape (the length of each dimen- 
sion) as aresult. 
Suppose that you want to find the location of a value 

in a vector. For variety, we’ll use characters, which are 
treated just like numbers and stored one character per 
element. Anyhow, we want to use the two-argument 
form of iota. 

VABECD MYC: 

8) 

‘C’ is, of course, the third element in ‘ABCD’ 
APL can also meld two items into one. For this, the 

concatenate operator (comma) is used. 

Pitore2 SpVABCDLIE' 

SECOND<2 4p'GHIJKLMN' 

FIRST 

ABC 
DEF 
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SECOND 

CHD) 
KLMN 

BOTIH+FIRST, SECOND 
BOTH 

ABCGHIS 
DEFKLMN 

eBOTi 
27 
APL can also transpose a matrix (switch its dimen- 

sions) 

ARRAS<-2 op 716 

ARRAY 

TZ 

4 5 6 

pARRAY 

2s 

TRANS<QARRAY 

TRANS 

1 4 

Pas) 

S70 

oTRANS 

Sree 
And, to reverse an array (flip it right-to-left) do: 

REV<OARRAY 

REV 

he ace al 

6 5 4 

pREV 

2678 

You can also rotate an array any amount. 

ROT<1OARRAY 

RO? 

Pao on el 

5 6 4 

Here, ARRAY has been rotated one element to the 

left. It should be noted that APL allows names of al- 
‘most any length. They have been kept short for conve- 
nience. 

There are anumber of functions that will just be men- 
tioned before we move on. APL supports the logarithm 
and exponential functions, trig functions (sine, cosine, 
and tangent) and their inverses, the hyperbolic func- 
tions, pseudo-random number generation, sorting, the 
logical functions (and, or etc.), matrix division, genera- 
lized inner and outer product, generalized summation 
and generalized cumulative sum. Generalized means 
that any function that takes two arguments can be used 
instead of just plus or times. 
Two more things before we move on to input and out- 

put. Negation (—) (the one-argument form) means to 
take what is on the right and change its sign. Negative 
() means that a number is negative. Thus, —3+4 



means ~7 while -3+ 4 means 1. Also, if A is a variable 
then — Ais legal while -A is not. 

APL hastwo operators that handle input and output. 
They are: 

QUAD: [i AND QUOTE-QUAD: ff 

For output, just assign into quad. 

A<3 

DA 
3 

A 

3 
For input, just assign from quad. 

A<{] 

bli 

APL then waits for you to enter any expression. This will 
be evaluated and assigned into A. So we type: 

USED 

A 

iS 

This can cause problems, especially for instructors 
who are writing drill-and-practice programs. When they 
type “WHAT IS 11 x 5?” as the answer. Instead, they 
can use quote-quad for input. Quote-quad just takes the 
input and stores it as characters. A sample line might 
look like this: 

VALU <2 CENPUTe '0123456789')/INPUT<CE 

First, the input characters are stored in INPUT. Then, 
that fishy-looking e (called epsilon) produces a one 
whenever a Character on the left is in the array on the 
right. Thus, only where the student entered a digit will 
there be a one. The slash then deletes everything but 
digit characters. That odd-looking thing, just to the left 
of the “(’’, takes the character vector on the right and 
treats it like an APL expression. This VALUE has the 
numeric value of the character vector, which itself has 
had everything but valid numeric characters deleted. 

One final example, and I'll leave you to your hundred- 
line BASIC programs (you should be able to see by now 
that a little APL can do a lot). 

Let’s define a function CHANGE which will print the 
number of half-dollars, quarters, dimes, nickels, and 
pennies to be returned from a purchase. 

VCHANGE 

E41] Oe a oer oe S11 00.=|" 

ce v 

This function doesn’t return a value or require an ar- 
gument, so all that’s on the header line is its name. The 
one and only line subtracts the input (via the quad) from 
100 and then proceeds to apply the represent operator 
(it looks like a t) to that value. Represent multiplies all 

TT 7) dippy. 
| é ot 

FEL 

eS 

Mg 
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the elements together and sees how many times that 
goes in, then places this in the first element of the 
result. It repeats this with the all-but-first elements, 
then the all-but-first-and-second, etc., storing the quo- 
tients in successive elements of the result. Let’s run an 

_ example. 

CHANGE 

(]; 
Le), 

dee AOE Les Ss 
This says that there is one half-dollar, one quarter, no 

dimes, one nickel, and three pennies in 83¢. 
Let’s see which functions we have defined and list 

them. 

PUSS 
CUAMCT s Lh PRIME 

VCHAHGELD LV 
V IGHANGE 

ety] O72. 275 2 5 Tareas 

V 

RIHELOIV 

WC IEP IEVECIE SUR 18} 

(ies I+1 
[so] R+141B 
C3] LOOP: Re((L=R)20=( lel 41 i Rye 

C4] >LOOP IF I<Bx*0.5 
V 

VIFCO]V 
W) Uaeval IEE! 183 

eck R<B/A 

V 

In summary, APL is a concise, powerful language 
with applications in many areas. It is built upon arrays 
and user-defined functions, thus it is amazingly flexible 
and versatile. 

This is only intended to give the “flavor” of APL. The 
best way to learn the language is to get a manual and sit 
at a terminal, experimenting. 

Funds for examples provided by the Student Informa- 
tion Processing Board of the Massachusetts Institute 
of Technology. B 

10's COMPANY, 
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In the following we intend to discuss the ARTSPEAK 
language, its areas of applications, the required software 
and hardware is then briefly outlined, followed by a 
programming example along with samples of output. This 
article is in no way a tutorial in ARTSPEAK. 

What Is ARTSPEAK? 

ARTSPEAK is a specialized computer language which 
provides ,graphic output. That is, the language has the 
potential and capability, when used properly, to output 
graphs, designs, curves of all kinds and an unlimited 
variety of original artistic drawings, some of them with 
stunning effects. This computer language is unique in that 
it has a limited syntax (grammar) and its statements are 

simple self documenting English statements. The 
language can be taught to adults and children. Artspeak is 
easy to learn and it can be mastered in hours. 

Short History 

In the last decade there was a tremendous increase in 
number of students taking computer courses, In par- 
ticular, at present, there is astrong demand for acomputer 
course on an exposure level like the course titled 
Computers and Society given in many colleges. The 
motivating force responsible for the generated interest 
was the increasing and all pervading influence of the 
digital computer in almost all facets of our life. At the time 
a Child is born he becomes a number in the computer. 
Later, in school and in college, he uses the computer for 
registration, statistics, tuition payments, and even for 
some of his education. Upon entering adult life, his salary, 
federal state and city taxes, his savings and checking 
accounts are all controlled by a computer. When he takes 
a vacation, or he makes an airline reservation or perhaps 
rents a car he is hooked to a computer. Even when he 
enters a hospital he still can not escape the influence of a 
digital computer. In short, the computer found its way into 
business, military, government, educational institutions, 
industry and all other areas of live endeavor. Our society is 
by now so committed and dependent on the computer had 
it stopped, our national economy would cease to function. 

It is generally believed that to learn about computers 
one must interact with them. Interaction means com- 
municating with a computer through a computer 
language. However, programming (writing programs 
using instructions which tell a computer to perform a 
specific task) requires a logical approach and mind, an 
ability to solve problems and at least an appreciation, 
knowledge and in most cases an ability to tackle 
mathematical problems. 

It is an open secret, that a large number of our high 
school and college student population inherited a fear 
towards any subject that has a smell of mathematics to it. 
As a consequence, teaching to students a computer 
language became a difficult and often an impossible job. 

This problem was recognized by Dr. J. T. Schwartz of 
the department of Computer Science at New York 
University. The story so goes, at a lunch one day he 
outlined on the back of a table napkin the elements of a 
new computer language which he called ARTSPEAK. The 
objective was to design a language which was very simple, 
easy to learn, easy to write and understand, with a 
minimum instructions and the output was to be something 
pleasing to the eye. 
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In 1970, Mr. David Benevy, then a graduate student, (and 
now at Tel Aviv University) wrote a compiler for 

ARTSPEAK to be used on a CDC 6600. Shortly thereafter 
the language was improved by several students at New 

York University. Currently the compiler is being modified 
by Dr. Caroline Wardle from the Mathematics department 
Hunter College, New York, for use on an IBM 360/370 

computer. The Artspeak compiler may be obtained by 
writing to the Service Bureau of Control Data Corporation, 
New York City. A manual describing ARTSPEAK, titled 
The Art Of Programming ARTSPEAK by Henry Mullish, 
may be obtained from the Courant Institute of 
Mathematical Sciences, New York University, Washington 
Square, New York City, N.Y. 

Reaction of Users 

Students using ARTSPEAK found that they could write 
programs within an hour of instruction. These programs 
required no artistic skill or great intelligence. The 
graphical output generated a very positive attitude toward 
the computer as well as an appreciation of its poten- 
tialities. As a consequence, many students set upon 
improving and enhancing their programs to an extent that 

some masterpieces were produced, as a result. 
Even children, at two experiments performed at New 

York University, learned very quickly to write computer 
programs using ARTSPEAK. Some of these children 
produced very interesting graphical designs and pieces of 
art. Most of the children said that they thoroughly enjoyed 
their experiences with ARTSPEAK. 

A Programming Example 

ARTSPEAK is not an interactive computer language. 
Generally, writing a program involves punching each 
instruction on a separate card (the language provides 
continuation of an instruction to the next card if it is too 
long.) The general format is similar to the one found in 
FORTRAN. After the cards had been punched they are 
assembled along with some control cards for submission 
to the computer center. To execute a program in 
ARTSPEAK the computer center must use a CDC 6600, an 
ARTSPEAK compiler, a card reader, disk, console 
terminal, printer and a plotter. After the program had been 
executed it is returned to the programmer along with a 
10"x10"” output sheet. The output includes a program 
listing and some output (if the ART SPEAK compiler found 
no violation of the language). The programmer, then 

examines his output if he is not satisfied or he wants to 
improve his program or experiment with it, he might make 

changes. Usually, these changes would involve addition 
or deletion of one or more statements. These statements 
are punched on a keypunch machine and the program is 
resubmitted for execution. 

All drawings in ARTSPEAK, that is, the output, use 
paper 10”x10” in size. A programming aid called Artspeak 

Design Blank, shown later with a sample problem, was 
developed to facilitate designs. This form has 10 units on 
the X and 10 units on the Y axis. Thus, a total of 100 
squares are available for planning purposes. Each of these 
squares corresponds to the one inch square area on the 

output form. To initiate a program, one first sketches his 

design on the Artspeak Design Blank. Then, using this 
design as a guide the programmer writes his instructions, 
which thereafter are keypunched to form a program. 



Explanation of the program. 

Statement 1 tells the computer to define a point at 3,4. This 
point is labelled in the program as P1 as was also done on 
the design form. (In artspeak a point may be represented 

Design name or #: _ SQUARE TM MOTTOM _ by using the letter P followed by any positive integer 
selected from 1 to 100) 

Statement 2 then defines a curve which connects these 
points to form a square. This square is formed starting at 
(3,4)=P1 and connecting the points (5,6), (3,8), (1,6) and 
finally joining with point (3,4). The square identifies a 
curve labelled C1. (In artspeak curves are identified by the 
letter C followed by any positive integer selected from 1 to 
100) 

Statement 3 commands the plotter to draw the square. 

Statement 4 tells the computer to rotate the square C1 
about point P1 2 degrees clockwise. (You may note that 
artspeak allows one to assign a label to each of its 
statements, however, only statements which are referenc- 
ed are usually labelled. All labels must start with the letter 
L followed by an integer from 1 to 100. In this program we 
have assigned labels L1 and L2 to statements 3 and 4 
respectively.) 

Statement 5 tells the computer to repeat this process 
(steps 3 and 4 in the program) 45 times. 

Statement 6 will stop execution after 45 repetitions of 
statement 5 had been completed. # 

ARTSPEAK Design Blank 

Programmer's name: _Jéenosua FRIEDMANN 

The output 

x direction — 

In the following we will illustrate, plan, code and explain a 
sample problem using ARTSPEAK. 

Draw a square standing on one of its corners. Rotate the 
square on its corner an angle of 2° degrees and redraw the 
square. Repeat this process 45 times and finally stop. The 
ARTSPEAK program was written in two stages. 

e We planned the program. 

We have used the artspeak design blank form to do the 
planning. First, we have chosen a point with the coor- 
dinates (3,4) and marked a dot on its place. This point was 
labelled P1. We choose three more points (3,8), (1,8), and 
(3,4) again using a dot to mark their position on the form. 
Finally, we connected these points with lines which 
formed a square standing On one of its corners. 

e The artspeak program-coded. 

1 LET P1 BE POINT (3.4) 
2 LET C1 BE LINE P1, (5,6), (3,8), (1,6), 

(3.4) 
3 L1 DRAW C1 
4 L2 ROTATE C1 ABOUT P1, ANGLE 2 
5 REPEAT L1 TO L2, 45 TIMES S 
6 STOP ROTATED SQUARE A 
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A New Generation of Biomedical Instruments 

The development of four micropro- 
cessor-controlled medical devices at 
Biomedical Engineering Center for 
Clinical Instrumentation (BECCI), based 
at Cambridge, Mass., is pioneering the 

research trail to a new generation of 

these devices, according to the consen- 

sus opinion of the BECCI research 
engineers. 

Jointly sponsored by the Harvard/MIT 
Program in Health Sciences and 
Technology but funded by a National 
Institutes of Health three-year contract, 
BECCI's aim is to build a technological 
resource offering an integrated and 
modularized set of hardware and 
software specifically designed for 
biomedical applications. 

To this end, BECCI published last year 

an upper-level language called STOIC 

(authored by John Sacks) and developed 

an “on-line debugging” card, designed 
by electrical engineer Paul Schulter. 

Staff engineer John Volvano explains 

that ‘Given the time and effort spent on 

the background hardware and the 

STOIC software base...future projects 

will have little of this work. Engineers 
need only design one or two hardware 

cards to interface their particular project 
and develop the software on STOIC’ — 

considerably telescoping the time 
neededto transform aninstrumentation 

idea into a prototype. 

John Sacks, BECCI’s software spe- 

cialist, says STOIC gives the program- 

mer complete control over the execution 

speed vs. ease-of-programming trade- 
offs inherent between machine and 

higher-level languages. Additionally, 

the debugging card, designed for 

microprocessors using an Intel 8080, 
uses a ‘memory mapping” feature to 

conveniently “‘patch” programs as if 

they were read/write locations, avoid- 

ing frequent read-only memory repro- 

gramming. 
The purpose of the medical instru- 

ments under development is not only to 

monitor and analyze biological signals 

but also to present this information ina 
usable form to the physician. In another 

sense, however, the research engineers 

are confronting the question: ‘How do 

John M. Brus 

you program a physician's clinical 
judgement into a computer?” The best 

example illustrating some of these 
difficulties is BECCI’s portable arrhyth- 
mia monitor, scheduled for limited field- 
testing this summer. 

Monitoring Chaotic Heart Beats 
There are almost 700,000 heart- 

attack victims each year in the United 

States. Heart attacks usually occur 
when blood flow to a portion of the heart 

is reduced or blocked, disturbing the 
natural rythmic wave of electrical 
impulses regulating the heart's beating. 
This leads to ventricular fibrillation— 

uncoordinated beating of the heart’s 
chambers—and cardiac arrest. People 

with heart disease are prone to 

intermittent arrhythmias, and monitor- 
ing these patterns provides valuable 

medical information of the heart’s 
physical situation and response to 

medication. Since the heart beats about 

100,000 times in a 24-hour period, 

however, a 12 or 24-hour electrocardio- 

gram (ECG) monitor generates moun- 
tains of data but only a few of the 

medically important arrhythmia periods. 

BECCI is developing a_ portable, 

microprocessor-controlled ECG monitor 

that recognizes and stores only 

arrhythmia patterns. In theory, after 

strapping on the unit in the morning, a 

The Portable Cardiac 

contains an Intel 8080 processor, 256 8-bit words of 

read-only memory, 4096 8-bit words of read/write 

memory, ECG amplifier, 10-bit analog-to-digital 

converter, bit-serial transmitter-receiver, patient 

interaction interface, and a DC-to-DC power 

converter. 

Arrhythmia Monitor 
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patient can go about all his daily 
activities. At the end of the day, he plugs 
his monitor into a modem and feeds the 
data to a hospital computer which will 

print out hard copy for examination. 
The arrhythmia monitor is an ideal 

illustration of a heretofore impractical 
biomedical device, according to project 
engineer Joe Walters, Jr., ‘‘This 
microprocessor technology is clearly 

opening a new area because there’s no 
minicomputer around capable of being 
reduced to a box this size (2”’ x 6x 10”) 
and this power (3.5 watts). 

However, recognizing arrhythmias is 
just one of the microprocessor’stasks.A 
clock enables recording of the time 

intervals between arrhythmias. Algor- 

ithms also classify different types of 
arrhythmias and compress data for 

storage. 
Although ECG waveforms are easily 

susceptible to mathematical analysis, 

Walters admits he hasn’t quite yet 
mastered the trick of converting ‘‘clinical 
judgement” into an acceptable algor- 
ithm. Constitutional biological differ- 
ences between patients illustrates one 

of the vexing variables. That is, what 

looks like arrhythmias in one patient 

may be close to normal in another. 
compounding that fact with the different 

possible types of arrythmias means that 
the arrhythmia algorithm must not only 

analyze different waveforms, but 
additionally recognize the arrhythmiaas 

significant in context with the normal 

heartbeats. Also, extraneous biological 

impulses feeding into the ECG sensors 
create problems, such as triggering the 

monitor to mistakenly store the 

impulses in memory. One _ solution, 

Walters notes, is beefing up the current 
4K memory to 16K or even higher. This 

would allow the use of STOIC and 
provide the extra capacity to store the 

extraneous impulses. 

Walters also has plans of making the 
unit interactive with the patient. For 
instance, after the unite detects an 

arrhythmia, a buzzer can alert the 

patient to answer a series of prepro- 

grammed questions presented on a 

small LCD display. Giving the patient a 



choice of “‘Yes,”’ ‘‘No”’ or ‘I don’t know” 

buttons to push, typical questions might 

be: ‘‘Are you dizzy?” or ‘‘Are you having 
angina pains?” Correlating these 
answers with the different types of 

arrhythmias creates more medically 

useful information. 

Computerizing Pulmonary 
Function Testing 

Another unit under development 

involves a combination whole body 

plethysmograph (lung volume capacity) 

and respiratory gas analysis system. 

Project engineer Niel Dowling says 
previous plethysmographs, if they've 
been computerized at all, usually shared 
time on a minicomputer. ‘‘We want to 

have a processor dedicated to the task to 
produce a cheaper, more compact 

system,” he explains. 

Effective measurement of a pulmon- 
ary system includes measuring lung 
capacity, lung elasticity and CO, and O, 
transfer efficiency, as well as how these 

factors change within the time of an 
exercise period. Dowling says the 

microprocessor using analytic equa- 

tions (e.g., Boyle’s Law) can compute 

lung capacity straightforwardly. Or by 
comparing two sets of figures (e.g., lung 

gas ratios and blood gas ratios), the 
microprocessor derives medically 

important information on the gas- 
transfer efficiency of the lungs. 
Currently, integrated respiratory gas 

analysis systems and plethysmographs 

are not mass produced andcancostup to 
$50,000 counting minicomputer sup- 
port, according to Dowling. but he 

believes a dedicated microprocessor 

system could cut the current cost inhalf. 

Field testing of a prototype should begin 

in Boston's Peter Bent Brigham Hospital 

this summer. 

Measuring Eye Movements 
To Detect Balance Disorders 

Disorders of the inner ear leading to 
dizziness or loss of balance sometimes 

are diagnosed indirectly. One proce- 

dure, called electronystagmography, 

positions a patient on a motorized chair 

that rotates and tilts. Concurrently, eye 

movements are monitored and ana- 

lyzed, since inner ear balance disorders 

reveal themselves in eye velocities by an 

integrated response called the ocular- 

vestibular reflex. 
Project engineer John Tole says 

electrodes placed at the eye corners can 

measure differences in electrical 

potential caused by eye movement. 

Again, these eye movements are 

susceptible to the type of mathematical 

analysis microprocessors happily 

perform. But, just as with the ECG 
monitor, Tole explains that patients with 

abnormal characteristics (e.g., unusual 

head thickness or weaker neurological 

responses caused by extreme age) can 

test the flexibility of the software. So far, 
the algorithms are standardized for a 

typical middle-age patient with normal 

neurological response. Additionally, the 

microprocessor sequences all chair 
movements and records the chair and 

eye movements on atime scale because 

some of the reflexes seem to have a 
delayed reaction effect. 

Measuring Blood Flow 
Developing a thermal probe that 

directly measures blood flow in living 

tissues is BECCI’s fourth project. By 

placing an electrically heated needle- 

like probe within the tissue or organ, 

sensitive measurements of the rate at 

which the tissue absorbs heat from the 
probe are made. Comparing these 

“heat-sink” values, in the presence of 

blood flow, with standardized values of 
tissue conduction, in the absence of 

flow, leads to calculations of the blood 

flow which carries heat away from the 

probe. 

Project engineer John Volvano says 
the instrument is due for field testing 

this summer at the Walter Reed Army 

Institute of Research near Washington 
D.C. Aside from aneasily correctable but 

unforseen problem of shielding the 
sensitive electronic components, Vol- 

vano believes the software and 

hardware is near perfection. 

Dr. H. Frederick Bowman, director of 

BECCI’s thermal probe project, says the 

probe has a number of potential uses. 

One may be the post-operative moni- 

toring of surgical patients and another 

the monitoring of transplanted organs to 

assess disorders steming from re- 

stricted blood flow. Knowledge of low 
flow rates (known as ‘‘shock’’) are 

important in patient care. 
Bowman alsoexplainedthatchanging 

the instrument’s software enables the 

probe to monitor the concentration of 

other fluids. This can be important inthe 

emerging field of cryopreservation— 

where donor organsare stored for future 
transplantation. Using a cryopreserv- 

ative ‘biological antifreeze” to prevent 

tissue destruction, the probe could 

monitor the freezing and thawing rates 
and ‘‘antifreeze’’ concentration levels 

for each organ system—all of which 

have to be meticulously recorded to 

discover the optimum rate. 

Cheaper but powerful computer 

components are obviously finding a 

home in biomedical instrumentation. 

And with a little imagination, the hand- 
held “‘body-function analyzer’’ used by 

Star Trek’s Dr. McCoy may not seem to 

be so impossible after all. @ 

The Miraculous Medical Microprocessor: 

A Look Intothe Future 

Pamela Weintraub 
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Can a mild-mannered scientist travel to 

Mars and back, cleverly avoiding the 

notorious space sickness that knocks 

out half of our brawny astronauts? Cana 

50-year-old veteran who's lost a leg in 
the war run the hundred-yearddash and 

win? And can dying cancér patients go 

into deep-freeze, confident that they'll 

thaw out centuries later to receive the 

cure? Well, not yet. But if medical 

microprocessors live up to expectation, 
they may change these unrealistic 

scenes into everyday fact. 

From electrocardiograms with whis- 

tles and bells, to zero-gravity flight- 

simulators, almost any instrument can 
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Prof. Roger Mark (right), director of BECCI, and 

project engineer Joe Walters, Jr. stand next to their 

heartbeat monitor. 

be plugged into microprocessor sys- 
tems. Andsince BECClengineersdesign 

microprocessors with interchangeable 

parts, they can asemble almost 90 
percent of the hardware for any given 
instrument from off-the-shelf parts. 

Thus, as the four current BECCI projects 

near completion, scientists are faced 

with the arduous task of deciding what 
device they'd like to work onnext. 

“We want to provide the medical 
community with resources to build 

microprocessor-based instruments,” 

says Prof. Roger Mark, BECCI’s director. 
“If hospitals need a special-purpose 
microprocessor, they cancomehereand 
we'll have the necessary hardware, 

software and staff to build the device.” 

The Computerized Body 
Prof. Mark speculates that portable, 

battery-operated processors—such as 

his heartbeat monitor—will result in 

vastly improved artificial limbs. Scien- 
tists might develop a mechanical knee 

that operates as smoothly andquicklyas . 

the real thing. 
Our limbs move inresponsetoelectric 

signals coming from the central nervous 

sytem and brain, Dr. Mark explains. 

Such signals travel through the body 

even if corresponding limbs are no 

longer intact. Thus, if surgeons attach 
nerve endings directly to microproces- 

sor terminals within an artificial knee, 

the computer willreadthe body's signals 

and instruct the mechanical partto move 

just as the real knee would have. 

Lightweight processors may also 

bring sound to the deaf. 
“It turns out that the hearing aids we 

now have are just amplifiers,’’ says Prof. 

Mark. “‘And just amplifying sound is 

worthless when you're trying to make 

totally deaf people hear; such people are 

deaf because they've lost the ability to 
pick up certain frequencies. So, if you 

amplify everything you'll turn an 

unintelligible squeek into an unintelligi- 

ble roar. But computerized hearing aids 

could translate normal speech into 
frequencies easily understood by the 

deaf.” 
Indeed, microprocessors that improve 

upon the human ear may one day 

sharpen our other senses as well. And 

like the mythical Martian, we'll hook up 

to computerized antennae that cue us in 

oncoming earthquakes, winning horses 

and the next day’s weather. 

Human Storage: The Deep-Freeze 
While Dr. Mark feels that micropro- 

cessors will build our bodies into 
stronger, more durable shells, Prof. H. 
Frederick Bowman predicts that these 
computers will also unravel some 

anatomical mystries within. In fact, Dr. 

Bowman's thermal-probe project uses 

processors to gather information that 

might help scientists freeze an entire 
person for hundreds of years. 

Fred Bowman became fascinated, 
early in his career, with the problem of 
removing heat from living material. He 
realized that if scientists could freeze 
human organs, they couldalsoestablish 

a biological storehouse to provide the ill 

with healthy kidneys, livers, hearts and 
lungs. The key to this wealth of human 
parts lay in ‘‘biological anti-freeze’’—a 

substance almost impossible to produce 

without help from a microprocessor. 

“Each cell will survive the freezing/ 
thawing process providedthat it’s frozen 

and thawed within a given time-span,”’ 
Prof. Bowman explains. ‘‘If it’s frozen 
faster or slower than that the cell will 

die.” And since organs are made up of 
rhany different cell types, freezing a 

heart or lung has always been virtually 

impossible. 

“You would have hadtotake the organ 

apart, freeze it cell by cell and put it back 
together again,’’ comments Prof. 

Bowman. ‘Then you'd be playing God.”’ 
But now, with microprocessors to 

analyze the freezing/thawing process of 

each cell type, scientists may soon 

produce a major substance to broaden 

the overall time-span. The biological 

anti-freeze could provide us with a time 

machine more potent than anything 

imagined by Jules Verne. And a society 

where modern-day explorers travel icily 
into the future looms amazingly close. 

Space Bound 
Mark and Bowman contemplate the 

promise of lightweight computers here 

on earth, but another BECCI scientist 

works toward the day when he'll use 
processors to aid his experiments in 

outer space. If Prof. Lawrence Young 
succeeds, he may be the firstresearcher 

to feel more comfortable in a space 
capsule than a Cadillac. 

Rapidly spinning chairs, slick model 

airplanes and kaleidoscopic patterns 

create the carnival-like atmosphere of 

Dr. Young’s balance-testing lab. From 

this unusual arena, the innovative 

Professor of astronautics uses proces- 

sors to study motion-sickness on earth. 

Earth or space style, motion-sickness 

results most frequently under just such 

abnormal, man-made conditions. And 
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whether plagued individuals spin 
violently in Prof. Young’s laboratory 
chair or travel through the Milky Way at 
thousands of miles per hour, the 

symptoms include nausea, vomiting, 

dizziness and appetite-loss. 

Thus, while patients coming to this 

uniue terra-firma workshop jolt back 

and forth in flight-simulators or stare at 
whirling designs, Prof. Young thinks 
ahead to the day when scientists—and 
even ordinary tourists—will travel 

through space without experiencing 

unpleasant zero-gravity side-effects. 
To this end he’s planning a series of 

experiments for the 1980 Spacelab 
flight. In one test, astronauts ride the 

‘‘space-sled’’—an accelerating platform 

within the space ship—as Scientists use 

electrodes to measure the rapid, 
involuntary eyeball oscillation associ- 

ated with motion-sickness; results will 

be analysed via the microprocessor. 

Young’s work could improve the 
quality of outer-space living for 

geerations to come, with flights smooth 
enough to accomodate even the 

queasiest researcher or tourist. Passen- 

gers will learn to perform exercises that 
prepare them for the rigors of universal 

travel, and to avoid situations that 

produce the dreaded space disease. And 

since awkward design contributes to 

space sickness, Young's results might 
even create a demand for interior 

decorators specializing in extra- 

terrestrial dwellings. 

And as a bonus for those who plan to 
stay on earth, the experiments could 

yield powerful cures for carsickness, 

seasickness and airsickness. 

“The motivation for using micropro- 

cessors in the project is that they're 

small, cheap and powerful,’ says Prof. 

Chalres Oman, who's worked onseveral 

projects with Dr. Young. ‘They allow us 

to put a great deal of computing power 
into asmall area—like a bedside, aclinic 

or a Space capsule.” 

The microprocessor developed for 

clinical use is so convenient, says Dr. 

Oman, that scientists have even 

considered taking it over tothe Johnson 

Space Center and plugging the data that 
comes down from orbit right into it. 

Prof. Lawrence Young, director of BECCI’s balance 

project. He'd like to make space flight fun for 
everybody. 



Computerized Robots:A Step Into 
The Future for Hospitals 

A Wichita, Kansas, hospital has 
overcome some of its logistics problem 

through the use of computerized 

“robots.” _ 

Visitors to St. Joseph Medical Center 
may be surprised to see the efficient, 

automated carts toting linens down a 

Amscars, with modules loaded with laundry, 

travel the 325-foot tunnel that connects east and 

west campuses of St. Joseph Medical Center, 

Wichita, KS 

corridor toward the laundry room— 

through tunnels and up elevators— 
without a driver or any visible means of 

propulsion. 

The helpful robots are called Amscars, 

and they are designedto handle a variety 

of hospital chores, stopping short of 
actual patient care. In fact, the 

electronically-guided vehicles transport 

tons of food, linens, ward supplies, 

pharmaceuticals and trash throughout 

the health-care complex. 

Faced with a wide-spread hospital 

facility and ever-increasing costs, St. 

Joseph Medical Center turned to 

automation for help. The Amscars were 

developed by Amsco Systems Company, 

Erie, PA, as one answer to the serious 

problem of rising hospital costs. The St. 

Joseph Amscar system was the firstina 

Kansas hospital, and the 16th installa- 

tion in a U.S. hospital. 
For St. Joseph Medical Center, the 

robots were a welcomed step into the 

space-age. The sprawling complexis full 

of ramps and walkways that consume 
employee time and energy. At last the 

hospital could eliminate some of the 

non-productive time spent by personnel 
travelling up and down long hallways. 

“Hospitals cannot automate patient 

care, so we are using automation where 

Susan TroutArmstrong 

patient care is not involved,’’ explains 

Mother Mary Anne, executive director of 
the facility. 

The robots are actually a ‘‘material 
distribution’”” system, with the guide- 

paths in service corridors, instead of 

public corridors. ‘‘Because many 

materials must be kept sterile, they 

cannot be subjected to the environment 

of public corridors,”’ one hospital official 

said. “Conversely, public corridors 

should not besubjectedto contaminated 
material.” 

The innovative system uses Amscars 

to serve both the medical center’s west 
campus and the east campus. The 

buildings of the two compuses are 

connected by a 325-foot concrete 

underground tunnel. The system uses 

clean recovery areas and soiled sending 

areas to prevent cross-contamination at 
the user levels. 

Amsco Systems Company explains 

that the driverless carts follow a 

predetermined electronic guidepath 

which consists of special wiring 

embedded in the floor slabs of service 
corridors and covered with normal non- 

conductive floor-covering materials. 

Wires are arranged throughout the 

complex in continuous-loop circuits, 

and are energized by 6.5-KHz and 10- 

KHz oscillators so they radiate a 

magnetic field over avery short distance. 

Amscar units have special coils to 

sense the magnetic field along the 

guidepath. The magnetic field is 

amplified to control the Amscar’s 

steering mechanism, and the circuitry 

holds the robot to within a fraction of an 

inch of guidepath. 

Transmitters, receivers, electric eyes 

and other devices enable the Amscarsto 

stop and wait their turn at intersections, 

open and close automatic security 

doors, and enter and leave vertical lifts 

(elevators) at the correct floors, all 

automatically. 

The robots carry various enclosed 

containers called ‘‘modules” through- 

out the medical center on pre-selected 

routes. For example, one Amsacar may 
transport a locked module full of 

pharmaceuticals from the supply area to 

the patient ward. Another Amscar might 
carry an insulated food module— 

designed to keep meals hot—from the 

kitchen to the nurse’s station. 
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At St. Joseph Medical Center, the 

Amscars operate on a 16-hour-per-day 
schedule. Staff members atthe dispatch 

station load the cars and automatically 
send them on their way. At the receiving 

end, other personnel unload the robots 

and press a start buttontoreturnthe unit 

to its proper station. 

At the Control Station, a dispatcher 

can monitor the Amscar lifts. Essen- 
tially, he uses a desk-type unit with an 

indicating panel (one for each Amscar 

lift) mounted to its top surface. The panel 

contains lights which indicates: 

1. Location of the lift (floor). 

2. Status of the lift (vacant or 

containing an Amscar). 

3. Amscar at lift entrance position (at 

each floor). 
4. Amscar at lift exit position (at each 

floor). 

Other lights on the panel indicate 
possible malfunctions, such as “‘door 
obstructed.” 

Safety devices are included withinthe 

robots, too. They are responsible for 
halting the cars when they come into 
contact with people or other obstruc- 

tions. The units travel at one mile an 

hour during automatic operation, butthe 

motor provides for dynamic braking as 

well as for propelling the vehicle. One 

The manager of the Amscar System at the Medical 

Center shows the complicated circuitry withinthe 

Amscar itself 

Amscar safety feature is the pneumatic 

bumper assembly. Air pressure created 

by bumper impact activates the bumper 

switch, and the car stops automatically. 

Still, employees say they steer clear of 
the vehicles as the Amscars go about 

their work, steadily travelling the halls 

with hot trays of food or dirty dishes, 

clean or soiled linens, or other hospital 
supplies. @ 



Computer Correction of 
Optical Illusions 

David A. Smith 
Department of Mathematics 

Duke University 
Durham, NC 27706 

and 

Case Western Reserve University 

A computer-driven plotter is a very handy tool for drawing 
optical illusions, especially those that depend on distortion 

patterns consisting of many curves or that involve 

complicated curves that must be drawn accurately. In a 
recent study (3) we have shown that the same computer 

plotter, given a little help from mathematics, can also 

“correct” illusions, in the sense of causing to appear what 
was really there in the first place, but didn’t seem to be. As 
we shall see, a corrected illusion is really another type of 
illusion. Each of the accompanying illustrations shows an 
illusion in part (a) and a corresponding corrected illusion in 
part (b). We will discuss them individually below, but in part 

(a) all the lines are straight and the curves are drawn 

without fudging, whereas in part (b) some very specific 
fudging has been provided by the computer program. 

It should be noted that this article is not about 
mathematical recreations. Understanding how and why our 
eyes play tricks on us is an important step in understanding 

the structure and function of the human visual system and 
its various parts. This is an area of active research by 
physiologists and psychologists of perception, and many 
important questions remain unanswered. An important 
preliminary step is to describe accurately what we perceive 

and how it differs from what is really there. One measure of 
accuracy of a descriptive model for perception of illusions is 
its ability to reverse the perceived effect and produce a 

corrected illusion that appears to show what did not appear 
when the figure was drawn “‘correctly.”’ 

The underlying principle on which the descriptive 
mathematical model is based was first hypothesized by F. 

Brentano about 80 years ago: The human visual system 

tends to overestimate acute angles and underestimate 

obtuse angles. This is certainly not an immutable law of 
nature, but there is a great deal of evidence to support its 
validity, at least among adults in civilized societies, living in 

a largely “rectangular” environment. The Brentano 
Hypothesis may be formulated precisely and applied to 
plane optical illusions by means of two-dimensional vector 
calculus. This leads to algebraic or differential equations 
whose solutions describe the correction curves. Each such 
equation contains a single numerical parameter represen- 
ting ‘how much” misperception is taking place at each 
angle in the illusion, which we call the strength of the 
illusion. Some of the factors affecting the strength 
parameter, within the drawing, within the visual system, 
and related to the manner in which the drawing is viewed, 
are known, but its precise relationship to neurophysiology 
has not yet been determined. Values of the strength 
parameter for each of the corrected illusions shown here 
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were determined empirically, by drawing the corrections for 

several closely-spaced values and picking the one that 
looked best. (A much more intricate mathematical model 

that supports the Brentano Hypothesis and is based directly 

on the physiology of the eye has been given by E.H. 

Walker(4).) 

Our technical paper (3) was illustrated with classical 
illusions, much studied in the psychological literature, and 
associated with the names of Poggendorff, Zollner, Hering, 
Orbison, Ponzo, and Muller-Lyer. The illusions presented 
here are unconventional, but each has a purpose in 
supporting the Brentano model. The model is based on work 

of W.C. Hoffman (1), but with some specific differences of 
detail that contradict Hoffman’s theory of perception. In 
particular, Hoffman’s theory led him to predict the 
possibility of illusions with hyperbolic or spiral distortion 
patterns (see Figure 1), but not with sinusoidal distortion 

patterns or distorted curves (see Figures 2, 3, and 4). 

Indeed, Hoffman has since stated (2): ‘(A) spiral, represen- 

ting a combination of size and rotation constancies, may be 
involved in such a visual illusion, but a sinusoid, for 
example, cannot.” 

Figure 1 is a variant of the classical Orbison illusion, in 
which a square is drawn in a pattern of concentric circles. In 
that case, the sides of the square appear to be bowed 
inward, whereas they appear to be bowed outward when 
the distortion pattern consists of rectangular hyperbolas. In 
Figure 1 (b), the sides of the “square” appear to be straight, 
but they are actually bowed inward, as you can verify by 
holding the page at eye level and sighting along one of the 
lines. 

Figure 2 is a variant of the familiar Poggendorff illusion, in 
which a diagonal line is interrupted by two parallel lines. 

The diagonal appears to be parts of two different lines. Here 
the interrupted curve is a sine wave, specifically, y = sin 2x. 
Because of the angular intersections with the parallel lines, 
the two portions of the curve do not appear to be smoothly 
connected “‘behind” the vertical strip (unless you look along 
the curves at eye level). The possibility of this illusion was 
specifically denied by Hoffman in (2). Figure 2 (b) was drawn 
with y = sin 2x up to the peak on the left, then with y = sin 

(2.1745 x -0.13705) from the peak to the left-hand vertical, 
with the right hand curve being a mirror image. (Because of 
the nonlinear equations involved, the computer was also 
needed to find the right numbers.) 

Figures 3 and 4 use Orbison-type distortion patterns 
composed of closely-spaced sine waves. In Figure 3 the 
curves have equal period and varying amplitude, while in 
Figure 4 the curves differ by vertical displacement. The 





correction curves are produced in the same manner as 

those for Figure 1, by numerical solution of a differential 
equation. 

Figure 5, which we call the “oriental lantern,’ is a variant 
of the Muller-Lyer ‘‘arrowhead” illusion. It illustrates how 

misperception of angles can create an illusion of /ength, as 

opposed to shape or angle. In Figure 5 (a), all of the 

horizontal lines have exactly the same length, but the five 
“outer” lines appear longer than the four “inner” ones. In 

Figure 5 (b), while the horizontals appear to be of the same 
length, the ‘inner’ ones are somewhat longer, as you can 
verify by laying a straightedge on the figure. In this case, the 
correction is done by adjusting the slopes of the diagonal 
segments according to the Brentano Hypothesis, and then 

filling in the horizontals. 

| i Figure 1 (a) 

The drawings in Figure 1 were done on a Complot plotter at Duke 
University Computation Center, and the remaining figures were done on a 

Calcomp plotter at Chi Corporation, a subsidiary of Case Western Reserve 

University. 
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BROWN SCIENTISTS PEER INTO 
FOURTH DIMENSION 

Curt Norris* 

Two Brown mathematicians have ~succeeded_ in 

penetrating the realm of the fourth dimension through the 

use of very sophisticated computer graphics techniques. 

The unique studies, which allow the scientists to visualize 
the unseeable, are conducted by Thomas F. Banchoff, asso- 

ciate professor of mathematics, and Charles M. Strauss, 
assistant professor of applied mathematics. 

The two Brown University professors are among the very 

few people in the world who are able to manipulate pictorial 

representations of four-dimensional concepts. They create 
their art by instructing the computer to investigate 

" geometric objects that cannot exist in our three-dimen- 
sional world. The computer then produces images on a 

television screen in the Brown University Computing 

Laboratory. 

As the professors twist a ‘’stick’’ resembling an aircraft 
control, the cage-like image rotates and tumbles like an 

architectural model in the grip of robot arms. Then a turn of 
a dial sends the geometric form through rotations in four- 
dimensional space, producing sweeping changes in the 

shape of the figure. 
“Students in my mathematics courses and my freshman 

seminar on the Fourth Dimension say that they react 
entirely differently to higher dimensions after becoming 
familiar with these representations,” Prof. Banchoff 
reports. ‘The possibilities of these techniques for mathe- 
matical research are very exciting to the scientists who 
have seen these demonstrations,’’ says Prof. Strauss. 

Prof. Banchoff said that a good analogy of a fourth dimen- 
sional concept would be the lifetime of Abraham Lincoln. 

No one three-dimensional reconstruction of a historical 
moment would give the complete picture of the man, but a 
collection of all such three-dimensional pictures moving in 
time would give a four-dimensional portrayal of the events 

of the lifetime. 
“In a similar way,” the mathematician explained, “A 

segment—a line—moving in a direction perpendicular to 

itself would describe a square region, and a square moving 

in a direction perpendicular to itself would generate a three- 

dimensional cube. We could think of the cube as the life- 

time of a square, with any individual square slice repre- 
senting first one event in that lifetime.”’ The pictures on the 
television screen show how the slices fill out a perspective 

view of a cube. 

The next step moves into the fourth dimension. 

“In three-dimensional space, we can't actually move the 

cube in a direction perpendicular to itself to generate a four- 
dimensional cube, or ‘hypercube,’ but we can see what the 

images of such a fourth dimensional would be as it passes 
through our three-dimensional space. At the turn of three 
control dials, the picture of a cube begins to move away 
from itself, tracing out a network that unfolds and collapses 
back in on itself. ‘We are actually watching the shadows of 

a four dimensional cube projecting down to our space.” 
The hypercube is one of the least complicated of the 

objects that Prof. Banchoff and Prof. Strauss are studying. 
Some are difficult enough to require the use of a 
stereoscope so that the views of these projections and 
slices appear truly three-dimensional. Many of these ideas 

have potential usefulness in physics or economics, 

wherever quantitives of data occur which cannot be 

handled easily by ordinary three-dimensional representa- 
tions. In many ways, the project is just beginning. 

“One of our recent techniques involves describing an 
object by its slices,’’ explains Prof. Banchoff. ‘A knife 
moving across a square produces a collection of parallel 

segments. A cutting plane moving across a cube and 

parallel to one face will produce a collection of squares. You 
might say that the cube is described as a stack of square 
slices, aS a Square is a stack of segments. In our work, we 
study the individual three-dimensional slices that will stack 
up in some direction perpendicular to all of our space to 

form a four-dimensional object.” @ 
*166 E. Main St., Norton, MA 02766 

Algebraic curve in fourth dimension 
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Projective plane (surface in four-space) 



An Inexpensive Reading Machine For The Blind 

This September a student at the 
Watertown, Mass. Perkins School for 
the Blind will put a textbook face down 
on a glass plate and a machine will 
‘read’ the words to him. 

The machine is a minicomputer based 

system that converts printed text—of 
any typeface—into spoken language at 
rates up to 200 words per minute. And it 
is the product of years of effort by 
Raymond Kurzweil, 28, and his small 

Cambridge, Mass. computer firm. 

Blindness, affecting about 1.7 million 
Americans, frequently stems from dis- 
orders which can leave an individual 
multiply disabled. Consequently, a large 
percentage of the blind can never learn 

the Braille language. Add the fact that at 
most only three per cent of the books 
published in the United States are ever 
transformed into recorded form and the 
need for Kurzweil’s machine becomes 
clear. 

The U.S. Government agrees and is 
now financially backing the completion 
of the machine’s development through 
the Veteran's Administration and the 
Bureau of Education for the Han- 
dicapped. The National Federation for 

the Blind is also helping financially and 
the machine will undergo field testing 
for the next 18 months before being 
placed on the market. 

Kurzweil has combined engineering 
and programming ingenuity with the 
shrinking prices of semiconductor com- 
ponents to produce a product which he 
predicts will only cost $5,000 in five 
years. 

John M. Brus 

How Does It Work? 
Currently using a Data General Nova 

2 minicomputer, the machine employs a 

series of programs using Assembler 

language to identify the individual 
letters and transform them into 
recognizable speech. ‘‘What we've done 
that’s new is produce multiple typeface 
character recognition in an inexpensive 
minicomputer system,” Kurzweil ex- 

plains. 

The basic sequence of operations 

begins when the camera—using an 
integrated scanning array—scans the 

letters in each word and feeds the data 
directly into the processor. A ‘shape 
analysis’ program identifies the letter 
and converts it into an eight-bit ASCII 
code. If necessary, other programs 

using contexual and other clues assist 
in the identification. Sequential 
algorithms then take the ASCII coded 
information and, using phonetic rules, 
transform the letters into phoneme 

signals. A phoneme is the sound 

associated with each letter. These 
signals in turn drive the Votrax speech 

synthesizer circuits. 

Hundreds of typefaces are available to 

printers today and all vary according to 
line thickness, size and serifs. To deal 

with this variety, Kurzweil devised what 

he calls a ‘Topological Analysis 
Program.’ It recognizes that each letter 

has certain invariant relationships of 

shape and the program matches each 

letter to certain assigned ‘property sets.’ 
For instance, Kurzweil defined an 

upper case “A” as a loop, a North- 

Central to South-West line segment, a 
North-Central to South-East line seg- 
ment and one South concavity. Thus, 
the property sets are defined totally by 

lines, loops, concavities, vertices and 
their relationships. And on the average, 
five binary property sets define each 

letter. 
Sometimes this initial program can- 

not make a final identification. Then the 
output is an ambiguity code indicating 
several possible identifications. For 
example, a vertical bar might be an “I” 
or an ‘i’ or the number “'1.’’ A back-up 
program makes fina! judgment using 
clues such as letter size, positional 

factors, presence of dots above or below 
and contextual clues. 

Kurzweil gives an example of a 
contexual clue this way. ‘’A vertical bar 
with a space to left and a consonant to 
the right is probably a capital ‘‘I’’ rather 

than a small ‘I’ because words starting 
with “lI” do not have second letter 
consonants.” 

If sloppy printing joins two letters, 
another program can identify the likely 
split points for the touching letters by 
analyzing the vertical-horizontal ratios 
of the image. 

Word Pronunciation 

After identifying and storing each 
letter, determining word pronunciation 
was the next programming problem. 
And since most of the processor was 

occupied by the character recognition 
work, there wasn’t enough memory 
remaining for a standard 100,000 word 
English dictionary. 

The basic mode of operation of the Kurzweil 

Reading Machine is automatic. The user simply 

places printed reading material face down on the 
glass plate of the desk top reading unit and presses 
a button to begin the scanning. 

James Gashel, chief of the Washington office of the 
National Federation for the Blind, operates the 

simple controls of the Kurzweil Reading Machine, 
the world’s first multi-font, full word speech 

reading machine for the blind. 

74 

In this time-lapse shot, the “scanner” converts a 
typewritten letter into digital signals for analysis by 

the computer in the electronic control unit (right), 

which contains the character recognition sub- 
system, the speech subsystem, and the syn- 
thesizer. 



Raymond Kurzweil, president of Kurzweil Com- 

puter Products and inventor of the Kurzweil 

Reading Machine, points to the machine's 

“scanner,” a small electronic camera moving on 

linear bearings and transmitting light and dark 
images of a printed page to the computer in the 

control unit. 

Kurzweil s solution was program- 
ming a set of 1,000 phonetic rules for 
the English language and an additional 

2,000 entry dictionary for exceptions. 
Both rules and exceptions were ‘‘prac- 

tical for a minicomputer based system 

since the rules only required about 
4,000 16-bit words of storage,” accor- 
ding to Kurzweil. And to increase the 
effectiveness of the rules and exception 
dictionary, he added another program 
that can strip off prefixes and suffixes. 

A final speech system provides a 
‘stress contour’ across each sentence. 
He says this reduces the monotony of 
the speech and is intended to reduce 
listener fatigue. The synthesizer circuits 
give the machine’s voice a_ thick 

Swedish accent that takes getting used 

to, but Kurzweil says most people can 

readily understand the voice with a 

couple hours practice. 

However, the system cannot differen- 

tiate the pronunciation of about 20 
‘ambiguous’ words. For example, ‘lead’ 

in ‘lead magnet’ pronounces differently 

from ‘lead’ in ‘You lead, I'll follow.’ But 
Kurzweil cites cost as the rationale for 

dismissing the problem, not technical 
difficulty. 

Once all the bugs inherent in such a 
complex system are resolved, he plans 

to market the machine initially to 

institutions and then to leasing com- 

panies catering to individuals. 

Medical Computerized 
Data Bases 

by Susan Hastings 

The computer stands at the threshold of the entire 
health care industry. It already controls many administra- 
tive functions. Doctors are using it to make diagnoses and 
to simulate surgical procedures. Comprehensive medical 
data banks have already been established in this country. 
With national health insurance just around the corner, 

computer use is exploding throughout the healthcare field. 
Those who object to the increasing use of computer 

systems in medicine say that it will destroy some of our 

most sacred institutions, including the confidentiality of 
the traditional doctor-patient relationship. They believe 
that medical computers pose a great threat to privacy 

because they contain information required by so many 
other agencies; they feel that once patient records are put 
into computers which will make information accessible 
from remote terminals, there may be no limit to violations 

of privacy. 
We should remember, however, that the computer itself 

is only a tool. And while tools can hurt us if not used 
sensibly, by definition, their prime use is to benefit man in 
controlled situations. Technology is continuing its search to 
develop devices that will improve the control man holds 
over his newest, and maybe most powerful tool, the 

computer. 

“Security” is the technological term given to the devices 
that will help to insure the privacy of information once it Is 
contained in a data bank. The computer is capable of 
providing security to the medical community in safeguard- 
ing its records and its traditions of confidentiality, and the 

new government legislation will regulate the kind of 
information that may be collected in data banks. Efforts 
like these to insure a patient’s privacy actually make the 
medical information stored in a computer seem less 

vulnerable to invasion than information stored in a doctor's 
file cabinet or on a medical chart in a hospital. 
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The Placebo and 

the Computer— 

Unexpected Antagonists 

A few years ago, a drug called reserpine became available 
for treating homicidal patients. St. Elizabeth’s Hospital in 

Washington set up a trial to test the effectiveness of the 
drug. One group of homicidal patients was to receive the 

drug. Another group of homicidal patients was to receive a 
placebo sugar pill, which purportedly has no pharmaco- 
logical effectiveness. Neither patients nor doctors involved 
in the study knew which of the two groups of patients 

would be getting which pill. 
The psychiatric resident who gave medication to one of 

the two groups was Werner Mendel (now a professor of 

psychiatry at the University of Southern California School 

of Medicine). Shortly after the drug trial started, Mendel 

became convinced that his patients were receiving reserpine 
because they calmed dramatically. The more convinced he 
became, the more they improved. After the study was over, 
however, he learned that his patients had received the 
placebo. And that’s when the power of the placebo first hit 

him. If a physician believes in a medication, he decided, he 
will transfer that belief to his patient, and his patient's 
condition will improve. 

Many physicians, however, do not appreciate the power 
of the placebo and what it can do for patients. This charge 
is leveled in the June 23 Journal of the American Medical 
Association by Herbert Benson and Mark D. Epstein, 
physicians at Harvard Medical School. 

There is ample evidence, report Benson and Epstein, that 
placebos can help patients with a variety of ills — pain, 
heart attacks, rheumatoid arthritis, hay fever, headache, 
cough, peptic ulcer, anxiety, depression. It is precisely 

because of this evidence, they argue, that physicians should 
look into how placebos work and exploit them to full 

advantage. 

Only when physicians better understand the scientific 
basis for placebo effectiveness, Benson and Epstein 

conclude, will they be able to incorporate advantageously 

the placebo into evolving forms of health care. They are 
concerned that taking patient histories by computer will 

not allow physicians to develop the rapport with patients 
that is necessary to heal them. & 



Music Dream Machines: 
New Realities for Computer-Based 

Musical Instruction 

by 
Fred T. Hofstetter* 

Even though it is stilla technological infant, the computer 
has emerged as a powerful medium with the potential of 
solving some of the most complex problems faced by today’s 
music educators. Courses of study in computer technology 

are now a common part of the graduate music curriculum. 

The growing membership of the National Consortium for 
Computer-Based Musical Instruction indicates that a 
concerted effort is under way to realize the potential of 
computers in the music classroom. Moreover, the fact that 

the Norlin Music Company, which makes Moog syn- 
thesizers, Lowery organs, and Gibson guitars, is manufac- 
turing a stand-alone music education system using 
minicomputer technology indicates that a major trend in 
music education may be under way. 

At least twenty university music departments have 

initiated major developmental programs to produce 

computer-based musical materials (Jones, 1975). 

Preliminary reactions to these materials have been 

overwhelming. Teachers like them; students like them; and 
researchers like them. 

The classroom music teacher faces many logistical 

problems. A well-planned presentation usually involves the 

use of several media, such as records, tapes, slides, 

transparencies, and duplicated handouts. The physical 

preparation of these materials, as well as the actual 

manipulation of them during class, can be cumbersome and 
time-consuming for both teacher and student. The teacher 

can encounter difficulties in procuring desired materials for 
the presentation, and unless time is taken to locate the 

material, the students have to settle for a second-rate 

presentation. Students remember many occasions when 
valuable class time was lost while the teacher tried to find 

the right place on arecord or a tape in order to play a musical 
example. 

If a music teacher were asked to state the requirements of 

a classroom presentation ‘‘dream-machine,”’ the response 

would be a device capable of displaying musical notation, 

showing slides, playing recordings, and maybe even 
generating some new examples for aural training. Such a 
machine was dreamed about in the 1960's by Professor 
Donald Bitzer (1961) at the University of Illinois. He made it 
a reality; it is called PLATO, and it is now a product of the 
Contral Data Corporation (1976). PLATO is a comprehen- 

sive computer-based education system which has been 
used in over seventy-one subject areas, and a variety of 

special presentation devices are available in different 
subjects. 

*The University of Delaware, Newark, DE 
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For all subjects there is a basic PLATO display unit which 
contains a screen upon which graphics (like musical 

notation) can be drawn, a random-access microfiche 

projector which can show slides on the screen, a typewriter 
keyboard through which one can communicate with the 
computer, and a touch panel which allows students to 
answer questions by touching pictures or words on the 

screen. Two special devices are used in music programs. 

One is a random-access audio device which can play any 
segment of a pre-recorded magnetic audio disk, and the 
other is a four-voice synthesizer which can be played by the 
computer. All of these components combine to produce a 

single machine which can display musical notation, show 

slides, play recordings, and generate new aural examples. 

Figure 1. PLATO terminal with microfiche slide projected on the display 
screen. On top of the terminal is a random access audio unit, and the small 
box on top of that is the 4-voice synthesizer. 

. 



One of the greatest benefits of 
computer-based education is the 
return of personal warmth to the 
classroom made possible by releas- 
ing the teacher of mechanistic 
duties. 

A super-medium like PLATO can put an end to the 
problems of finding the right materials because vast 
numbers of recorded examples, slides, and visual displays 
can be stored and randomly accessed at a split-second’s 
notice in the computer. Because it has the ability to present 
visual displays, play aural examples, ask students 
questions, record student responses, and interact with 

students on the basis of their responses, the computer is an 
ideal medium for drill and practice. Due to the limited 
amount of time the teacher spends with students in the 
classroom, it is difficult to maintain a good balance between 
concept development and drill-and-practice activities. In 

trying to meet course objectives by their intended 
deadlines, teachers realize that their students often do not 
get enough practice. Teachers also know that when they 
devote time to classroom drills, the individual differences 
among students create an environment in which some 

students are bored because they have already mastered the 
material, and others are hopelessly lost because the 
exercises are too difficult for them. It is now possible to take 
drill-and-practice out of the classroom and have it done in 
the computer laboratory where each student receives an 
individualized course of study based on the student's 
personal learning needs. And by means of the data keeping 
facilities of the computer, the teacher can get periodic 
reports on the progress and special problems of each 

student. 
When drill-and-practice is done in a_ self-paced 

computer-based environment, learning is more efficient. 
Class time formerly devoted to drills can be spent in concept 

development and in more creative aspects of music. The 
role of the teacher becomes more human. Mitzel (1972) has 

noted that one of the greatest benefits of computer-based 
education is the return of personal warmth to the classroom 
made possible by releasing the teacher of mechanistic 

duties. 

The greatest proponents of computer-based musical 
instruction are the students themselves. It has been 
demonstrated that with the aid of the computer they can 

increase their musical sensitivities, make higher grades, 
spend less time completing course requirements, and 

rediscover the intrinsic joy of learning. Illustrations of these 
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TABLE 7 
Summary of Student Scores in a Computer-Based 

Program for Improving Articulation, Phrasing, and Rhythm 
of Intermediate Instrumentalists 

Group Listening Performance 
Averages Test Means Test Means 

Pre-Test 
(N=25) 62.8% 38.8% 

Post-Test 
(N=25) 92% 94% 

Gains 30% 55.2% 
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attributes can be seen in several schools throughout the 
country. At Penn State University, Diehl (1971, 1973) 
demonstrated that students can develop more sensitivity 
and accuracy in the recognition and performance of 

articulation, phrasing, and rhythm. An experiment was set 

up in which 25 junior high school students who had taken 
“ private woodwind or brass study for at least three years 

were tested on their sensitivity and ability to perform 
articulation, phrasing, and rhythm. After this pre-test they 
participated in a five-week computer program in which an 
IBM 1500 computer was used to display musical notation, 
play pre-recorded musical examples, and ask questions 
about the articulation, phrasing, and rhythm of the musical 
examples. The students used the computer one hour each 

week. At the end of the five-week program, the students 
were given the test again. Table 1 gives the mean test 
scores for the pre-and post-tests. It is interesting to note 
that the computer led to a 55% gain in the students’ abilities 
to perform music. 

At the University of Delaware, a computer-based ear- 
training system has led to significant improvement of 
instruction in core music theory courses. Ear-training 
students are scoring a full letter-grade higher than they did 
before. The system is called GUIDO (Hofstetter, 1975), 
named after the eleventh century monk and music educator 
who invented the staff and the solfeggio syllables do, re, mi, 
fa, sol, and /a. GUIDO is a acronym for Graded Units for 
/nteractive Dictation Operations. These units are stored in 
the computer, and they contain a complete curriculum for 

aural drill-and-practice in intervals, melody, harmony, 
rhythm, and chord-qualities. GUIDO is being implemented 
on a variety of computers. To date, its best operating 
environment is on the PLATO system, because PLATO’s 
touch-sensitive display screen makes it possible to run the 

program by merely touching musical symbols on the 
screen. It is not necessary to type on the keyset. 

Figure 3 shows a sample display from the intervals 
program. By studying this display the basic features of the 
GUIDO system can be understood. At the top are two rows 
of boxes which contain the names of musical intervals. 
When the student wants to hear an interval, all he has to do 
is touch one of the boxes. When he does, the box lights up 
and the interval designated by the box is played by the 
computer-controlled synthesizer. Conversely, when the 

student is going through one of GUIDO’s formal units, the 
computer plays an interval, and the student responds by 

touching the box which contains the interval he thinks was 
played. 

Figure 2. Professor Ned Diehl observes a clarinet student using the Penn 
State Instrumental Music System. 
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Figure 3. Touch-Sensitive Display from the GUIDO Ear-Training System. 

Underneath the interval names are three columns of 
teacher or student control boxes. These boxes are used to 

control the way in which dictation is given. The teacher can 
preset them for the students, or the teacher can allow the 

students to set them at will. The first column of boxes allows 
for the intervals to be played as harmonic, melodic down, or 
melodic intervals up and down. The second column gives 
the option of being able to fix the top or bottom note of the 
intervals, or to have them selected at random. The box 
marked “‘intervals’’ allows the student to eliminate 
intervals from the boxes at the top of the screen, so that only 
some of the intervals will be played. In the third column of 
boxes the student can select compound or simple intervals, 
can have an interval played again, and can change the 

length of time the intervals last. Finally, there is a keyboard 

at the bottom of the screen. When intervals are played in 
formal units one of the notes of each interval is shown on 

the keyboard, and the student is asked to touch the other 
note played in the interval. Inthis way, students are quizzed 

on the spelling as well as on the aural recognition of 
intervals. 

In addition to liking computers because they make 
learning more efficient and improve grades, students like 
the interactive help which the computer gives them in 
analyzing music. One example is the combination of tutorial 
and analytical programs being developed on PLATO by 
Wittlich (1976) at Indiana University. These programs are 

based on set theory, the analytical procedures defined by 
Allen Forte (1973) for describing the pitch organization of 

atonal music. Wittlich is writing programs to teach music 
fundamentals using pitch class concepts of set theory. 
Topics include the definition of set, normal form, numerical 

set, transposition, simple inversion, inversion relative to 
zero, transposed inversion, interval class, and interval 

vectors, A very time-consuming part of set theory is the 

computation of normal form, interval vector, and set name 
for each pitch set. In fact, many people do not use these 

procedures because of the time involved. James Trueblood, 
a former Indiana student and now a programmer at 
Delaware, has written a program which allows the student 

to type in the pitch set using either letters or numbers, and 
then, in less than .3 second, the normal form, vector, and 

set name are shown on the display screen. 
Figure 4 contains a sample display from the set-theory 

program. In the middle of the display can be seen where the 
computer asked for a pitch set. After the student typed in C# 
Eb G B, the computer immediately responded with the rest 

of the display which shows that the normal form isO 2 48, 
the interval vector isO 20301, andthe pitch-class name is 
4-24 (12). 
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The computer-based music educa- 
tion system can present visual and 
aural stimuli, record responses, and 
perform data analysis in one 
automatic process. 

Students also like the control which the computer gives 
them in writing compositions for electronic music syn- 

thesizers. Instead of struggling with dials, switches, and 
patch cords, the students can write computer programs 
which automatically control the synthesizer and create 
desired sounds with much less effort. In this way students 
can concentrate more on the organization and meaning of 
their music. An example of this application is the lowa State 

Computerized Music System (ISMUS), developed under the 
direction of Gary White. This system allows students in 
music, computer science, and engineering to interact in the 
creation of musical compositions played on an ARP 
synthesizer under the control of a PDP-8 minicomputer. 

The last and most obvious reason why students like 
computer-based education is because it is just plain fun. 
Even the circle of fifths can be fun. Figure 6 shows the 
display screen of a game developed under the direction of 
Professor David Peters (1976), head of the PLATO muisc 

project at the University of Illinois. Named ‘‘Keyspinner,”’ 
this game calls for two players. The display consists of the 
circle of fifths with a needle or ‘spinner’ inside it. The 
players take turns spinning the needle, and when it stops on 

a key signature (e.g. 5 sharps), the player has to identify the 
key of that signature (in this case B) as soon as possible. The 
computer keeps track of how long it takes for each player to 

answer correctly, and the player with the best score wins. 

Musicians have also found the computer to be a powerful 

tool for pedagogical and experimental research. In the past 
attempts to measure the effectiveness of instructional 
strategies and the nature of musical learning have been 
hampered by the need to use manual techniques for saving 
and recording data. The amount of time which this requires 
per subject has resulted in the use of small populations 
when large populations would have been desired, and it has 

limited the number of experiments which music educators 
have been able to do. Of course, computers have been 
around for quite some time, and musicians have been using 
them to analyze data. What is different is that whereas in 
the past experimenters had to present stimuli and manually 

record and encode responses for data analysis, now the 
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int vec: 828381 

Figure 4. Sample display from Jim Trueblood’s set theory program 



Figure 5. Professor Gary White (seated) composing on the lowa State 
Computerized Music System 

computer-based music education system can present 
visual and aural stimuli, record responses, and perform 

data analysis in one automatic process. This means that the 
amount of experimentation can be greatly increased. It 
means that music educators can spend more time asking 

questions, and less time shuffling papers. 

Another advantage is the exact control which the 
computer has over the sound source. If the researcher 

wants to play a sawtooth wave at 50 db for .3 second, he can 
accomplish this by giving the computer a few simple 
instructions. This immediate, precise control of the sound 

source reduces the time needed to set up an experiment, 
and it guarantees that during the course of an experiment 
there will be no unintentional variation of the sound source 
which could bias the results. 

To date, the best example of the use of acomputer-based 
music education system for experimental research is the 
study of harmonic and melodic interval recognition 

conducted at Stanford by Killam, Lorton, and Schubert 
(1976). Using a PDP-10 computer, a model 33 KSR teletype, 
and a computer-controlled Thomas model 145 solid-state 

organ, a system was designed to play intervals, ask subjects 
for the names of intervals played, and record their 

responses. Six sets of intervals were played for each of 
fifteen subjects. One set consisted of 48 harmonic intervals 
played for .2 second. The second set consisted of 48 
ascending melodic intervals played for .2 second. The third 

a TS IS OE ES 

TABLE 2 

Confusion Matrix Summary for Modes of Presentation 
in the Stanford Study of Interval Recognition 

Most Frequently Used Wrong Answers 

Stimulus Simultaneous Ascending Descending 

m2 M2 M2 M2 
M2 m2 m3 m2 

m3 M3 M3 M3 

M3 m3 m3 m3 
P4 M3 & P5 P5 BS 

ili m3 & M7 P4 P4 
PS P4 P4 P4 
m6 P4 P4 M6 

M6 m6 m7 m6 
m7 M7 M7 & M6 M7 
M7 ll m7 m7 

P8 M7 M7 P5 

set consisted of 48 descending melodic intervals played for 
.2 second. The fourth, fifth, and sixth sets were the same as 
sets one, two, and three except that they were played for 

only .1 second. Within each set, intervals were selected at 

random, and they ranged in size from a minor second to a 
perfect octave. 

The results of this study showed that some beliefs on 

which teaching methods are based may be myths. First of 

all, when students encounter difficulty in hearing intervals 

in classroom dictation drills, one of the first techniques the 
teacher will try is slowing down the speed of dictation. 

However, in this study there was no significant difference in 

student performance when intervals were played for .1 

second, when the average correct recognition was 76%, or 
for .2 second, when the correct recognition was 77%. 
Second, it is commonly believed that the perfect octave is 
extremely easy to recognize, that it is such a “sure thing” 

that little class time needs to be spent studying it. In the 
Stanford experiment, however, it was shown that the 

perfect octave is not sucha sure thing. In fact, it was missed 
an average of 12% of the time. Moreover, seven subjects 
found the octave more difficult to recognize than some 
other interval. Finally, the study showed that there are 
differences of recognition related to the mode of presenta- 
tion used. Table 2 contains a confusion matrix summary for 
modes of presentation. In this table it can be seen that the 

most frequently used wrong answers vary as a function of 

mode of presentation. For example, whereas the subjects 
confused the minor sixth (m6) with the perfect fourth (p4) in 
simultaneous and ascending intervals, they confused it 
more often with the major sixth in descending intervals. 

Information about student learning patterns is needed by 
writers of textbooks so that their materials can be presented 

in the best order, by teachers so that they can deal more 
effectively with their students, and by the students 
themselves so that they can be aware of and try to avoid 
common pitfalls of musical perception. With the emergence 
of the computer-based music education system a com- 
prehensive body of knowledge about musical learning will 
be obtained whereby these needs can be fulfilled. 

It has been shown how computer-based techniques are 

improving music education for the teacher, the student, and 
the researcher. They have generated such wide-spread 
interest that vendors are beginning to market programs for 

music instruction. It was mentioned that the Norlin Music 
Company is manufacturing the first stand-alone music 
education system. It is doubly encouraging to see this 

support from vendors at a time when the cost of computer 
hardware is rapidly decreasing. One does not need to go out 

1 the MAJOR key for the signature indicated 

Ragen (aci tant Then press NEXT immediately’ 

Use "-" for flat and “+” for sharp. 

Example: ® for Bb type b=, for F® type fs. 

You have 18 counte to sé€lect the correct anewer. 

Figure 6. Display of the Keyspinner game developed by Professor David 
Peters at the University of Illinois. 



on a limb to predict that broad-based implementation of 
computer-based musical instruction will occur before the 

end of the next decade. @ 
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INTERACTIVE WOMAN-MACHINE 
IMPROVISATIONS OR LIVE 

COMPUTER-MUSIC, 
PERFORMED BY DANCE 

Debra Loewen is wearing a gravity-sensor costume that is 
monitored by a computer and correlated instantaneously 
with sound from a synthesizer. Depending on the user’s 
program, Debra could be performing a new musical 
instrument, executing a dance piece that determines its 
own unique music score in real time, or experimenting 
with bio-feedback through physical movement and sound. 

The costume has 64 mercury switches (as digital bits) 
multiplexed to single data lines for shipment (by cable or radio) 
to an interface. The system hardware — designed and built by 
Thomas Noggle and Joseph Pinzarrone in Urbana, Illinois, 
1972-1975 — consists of a READ/WRITE bus structure 
between a P.D.P. 11/10 and a programmable bank of analog 
sound-snythesizer modules (i.e. oscillators, filters, amplifiers 

etc.). 
System software, coded by Elven T. Riley and T. Rust, 

allows user control of analog device interconnection and 
data as well as costume information monitoring and 
masking and — can be used to create real-time interaction 
between the two. 

The system has been featured chiefly in live performance 
from coast to coast, with Debra as interfacee in a myriad of 
theatrical situations including composer Pinzarrone’s 
theatre work Hunger Artist. Currently, a lecture- 
demonstration is available entitled “Interactive Woman- 
Machine Improvisations.” Expansion of the system, of 
course, remains proportional to financial support. 

Debra is a choreographer-dancer on the faculty of the 
University of Delaware. Thomas is an engineer with High 
Energy Physics at the University of Illinois. Joe P. (in photo 
background) is a composer and co-director of the Mid- 
Atlantic Modern Music Institute in Wilmington, Delaware. 
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Net WOWIZOWS FOL 
CROCOMPUTE MUS 

Malcolm Wright' 

Since October of 1974 when the first 8-bit micro 
processor kit was introduced to the hobbyist, the 
computer kit market has exploded with a variety of 
supporting peripheral circuits. Who would have guessed 
that today a person could have nis own personal computer 
at home to generate a form of animation on the television 
screen, play games in a software language like BASIC, 
control home appliances like a burglar alarm, or produce 
different frequencies to an audio amplifier in the form of 
music? All this, and yet few of the applications or 
potentials of the micro computer kit have been developed. 
One of the applications for the micro computer which is 

just starting to be explored by the hobbyist is music. With 
only 45 bytes of instruction asimple routine was written by 
Paul Mork which could read a table of binary numbers in 
memory and generate a square wave frequency related to 
the value of the numbers. The small program by Paul could 
play simple melodies like “Daisy” or “Jingle Bells” when 

executed. Due to the speed of the micro computer, 
frequencies up to 2000 cycles per second could be 
produced. 

By December 1975 the scope of software music was 
expanded again. Alpha-numeric music with amplitude 
control was introduced by PCC? in a magazine article. The 
author, Malcolm Wright had written Alpha-numeric music 
for the 8080 with capabilities not considered before. The 
music was still a coded table of bytes foreach melody, but 
the bytes were alpha-numeric characters in the ASCII 
format. Now to play a note like middle C, the user just 
typed “4C” which specified the octave and the note. If the 
user wanted a sixteenth note of B flat, one octave higher, 
he would type “5SB!” into memory. Alpha-numeric music 
allowed the user to vary the volume, tempo, duration of the 
notes, generation of rests, repeat measures in music, 

generate six octaves of notes — sharp or flat, and create 

envelopes (attack) for special tonal qualities. 

Software has its limits and many companies are in the 
prototype stage of developing computer control hardware 
devices for music. The modern electronic organ with 
a band box (rhythm generator) gives an idea of how far 

we can goinsynthesis of instrument sound. Imagine an in- 
strument like the MOOG synthesizer, used in many 
electronic music recordings, controlled by a computer! 
Dr. Prentis Knowlton in Pasadena, California has inter- 
faced a PDP8 minicomputer with a pipe organ and with the 
assistance of many interested friends has encoded 
musical pieces like Bach’s Concerto in A-Minor and 
Rimsky-Korsakov’s Flight of the Bumble Bee for computer 
control. The Bumble Bee can be played at tremendous 
speeds by the computer with no mistakes and with 
complete repeatability.° 
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If one is going to generate electronic sounds from a 
special circuit board for a computer, what should be some 
of its capabilities? The circuit should be able to simulate 
different tonal qualities by generating different complex 
waveforms other than just sine or square waves. The 
circuit board should be able to give different attack and 
decay times for the notes to realistically simulate the 
various kinds of musical instruments. The frequency 
range of the circuit should be the whole audio spectrum 
from 15 cps to 20,000 cps at the minimum. The user should 
have control of the volume and the duration of the notes 
generated. 

Another requirement that should be placed on the music 
synthesizer circuit board is that a minimum of the 
computer's time should be used to control the card — less 
than 50%. If the control time is less than 100% computer 
usage then the computer can be executing other 
programs at the same time. Imagine computer games with 
sound effects in the background at the same time! 

The future for computer controlled instruments or 
synthesizer sounds is exciting. There are at least three 
companies presently developing these kinds of products. 
Solid State Music in Santa Clara, California is presently 
prototyping an Altair compatible card which will meet all 
of the above requirements. 

As a last note, imagine the future composer being able 
to write and edit pieces of music fora whole orchestra and 
being able to play the music instantly after completion by 
typing RUN on his computer! @ 

‘Solid State Music, 2102A Walsh Ave., Santa Clara, CA 95050 

Peoples Computer Company, Box 310, Menlo Park, CA 94025 

5An LP record of this system, “Unplayed by Human Hands’ is available for 

$6.98 from Computer Humanities, 2310 Ei Moreno St., LaCrescenta, CA 

91214. 



BOTTOM-UP BIZET 
REFLECTIONS ON IMPLEMENTING RELEASE 234.5 OF THE 

PEARL FISHERS 
Robert P. Taylor 

INTRODUCTION 
Computers are wonderful devices and with them we ac- 

complish wonderful, even astonishing things. But what 
astonishes me most is the freshness which computing pro- 
vides into what are essentially non-computing activities. By 
identifying parallels with computing in a non-computing 
activity, I can often deepen my appreciation and understand- 
ing of a familiar human enterprise, enriching my life con- 
siderably in the process. I sometimes feel this may be a more 
significant reason for getting involved with computing than 
is the whole business of getting the computer to perform as a 
marvelously powerful and flexible tool in any of a host of 
scientific and commercial enterprises. I do not feel most 
computing professionals take seriously enough the import- 
ance of this “fringe benefit” of computing. In fact, I believe 
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if we systematically encouraged and publicized the applica- 
tion of such insights to significant cultural enterprises, we 
would both enrich our culture and take a significant step 
toward countering the growing popular misconception of 
computing as a mechanistic, dehumanizing force in our 
society. The objective of this paper is to illustrate how this 
can be done in terms of one well-established and sanctified 
art form in our culture, grand opera. It should adequately 
suggest the merits of the idea. 

Following this introduction, the remaining text of this 
paper is organized into five parts. PART ONE reviews the 
origin of the paper and likens the production of opera gen- 
erally, and George Bizet’s The Pearl Fishers in particular, to 
the implementation of a software system. PART TWO 
likens the New York Lyric Opera Company (NYLOC), as it 



was organized to produce the Pearl Fishers, to a software 
implementation team. PART THREE examines the “docu- 
mentation” normally available for implementing the Pearl 
Fishers system and finds that it relates almost exclusively to 
the audio systems of the overall opera system. PART FOUR, 
using the example of the lumination system, discusses why 
and how all the video systems in the Pearl Fishers imple- 
mentation project developed their own temporary, make- 
shift documentation. PART FIVE draws several conclusions, 
some about opera as system, some about the fruitfulness of 
extending the approach taken in this paper. 

PART ONE: DRAWING THE ANALOGY BETWEEN 
OPERA PRODUCTION AND 
SYSTEM IMPLEMENTATION 

I first became interested in the parallels between opera 
and systems while singing in a recent New York Lyric Opera 
Company (NYLOC) production of Don Giovanni. As we re- 
hearsed and subsequently performed that opera, I was in- 
creasingly impressed with the parallels between producing 
Don Giovanni and implementing a payroll or other reason- 
ably complex software system. Many of the structural rela- 
tionships between the personnel producing the opera closely 
resembled those characteristic of a good software project 
team. Activities were modularized and were developed, 
tested, modified and integrated just as the sub-components 
of a software system frequently are. Success in producing the 
opera seemed to depend heavily upon fitting the different 
strands together in the right place, at the right moment, much 
as the successful implementation of a software system de- 
pends heavily upon interface definition and creation. 

Long before opening night, I had begun to entertain my- 
self in slack moments by trying to look at the opera produc- 
tion as though it were a software system implementation. 
The audience became end users. Cues became interfaces. 
Lighting and sets became sub-systems. Section rehearsals 
became module testing. Rehearsals became debugging ses- 
sions. The dress rehearsal became a pilot run. The voltage 
limitation in the lighting power source became a hardware 
constraint. And on it went, until by the final curtain, I had 
come to see that whole NYLOC production as merely the 
most recent implementation of the Don Giovanni system. 

It happened that I was teaching a course on systems 
analysis shortly after this experience with Don Giovanni and 
I began to think that attending an opera rehearsal might be 
a beneficial experience for the students in that class. After a 
few weeks of introduction to systems concepts and an initial 
experience with the software system development process, I 
felt the students might profit from the chance to try apply- 
ing these same concepts in a foreign context. There, be- 
cause of the contextual freshness, the concepts might emerge 
with greater clarity and the students return to the traditional 
systems of the course with both a better understanding of 
systems concepts and a wider appreciation of their grander 

implications. | suggested ihe idea to the class and they de- 
cided it would be worth trying. 

Experience with Don Giovanni strongly suggested that one 
opera would be just as good as another for this sort of ex- 
perience. NYLOC was, that term, readying Bizet’s The Pearl 
Fishers for production so an evening dress rehearsal which 
coincided with the systems class hour was selected for the 
class’s “night at the opera.” Each student was given the 
same assignment — to attend the rehearsal and to write up at 
least one analogy which he or she discovers between opera 
“implementation” and the systems work being studied in 
the course. 

To prepare for the trip, the class was given certain written 
and printed material concerning the opera, was required to 
listen to a recording of the latter half of Act II, and was pre- 
sented with a brief outline of the organizational structure of 
the New York Lyric Opera Company. The materials and re- 
cording were focused on a dramatic climax in Act II which 
involved extensive interaction of all the different personnel 
involved in the opera production. 

PART TWO: THE NEW YORK LYRIC OPERA 
COMPANY AS A PROJECT TEAM 

The organization of NYLOC is similar to the organization 
of a software project team. Figure 2 shows the organization 
of the production personnel as a project team. Though solo- 
ists, their respective vocal coaches, and individual singers 
and instrumentalists have been omitted to keep the size of 
the chart manageable, the main structure is clear. There is a 
project leader with overall responsibility (NYLOC General 
Director). Two sub-system leaders report to the project 
leader: (1) the audio systems supervisor and (2) the video 
systems supervisor (the conductor and director, respectively). 
The first has responsibility for everything the user (audience) 
hears, the second, for everything the user sees. Each of these 
sub-system leaders have both individual and lower sub- 
system leaders reporting to them. And, in typical project 
fashion, each also assumes direct management for at least 
one sub-system. 

While several of the sub-project or sub-system personnel 
under one or the other of these two sub-project leaders have 
still other personnel reporting to them, several others do not. 
For example, the Group Vocal Systems Supervisor manages 
all the chorus personnel and is responsible for the develop- 
ment of the entire choral sub-system. On the other hand, the 
Lumination System is a one person operation. This variety 
in responsibilities and in numbers of upward-reporting per- 
sonnel in each case is a typical project phenomena, depend- 
ing on typical project realities — size of project and budget of 
project. In fact, the tyranny of schedules tends to make opera 
companies ideal models for project teams in at least one 
major sense — the opera team must come up with an im- 

plemented system within budget and on time. 
Responsibilities are initially delegated to the various sub- 

project leaders with enough general discussion of interface 
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Figure 1: Sample video output and vocal source code 
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details to enable them all to go ahead with their individual 
tasks. Early rehearsals are then devoted to module or sub- 
system design, testing and debugging. Final rehearsals are 
reserved for integrating the modules and sub-systems and 
thus resemble full-system testing. In this respect, the im- 
plementation of the opera is a sort of bottom-up process. On 
the other hand, the very early rough definition of interfaces 
between the various sub-systems and the constant depend- 
ence on cues and stubs as modules are developed constitute 
a sort of top-down process. Thus, like most system pro- 
jects, opera implementation involves both top-down and 
bottom-up approaches. 

PROJECT LEADER 
LOC Gi Di (NYLOC Genera: 1 

AUDIO SYSTEMS SUPERVISOR 
(Conductor) 

ORCHESTRAL 
SIMULATOR 
Piano Accompaniest) 

[INSTRUMENTAL SYSTEMS 
COORDINATOR 001 01 

(Concert Master) 

‘ 

Figure 2: NYLOC Project Team 

PART THREE: “DOCUMENTATION” FOR THE 
PEARL FISHERS 

The documentation presented here is but a minute sample 
from the hundreds of pages existing for the Pearl Fishers 
system. For the systems analysis class, excerpts of four kinds 
of documentation were presented: (1) overview (plot sum- 
mary), (2) narrative description (libretto), (3) audio systems 
vocal source code listing (vocal score), and (4) user audio 
output sample (phonograph recording of appropriate seg- 
ments of system). Obviously no example of (4) can be in- 
cluded in a paper, so none will be represented or discussed 
here. And, though an example of (3) is shown as an opening 
illustration in Figure 1, this section will use the more com- 
plete audio systems master source code listing which includes 
the vocal code and much more. (The master code would have 
been used in class but it was unobtainable at the time.) In 
addition to discussing the same aspects of documentation 
here as in the class, this section will derive some unity from 
relating all examples to a single time-slice from the opera’s 
execution. 

This time-slice is underscored in the overview excerpt pre- 
sented in Figure 3, an excerpt which adequately establishes 
the context for this time-slice. The systems class studied 
several other time-slices and their respective documentation 
as well, but space does not permit, nor necessity require 
more than this one time-slice to be examined here. The open- 
ing illustration for this article, for example, presents video 
output and an excerpt from the audio systems vocal source 
code listing relating to that time slice when the lovers em- 
brace. It should be noted, though, that these other time 
slices would underscore what tremendous changes in the 
level of system activity occur as the act moves from the 
moment of the lover’s embrace to a conclusion. The sys- 
tem must shift from an intimate, dimly-lit love duet to a 
furious, full-company climax with every character in the 
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- Leila in her position as priestess of the tribe. He tells her that 

opera on stage and singing at full voice, with the orchestra 
playing at full strength, and with the lumination system 
simulating a lightning storm. 

Act II ruins of a temple. Nurabad, the high priest, installs 

she must remain in silent watch and prayer throughout the 
night. She is fearful of the forest sounds, but promises. 
Nurabad departs. As Leila trembles at the roar of wild beasts, 
she is suddenly reassured by the sound of a human voice. It is 
Nadir singing to her in the distance. She answers, and Nadir, 
overjoyed, tells her of his love. They embrance, but are sur- 
prised by the high priest, who has been in hiding. He calls the 
people together telling them that their priestess has been 
false to her vows. The tribesmen are ready to slay her, but 
Nadir shields her with his body. Zurga, in order to protect 
his friend, commands the pearl fishers to disperse. Norabad 
tears away Leila’s veil, and Zurga then recognizes her as 
the same woman over whom he and Nadir had formerly 
quarreled. A storm arises and the people pray to the gods 
while the priests lead Leila away. Nadir is sentenced to death. 

Figure 3: Overview documentation 

The sample video output from a full-system test run in 
Figure 4 clearly shows the peak of system activity as it is 
being halted by Zurga’s entrance. This is a critical moment 
for interaction of the various sub-systems. The extent to 
which documentation for the system details the interfacing 
required to implement such interaction can be determined 
from examining appropriate excerpts from that documenta- 
tion. The appropriate segment from the narrative descrip- 
tion (libretto) is shown in Figure 5. The audio systems 
violin I source code listing (concert master’s part score) is 
shown in Figure 6. And the audio systems master source 
code listing is shown in Figure 7. Since vocal code is included 
in the master listing, since space is at a premium, and since 
the opening illustration, Figure 1, includes a typical example 
of vocal source code, none is presented in this section. As 
Figure 1 shows, no information on interfacing beyond that 
also carried in the master code is carried in the vocal code. 
Its unique component, rather than interface information 
generally, is the piano code which can be used during test 
runs to simulate or “stub” in for the orchestra. 

At the point where Zurga commands a stop (Arretez) to 
the villagers’ frenzied desire to slay the guilty couple, signif- 
icant changes must occur. 

The music must change from frenzied chorus to dramatic 
and isolated solo command. The activity on stage must vir- 
tually halt. The lighting and orchestra sub-systems must 
create a sharp change in mode. Figure 6 and Figure 7 dem- 
onstrate that the documentation carries extensive interface 

Figure 4: User video output 



Figure 5: Narrative Description 
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detail for the audio system. The exact words of each singer, 
the exact pitches and rhythms of each audio system per- 
former’s notes are clearly specified. The dramatic change in 
mood is specified by the change in tempo at the double bar 
line in both source code listings’ by the specification that 
every instrument and voice sound at full strength, once and 
only once, at the change of tempo; and by the specification 
that Zurga execute six notes in grand isolation immediately 
thereafter, while the instrumental sub-system remains in a 
wait state. The exactness of this interface between audio 
sub-systems is emphasized by the handwritten additions 
to documentation visible in both Figure 6 and Figure 7. 

However, audio sub-systems interaction is only one form 
of interaction in the Pearl Fishers system. This scene cer- 
tainly presupposes many decisions about interfaces between 
lighting, stage settings, and singer movements. Yet the 
documentation presented contains little or no specifications 
regarding such interfaces. We do find action specification 
stubs such as (“Surga parait tout a coup au fond du theatre”), 
in Figure 7, but these are little more than can be readily in- 
ferred from the larger context provided by the singer’s 
words. What the project team might most like to know is not 
even mentioned. What are the villagers to do when Zurga 
makes his dramatic entrance? What stage setting would 
maximize the impact of the entrance? Where should the 
guilty couple be located when the entrance begins and where 
when it ends? How should the lumination change during 
this critical moment? Not one of these questions is resolved 
in any way by the “Zurga appears suddenly at stage rear.” 

Thus formal documentation for the system carries con- 
siderable detail concerning the audio system but little con- 
cerning anything else. This is particularly noteworthy be- 
cause the documentation is so extensive. The audio systems 
master source code listing alone runs to over 300 pages for 
the Pearl Fishers; the audio systems vocal source code listing 
to over 200 pages; the narrative description to over 30 pages; 
and the audio systems instrumental source code to over 15 
volumes of 30 to 40 pages each! 

PART FOUR: MAKE-SHIFT DOCUMENTATION/ 
A PRODUCT OF CUSTOMIZATION 

In complete contrast to documentation for the audio 

system, that for video is make-shift and varies widely from 
sub-system to sub-system. Each video sub-system must go 
through a whole process of obtaining interface definitions; 

Figure 6: Audio systems violin I source code excerpt 
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Figure 7: Audio systems master source code excerpt 

of developing tailor-made documentation concerning these 
definitions and anything else requiring common understand- 
ing across sub-systems; and of using the documentation to 
implement its sub-system (note: this documentation may not 
even be written down at all). Despite the differences between 
sub-systems, the salient elements in this process may be 
grasped by looking at the example of any single, particular 
sub-system. Such an example also illustrates why such docu- 
mentation remains informal and why the collection of video 
sub-systems are custom components in every system which 
NYLOC implements. The remainder of this section is 
therefore devoted to the example of the lumination sub- 
system in the NYLOC Pear] Fishers implementation. 

The lumination system manager had 18 lights to use. One 
could be used as a hand-held spot but all the others were 
mounted high out of reach and, once adjusted for direction, 
could not be re-targeted without manually accessing them 
from a ladder. Though the aim could not be dynamically 
altered during a run of the system, the brightness of each 
light could be, since each was connected to a separate dial 
on the lumination system dimmer panel. 

Using this hardware, the lumination system manager 
based her creation of the Pearl Fishers lumination on four 
things: (1) early conversations with the video systems super- 
visor about his overall conceptualization of video output 
from the system; (2) her own recollections of work on an 
earlier implementation of the Pearl Fishers at a different site; 
(3) open-time opportunities to test each light in the system; 
and (4) observation of preliminary test runs of this version 
of the system. 

She used (1), (2), and (4) to create a catalogue of interface 
points where lumination would help to define the interface 
both for other sub-systems and for the users. It consisted of 



Figure 8: Preliminary lumination catalogue entry 

34 entries describing the action occurring at the interface 
moment. The entry for the dramatic moment discussed in the 
previous section is reproduced in Figure 8. 

She used (3) to number each light and create a table which 
would show, opposite the number for each light, the target, 
color, and other salient characteristics of that light. She then 
used this table and her catalogue during a final full-system 

.test to create a final catalogue of working interface descrip- 
tions for lumination. As with the preliminary catalogue, this 
final one had 34 entries. This one, though, showed the exact 
lights to be used for each interface and the exact brightness 
for each light. Entry 22 for this final catalogue is reproduced 
in Figure 9. In that figure, the single digit numbers on the 
left are light identification, the double digit numbers on the 
right are brightness specifications. 

It should be clear from this example just how customized 
this portion of the overall system is. The physical constraints 
alone would vary considerably from one implementation to 
another, rendering any but the most general interface docu- 
mentation on lighting useless. Moreover, as the examples 
from the audio system in the previous section showed, there 
is no guidance as to where any of the singers should be on 
stage at any particular time nor any exact specification of 
the sets which must provide the on-stage context for these 
singers. Since all these would enter into decisions about 
which lights should be aimed where and when, no specifica- 
tions of lumination could be meaningful without such details 
about the other video sub-systems. 

PART FIVE: CONCLUSIONS 
The discussion of the New York Lyric Opera Company as 

a project team suggested that, like software implementation 
project, the production of an opera involves a mixture of ap- 
proaches, including both top-down and bottom-up pro- 
cedures. The discussion of documentation used in NYLOC’s 
implementation of Bizet’s Pearl Fishers suggested that the 
opera implemented is a system which depends on both off- 
the-shelf and custom components. It also suggested that the 
distribution of these two component types very much fol- 
lowed the pattern suggested in the project analogy — off-the- 
shelf components went into implementing the audio system 
and custom components went into implementing the video 

system. This pattern existed because the audio system de- 
pended on standard hardware (voices and instruments cap- 

able of standard output) while the video system had to be 
built upon variables which changed with every implementa- 
tion of the system. 

What does all this suggest about opera and computing? 
Certainly that the two activities have far more in common 
than popular stereotypes of either would imply. And this 
paper has examined only a few parallels — there are many 
more worth looking at. Long range planning, debugging, 
backup procedures, and iterative problem solving would all 
be interesting and would probably suggest further similarity 
between the two activities. Those who like opera and like 
computing may wish to explore some of these other parallels. 
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What about the wider implications? For those who find 
opera of little interest, the basic approach discussed in this 
paper may be applied to other human activities. For example, 
the systems analysis class undertook other assignments as 
well as the Pearl Fishers one. They looked for parallels to 
system concepts in Defoe’s Robinson Crusoe and turned up 
some very interesting ones. Then they went further afield 
and looked for analogies in an activity of their own choice. 
The papers they produced in that final effort suggest the rich 
lode waiting to be mined. They found parallels to com- 
puting systems work in such diverse enterprises as: incubat- 
ing chicks, giving birth to a child, learning to ski, playing a 
season of football, and preparing a family-reunion Thanks- 
giving dinner. 

Finally, whatever else one can say about this sort of pursuit 
of computing’s fringe benefits, three things are clear. First, 
successfully calling attention to parallels between comput- 
ing and other significant human enterprises should weaken 
the popular misconception that “computer people” engage 
in some sort of esoteric, mechanistic enterprise, whose 
methodologies have no analogue in other human activities. 
Second, it should also demonstrate one of computing’s most 
significant contributions to general education — it rewards 
the discovery of previously concealed similarities and rela- 
tionships. Third, the process of looking for such parallels is 
both instructive and just plain fun! 

Bibliographical notes 
Since this system is not implemented often, documenta- 

tion is sometimes difficult to locate. Since the opera is old 
and not frequently produced, copyrights have lapsed and 
pirated editions have been produced. Sample audio output is 
also limited. Libretti in various forms are available with 
recordings or in libraries. They too tend to have no coy- 
right and in some cases no extent publisher. If you wish to see 
a score, look for the Choudens edition under the title Les 

Pecheurs de Perles or the Kalmus version under the title 
The Pearl Fishers. & 
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Figure 9: Final lumination catalogue entry 



The Digital Computer: Orchestra or Composer's Assistant? 

by Arthur Layzer 

There are two distinct uses of the digital computer in 
music today: the first is to help write a score that can be 

played by either artificial means or by ordinary instrumental 
performers; the second is to actually synthesize the musical 

sound from a score-like specification without the in- 
termediary of an orchestra or conventional sound studio 

equipment. After ten or fifteen years of exposure to these 

uses of the computer, most people still regard them as 

rather exotic. 
These applications of the computer are in fact like 

separate magical tricks. The production of sound by the 

computer out of numerical specifications may be compared 
to a sleight of hand trick. The trick can be explained. Once it 
is explained there is no more magic and everything seems 
straightforward. The programming of a composition on the 
other hand is a trick of a very different kind. The difficulty is 

in understanding how something of aesthetic value can be 
created from such drab materials as algebraic transfor- 
mations, random choices and Fortran do-loops. Perhaps, in 
fact the trick need have no rational explanation. It might be 
an illusion, like the Indian rope trick. After all, the aesthetic 

experience itself may be completely an illusion. We of 

course all hope that it is a benign one. If the aesthetic 
experience is an illusion then presumably it is enough to 
demand of a programmed composition that it produce the 
illusion in some listeners. Now, it is known that some 
programmed compositions have created the illusion of art 
among some people. The body of experience in this area is 
however still not large and | concede that there are serious 
questions of principle. To be on solid ground | shall talk 
mostly about the sleight of hand trick — the synthesis of 

musical sound by the computer. 
If you analyze the production of sound by a conventional 

orchestral instrument like a saxophone for example, if you 

analyze it from a rather strange perspective you might 

realize that two functions are combined in one piece of 

hardware: the actual physical! generation of sound waves by 

the air resonances inside the saxophone and the struc- 
turing of the air column by the holes and wall-shape of the 

saxophone which determines these resonances. Of course, 
| count the reed, the air and the saxophonist’s fingers as 
part of this hardware. 

In an electronic studio producing tape-music the situa- 

tion is more or less similar from this point of view. There isa 
collection of oscillators with dials. The outputs of the 
oscillators are mixed together or serve as controlling 
voltages for other oscillators. The end result is a voltage 
output fed to the input of a tape recorder. Inside the tape 
recorder the electrical wave form is copied or translated into 

magnetic impressions on the tape. The tape is a stored 

record of the electrical wave-form and on playback the 
magnetic impressions on the tape are again rendered into 

electrical impulses which this time drive speakers which by 
their mechanical vibrations produce the final sound wave. 
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Compared to the saxophone, there is the addition of 
various copying and translating stages. But just as in the 
saxophone the structuring that determines the musical 
properties of the final sound wave is embedded in the 

hardware, in this case the hardware of electrical! circuits 

and the associated dials. 
In the digital computer synthesis of music, the structuring 

inherent in the musical sound is completely separated from 
the hardware implementation associated with the final 

sound wave. The structuring is achieved by mathematically 

schematizing the relevant aspects of electronic oscillators 
and their coupling through Fortran-like programming and 
then outputting a sequence of numbers on a digital! tape. 
The sequence of numbers is to be interpreted as a uniform 
time-sampling, at a certain rate, of the amplitude of the final 

sound wave, conveniently normalized. The digital tape is 
later scanned at a speed that corresponds to the assumed 
sampling rate by a standard piece of apparatus called a 

digital to analogue or D to Aconverter, which translates the 
sequence of numbers into a timed sequence of electrical 
impulses which are then fed into the input of an ordinary 

tape recorder. The rest of the process is then similar to the 
electronic studio case. 

Historically, the first successful and comprehensive 
music synthesizing design along these lines was carried 
out by Max Mathews and Joan Miller at Bell Laboratories in 

the early 60's. This was a remarkable example of technical 
ingenuity that combined programming art with an apprecia- 
tion of the electronic engineering aspects involved in 
obtaining a digitally structured counterpart to studio 
hardware equipment. Their first viable program was known 

as Music IV. A rather large number of improved 
modifications have appeared at various institutions across 

the country since that time. In addition, there has appeared 

a Music V version created at Bell Labs in 1968, this time by 
Mathews, Moore, Miller and Risset. 

A Personal Statement 
Though long interested in music and a good 

amateur clarinetist, | stayed away from computing for 
as long as possible, to my later regret. My major 
background is in theoretical physics and quantum 

mechanics, fields in which I’m still active at Stevens 
Institute of Technology. In 1967 | became seriously 
interested in computer music and audited a course at 

Princeton taught by Godfrey Winham. In recent years 
| have used the computing facilities at Bell 
Laboratories, Murray Hill where | am a resident 
visitor. Still more recently | became interested in 
computer animated poetry. The film ‘Morning 

Elevator’’ has been shown at a number of national 
conferences in music, literature and the arts, 
including the international conference on Computers 
in the Humanities at the University of Minnesota, July 

1973. I've been indispensably aided by the program- 
ming skills of computer scientists at Bell Labs. Dr. 
Joan E. Miller in particular helped me write the visual 
program for ‘Morning Elevator’ and in preliminary 
simulation with a minicomputer (DDP 24) before Iran 

the film off on the large GE (now Honeywell) batch 
system for handling movies, which used an electron- 
beam technique (Stromberg-Carlson) for exposing 
the 16mm film. 

Readers of Creative Computing wishing to corres- 
pond further with Prof. Layzer, can write him at 161 
W. 75th St., New York, N.Y. 10023. 



The Transposition and Composition 
of Music by Computer 

David B. Shmoys 

Manuscript writing and the transposition of music have 
long been regarded as tedious and cumbersome tasks. An 
efficient Computer program that performs these menial 
chores quickly would be extremely useful to musicians. In 
addition, aprogram to get the computer to compose music 
that is pleasing to the ear has long been sought. 

This project deals with an attempt to solve this problem 
using the Wang 2200 computer. | developed a program 
which converts alphanumber data describing musical 
notes into an acceptable musical score. Furthermore, | 
incorporated as a possible input, Mozart’s “Musical Dice 
Game” which produces a sixteen measure minuet by 
random selection from a stored set of measures. 
The program itself can be divided into three sections. 

The first section controls the drawing of the musical 
manuscript. The middle section transposes music any 
interval up or down. The final portion of the program is 
devoted to the composition of music using the work, 
“Muikalisches Wurfelspiel” written by Wolfgang Amadeus 
Mozart. The computer used was the Wang 2200 with 12k of 
core and a flatbed plotter. @ 
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David is now in 12th grade, in Huntington Station, New 
York. This project was shown at the NCC Compyouter Fair 

in NYC in June 1976. 
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David at the NCC student computer Fair. 
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My story starts off back in June of 
1975. Actually it goes back a lot fur- 
ther than that. Since the late 60’s, 
lve always had a time-sharing term- 
inal at home. But in the last few years 
my kids began to use the terminal for 
CAI, mainly drill and practice in 
mathematics and, of course, they like 
to play games. Obviously, this af- 
fected my telephone bill as well as 
sending the bill for time-sharing com- 
puter time through the roof. So, hav- 
ing seen some of the ads and articles 
about these new little do-it-yourself 
computers | decided that | would get 
one. In early ’75 the only one that | 
could get any significant information 
on was the ALTAIR 8800 so | decided 
to place an order for one. | ordered it 
around the middle of June ’75, and got 
it about 60 days later in early August. 
Then | decided that if | built it my- 

self and wrote up my experiences | 
would probably be a little bit biased. 
Since | certainly wanted to describe 
what it was like to build a computer 
system on the pages of Creative Com- 
puting | decided the best thing to do 
would be to find some unbiased out- 
sider, who had experience in both 
writing and computer systems. So | 
called my good friend Steve Gray, and 
said, “Hey Steve, | got this neat Altair 
8800 coming in a couple of weeks. 
How would you like to build it?” 

Steve, not to pass up a golden oppor- 
tunity like that, said “Sure, be happy 
to, I’ve got a couple of free evenings, 
some week-ends. I'll build it for you.” 
Well it probably took a little bit longer 
to assemble than either Steve or | 
had originally anticipated and com- 
pounding the task was the fact that | 
had ordered a fairly complete system 

around the basic Altair 8800: 8K of 
dynamic memory in the form of two 

4K boards, a serial input/output inter- 
face for a terminal and another input/ 
output interface for an audio cassette 
recorder as well as the CPU board 
itself. So that was our basic system. It 

took Steve many many hours to putthe 

In which Publisher Dave Ahl playfully describes the 
genesis and on-going development of a home com- 
puter system and Contributing Editor Steve North 
describes succinctly, but sometimes irreverently, some 
of the components in this and in his system. Beware! 
This could happen to you! 

Saga of a System 
whole thing together. His experiences 
are well documented in the article that 
appeared in the Jan/Feb 1976 issue of 
Creative Computing, “Building an 

Altair 8800”. 
A couple of months elapsed in early 

1976 when Steve’s job seemed to be 
taking precedence over his hobby; 
just couldn't spend an awful lot of 
time on the Altair and things were sort 
of in limbo. Then in March | took the 
opportunity to go out to Albuquerque 
to the MITS Altair convention and | 
saw in person for the first time a TV 
Dazzler. In fact, | saw several of these 

rather impressive little devices. | 
decided that was just the thing | neea- 
ed for my Altair so Harry Garland, 
President of Cromemco, and | had a 

conversation which culminated with 
me ordering a TV Dazzler along witha 
Bytesaver board to store programs for 
both the Dazzler and the Altair. They 

arrived just a few short weeks later and 
once again | entrusted them to my 
friend Steve Gray (who was probably 
getting a little tired of the whole thing 

_ 
Contributing Editor Steve North 

90 

by now). | asked Steve if he would build 
the Dazzler which he did (the Byte- 
saver | had gotten assembied for some 
strange reason). 
We then decided it was high time to 

get the system to a point where it was 
usable. After all, | still had the time- 
sharing terminal at home and | was 
still running up my telephone bill and 
bills with GE time-sharing. So | said, 
“Hey, let’s shoot for the National 
Computer Conference in June. Let’s 
get the Altair-TV Dazzier set-up run- 
ning with a little kaleidoscope pro- 
gram or some other catchy demo and 
show it at our NCC booth.” 

Well, about that time we discovered, 

as many other buyers of TV Dazzlers 
have no doubt discovered, that the TV 
Dazzler does not work with dynamic 
memory — it requires static memory. 
That posed a minor problem,so | took 

advantage of another acquaintance, 
Tom Kirk of the N.J. Amateur Com- 
puter Group, who happened to have a 
spare 4K static memory board. | bor- 
rowed it thinking, “I'll run with this 
one until | can get my own.” Tom 
probably has had some second 
thoughts about loaning me that mem- 
ory since it was not until November 
that he finally got it back. Which re- 
minds me of the story: when a visitor 
asked Mark Twain, “Why do you have 
so many books stacked on the floor 
and all over every room of your 
house?”, he replied “Because my 
friends won’t lend me their book- 
shelves.” 

In any event, we didn’t quite get 
the Altair, Dazzler, and other bits and 

pieces running in time for the Nation- 
al Computer Conference. The main 
reason was because of one of those 
“other bits and pieces,” in particular 
a little device called a Pixieverter. 
Now a Pixieverter is a small enough © 
device; it fits in the palm of your hand | 
and only costs $8.50 from ATV re- | 

unfortunately Steve’s | 
Pixieverter was acting up and at that — 
point | had not gotten one of my own. | 

search. But 



SAGA — Continued... 

What a Pixieverter does is convert low 
frequency signals put out by the Daz- 
zler, TV camera, or other similar de- 
vice to a higher frequency that can be 
fed into the normal antenna terminals 
on a TV set so that you don’t need a 
special TV monitor or don’t have to 
modify the TV set on the inside. 

Back to NCC. What to do? The ob- 
vious solution: call upon another 
friend. This time Bob Radcliffe from 
Hoboken Computer Works. | ex- 
plained, “Bob, I’ve got this exhibit at 

the National Computer Conference 
and I’m kind’of committed to showing 
a jazzy hobbyist computer system 
(along with a Tektronix 4051 on the 

other side of the booth to show that 
we're still legitimately involved with 
assembled products for the education 
market). How about loaning me a 
set-up?” Well, he very kindly did that 
and we had a very nice exhibit with a 
Hoboken Computer Works machine 
(an IMSAI 8080 in disguise) with a TV 
Dazzler running kaliedoscope. It 
turned out to be a real big attention- 
getter in our booth. 

However, back to our system. 
What was happening? Well, in fact 
not very much was happening and | 
decided, “Gee, it’s been a while. I’d 
like to see what my computer looks 
like. Maybe it’s about time that | take 
a look at it.” | figured that | had a 
little spare time on my hands and 

maybe it’s about time to take solder- 
ing pencil to hand. So | got the com- 
puter back from Steve along with all 
the other little bits and pieces. Lo and 
behold | discovered | really didn’t 
have nearly as much time to work on 
it as | thought so | got in touch with 
one of our prolific contributing edi- 
tors, Steve North, who had just gradu- 
ated from high school a few miles 
away from me. | said, “Steve, how 
would you like a nice little summer 
project to get this computer system 
running. There really shouldn't be 
much to it, it’s all assembled, it’s all 
checked out, it just doesn’t quite run 
yet. The first step is to get and build a 
Pixieverter of our own.” No problem. 

Steve built it and it seemed to work 

Dazzle Your TV With a TV Dazzler 
If your computer is dull and boring, and only blinks its 

lights and types number and letters, perhaps a TV Dazzler 
is for you! Physically, a TV Dazzler is two boards which 
plug into your Altair or IMSAI, connected to each other 
with a ribbon cable, and which drive a TV monitor or 
modified TV. The TV Dazzler generates (to simplify a bit) 
a color picture of your computer’s memory, similar to the 
VDM-1. But instead of generating characters, the TV 
Dazzler makes little colored squares appear on your TV 
screen. You can use it to create all kinds of interesting 
color graphics. 
The Dazzler uses high-speed direct memory access 

(DMA) to read the memory of the host computer and 
translates the information into a TV picture while at the 
same time the computer is executing a program. There are 
two output ports on the Dazzler, and one input port. One 
output port tells the Dazzler whether or not to display a 
picture, and if so, where the starting address of the 
picture is in the computer's memory. The other output 
port is used to tell the Dazzler what resolution to use, 
whether to generate B&W or color; and for high 
resolution, what colors to use (blue, green, and red are 

available). 

The Dazzler can generate a 32x32 element picture, 
which uses up 512 bytes of memory, or a 64x64 element 
picture, which soaks up 2K of memory. The Dazzler’s 
memory is not on-board, so you'll have to reserve some 
static memory in your system for it. 

Only two bits of the input port are used. Bit 7 goes low 
during odd lines, and high during even lines onthe TV. Bit 
6 goes low for 4 msec to indicate the end of a frame. 

In the normal (low) resolution mode each 4-bit nybble 
of memory represents one square on the screen. The 
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individual bits specify which colors and what intensity. 
In the high resolution mode, things get a bit trickier. Each 
byte represents which squares are on or off in a group of 
8 squares. To decide what colors and intensity to use, the 
Dazzler looks at the appropriate output port. To get full 
color in the high resolution mode, you have to interweave 
frames of different colors. But enough of that here; a very 
comprehensive set of instructions and technical descrip- 
tion comes with the Dazzler. 

The Dazzler board itself seems of better construction 
than most PC boards; it uses sockets throughout and goes 
together very nicely as long as you don’t have too heavy a 
hand with your soldering pencil. A simple test program is 
included for alignment of the Dazzler; however the align- 
ment is somewhat tricky since all the adjustments seem 
interrelated! Extensive troubleshooting hints are included 
in the manual; at this point we haven’t needed them— 
reliability has been excellent. 
There is already a fairly extensive Dazzler software 

library. Kaleidescope is a Dazzler simulation of something 
you can get in a 5&10 for 39¢, and LIFE is a version of the 
popular computer game for Dazzler graphics. Dazzlema- 
tion is used to generate animated Dazzler pictures (such 
as an endlessly pouring Martini), and Dazzlewriter is used 
to write alphanumerics on the Dazzler. This program 
seems a little cumbersome to use, because the Dazzler 
doesn’t have the resolution for getting many characters on 
a line. If you get an A/D with a joystick or two (such 
as Cromemco’s unit) you can run things like Dazzle- 
Doodle, which lets you draw color pictures on the Dazzler; 
a chase game; and a space war game (real space war, not 
Star Trek) to be reviewed in an upcoming issue of 
Creative. 



In any usable computer system, you need some way of 
getting people-oriented information out of the system. 

Quite often this takes the form of a hard copy device ora 
CRT terminal. If you have an 8080 based system with a 
100 pin bus, you have a third option — a VDM. The VDM 
board plugs directly into the system bus, and a cable 
runs off to a TV monitor. Although the VDM does display 
characters on a TV screen, it isn’t a CRT in the usual 
sense. In other words, you don’t send out characters to it 

one at a time, as you do with most computer terminals. 
Rather, the VDM is a visible page of memory. Each byte 
shows up on the TV screen as a corresponding ASCII 
character, both upper and lower case. Since ASCII uses 
only seven bits (and there are eight bits in a byte), the 
eighth bit is used to turn the cursor on or off at a partic- 
ular location. 

Since you can’t just send characters out to the VDM, a 
special routine is required to write characters out to the 
VDM’s memory (which is on-board incidentally — the 
memory for the picture doesn’t eat into what you al- 
ready have). This routine to simulate a terminal takes 
up about 1/2K of memory, but it lets you do things you 
can’t do with many CRTs. While characters are being 
written on the VDM, you can alter the speed of the dis- 
play by typing a number from 1 to 9. 1 is ultra-slow 
(about 1.5 char/sec), while 9 is equivalent to about 
2000 lines/minute! You can stop the VDM from display- 
ing more characters by hitting the space bar. Subse- 
quent depressions of the space bar cause characters to 
be displayed one at a time. Typing another number 
causes the display to continue at the desired rate. Typing 
control-A will turn the cursor on or off, depending on its 

Cromemco A/D 
Once you have a device like a TV Dazzler in your sys- 

tem, you may get tired of watching it play Kaleidescope 
all by itself for a few hundred hours. You'll probably 
want some way of playing a game with the Dazzler. Of 
course, you could use a regular keyboard for input, but 
joysticks lend themselves more readily to graphics, and 
can be used by children who haven’t learned to read yet, 
or by people who are put off by computers. Cromemco’s 
D+7A is a seven channel A/D; a set of matching joystick 
consoles is also available (you can buy one or both). The 
A/D itself is bipolar- that is, it accepts voltage as input 
in the range of -2.56 to +2.56 volts and digitizes it with 

Crom, 

—— 

Processor Technology VDN-1 
previous state. The display scrolls, which is much more 
readable than starting over at the top of the screen 
when it’s filled. 

With VDM also does several handy things with its on- 
board hardware. An output port is used to tell the VDM 
how many lines to blank at the top of the screen, and the 
address of the on-card RAM where the display starts. 
There are also some DIP-switches which permit you to 
select: 1) black on white, or white on black picture; 2) 
whether the cursors blink or not; 3) whether the control 
characters are visible or not; and 4) whether the screen 
is blanked to the end of the line on a carriage return, 
and to the end of the page on a vertical tab. An input 
port on the VDM has one bit which goes low if the output 
port wasn’t written to in the past .25 seconds. 

Unfortunately, there is no way to connect a keyboard 
to the computer through the VDM; you’ll have to obtain 
a separate interface for that. Still the VDM is useful as 
the only human-readable output device in a system, and 
perhaps even more valuable to someone who already 
has a hard copy device (save time, paper, and wear-and- 
tear on the ears)! 

Software with the VDM includes the standard term- 
inal replacement software, and patches for MITS 
BASIC. PTCo 5K BASIC and the soon to be released 8K 
BASIC have built-in VDM drivers. Raise a sense switch, 
and you have output to the standard terminal — lower it 
and the output goes to the VDM. There are also some 
VDM games we haven't had a chance to try out yet, in- 
cluding a realtime Star Trek game. Since all the char- 
acters on the VDM are directly accessable to the com- 
puter, it has the capability for some interesting graphics. 

and Joysticks 
sign in 40 mv increments. The A/D board also has a 
parallel digital 1/O port. 

The joystick consoles feature a joystick (of course), a 
speaker, and four pushbutton switches which can be 
read by the computer. Since two joysticks use only 4 
channels, you still have 3 channels left over for other 
miscellaneous things. Let your computer listen and talk 
to the real world! Construction of both the D+7A board 
and joysticks are outstanding as we’ve come to expect 
from Cromemco. While an A/D setup with joysticks isn’t 
the most essential thing you can plug in your computer, 
it does make your computer more fun. 
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fine. As a matter of fact, after a little 
poking around, fine tuning, putting in 
a capacitor here and there, and re- 
placing one of the integrated circuit 
bus drivers on the CPU board, finally, 
the computer got working along with 
the TV Dazzler. Great! Story finished. 
Well, not quite. 
Towards the end of the summer | 

made another mistake by going to the 
Personal Computing Fair in Atlantic 
City. | said “mistake,” however, it 

was not a mistake going to the show. 
What happened was that Harry Gar- 
land from Cromemco brought along 

his TV Dazzler along with a couple of 
joysticks and the mistake was that | 
brought along my kids and showed it 
to them. After that, the two of them — 

that is, the Dazzler/joysticks set-up 
and my kids — turned out to be in- 
separable. All three kids just went 
bananas over this system. So once 
again | decided this is something 
worth having (actually, my kids de- 
cided) and once again | placed an 
order for an analog to digital inter- 
face (this time assembled) along with 
two joysticks (yes, not one but two). 

They arrived in short order and | 
plugged them into the system. Recall, 
the Dazzler worked fine — it ran kalie- 
doscope just beautifully so one would 
expect that a preassembled A/D con- 
verter with two joysticks would also 
run fine and would produce little 
traces across the screen of the TV set 
when you moved the joystick appro- 
priately. But instead of little one dot 
traces when | turned the thing on | 
got great big gashes of color diagon- 
ally across the whole face of the tube. 
It took two minute movements of the 
joystick to cover the entire face of the 
tube with color. This was not quite 

what | had in mind thinking back to 
this little electronic etch-a-sketch 
which my kids were playing with in 
Atlantic City. What was wrong? Well, 
| didn’t know what was wrong so | 
called up Cromemco and said, “This 
thing gives me these gashes of color— 
what’s wrong?” “Well sir, we can’t 
really tell long distance but we can 
make a pretty good guess that you’ve 
got some ripple in the power supply so 
why don’t you put a big capacitor 
across the power supply and see whe- 
ther that works?” | said, thinking back 
to my days in radio/tv repair, “Does 
that mean a 35 microfarad capacitor 
or a 50 microfarad?” The telephone 
laughed at me and finally the en- 
gineer said, “No, it means something 

like, 10,000 microfarads.” 
Well, | rummaged around in my 

box of old electronic parts and found 
that | had a 350 microfarad unit but 
nothing like 10,000 microfarads. This 

created a small problem because 
10,000 microfarads aren’t available in 
your neighborhood Radio Shack store 
and anyway | wasn’t absolutely sure 
that that was the nature of the prob- 
lem. 
Anyway, right around this time also 

| had taken my system up to the 
Science Fiction Conference at Great 
Gorge Playboy Club where it proved 
to be the delight of all of the people 
with hangovers in the morning who 
couldn’t quite maneuver a bunny or 
themselves to their room the night be- 
fore. A fair number of the people who 
looked at the TV Dazzler kind of went 
away with dazzles in their eyes. How- 
ever, the point is that we experienced 
some minor problems up there due, 
apparently, to the fluctuating or low- 
er line voltage. So | said to myself, 
“Gee, | go to a lot of different trade 
shows and conventions. | should really 
have some kind of constant voltage 
power supply or an auto transformer 
or something so that this system can 
be easily transportable.” So | decided 
that perhaps a Parasitic Engineering 
power supply was the answer and 

placed an order for one. Back now to 
the problem of gashes of color across 
the face of the tube. Well, looking at 
what could have caused it, first of all 
the voltage used in they joystick 
mechanism is the +16 to -16 and it’s 
regulated down to 12 volts in the joy- 
stick but, of course, for the regulators 

to work you'd better start off with a 
little bit more than 12 volts. | put a 
volt meter across the terminals and 
while just the CPU was in | got a nice 
16-1/2 volts from the 16 volt power 
supply. Add a few more boards and it 
dropped down to 15-1/2 volts; more 

boards, 15 volts; then 14-1/2 volts; 

finally plugged in the two joysticks 
and all of a sudden the -16 volts had 
dropped down to -12.3 volts. Since 
-12.3 probably wasn’t being regulated 
to -12 very well by the Zener diodes it 
was pretty apparent that that was the 
cause of the problem. The +16 and the 
two 8 volt sources were still doing 
fine. | determined then that it would 
probably take a very simple fix of a 
12.6 volt filament transformer to re- 
place the 11 volt transformer (T3) in 
the Altair to fix the problem along 
with perhaps a larger capacitor than 
the 500 microfarad one in the -16 
voit power supply, say something like 
2000 or 3000 microfarads seemed 
about right. Just when | had reasoned 
all of this out, along comes a news- 

letter from the Denver Amateur Com- 
puter Group with precisely the same 
power supply fix suggested. That is, 
replacing transformer T3 with a 12.6 
volt filament transformer etc., etc. | 
could have put in this fix for about 
$2.69 for the filament transformer 
plus $1.25 for the capacitor from one 
of the surplus outlets but since l’d 
already blown $75.00 on the Parasitic 

Cromemco Bytesaver 
It seems to be becoming more popular to keep some 

programs on PROM, save thereby save yourself the 
agony of toggling in a bootstrap loader every time you 
bring up your system. The Bytesaver is a PROM board 

with a built-in programmer. It has room for 8K of (or 8) 

2708 PROMs. Unfortunately, we can’t even find 2708 
PROMs in the back of Popular Electronics, but Crom- 

emco sells them preprogrammed for $50. Does that give 
you a hint? The Bytesaver comes with a program called 
Bytemover on a PROM. Bytemover is used to transfer 
programs from RAM to ROM (for programming) and 
from ROM to RAM (so they can be run). By setting the 
sense switches, you tell Bytemover exactly what transfer 
to make. Obviously this gives you a very fast way to 
load programs into RAM (but not many of them). To 
program a PROM, you have to flip a switch on the Byte- 
saver board, and then run the Bytemover program with 
the proper switch settings. 

We really question the worth of the Bytesaver. It does 
program Erasable PROMS — which are much more 
flexible than the non-erasable type. But these EPROMS 
do not appear to be widely available. Since it takes big 

bucks to buy PROMS for the Bytesaver, you might con- 

sider a smaller PROM board, containing at least a boot- 
stap loader. On the other hand for “permanent” software 
(BASIC, a sort routine, favorite games, etc.) the Byte- 
saver might be just the thing. 
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Engineering power supply | decided | 
might as well go ahead with that and 
leave the Radio Shack/surplus vendor 
power supply fixes to other people 
who aren't quite so foolish with their 

hard earned money as | am. Actually 
|shouldn’treally say that because my 
justification for getting the Parasitic 
Engineering power supply was more 

because it provides a good source of 
constant voltage under varying input 
conditions rather than just to fix up 
the gash in the TV Dazzler/joystick 
combination. 

Meanwhile about the same time 

Steve North mentioned that the sys- 
tem seemed to be having some CPU 
problems. Steve had put a capacitor 

across two of the terminals in the CPU 
to get rid of some noise in the Dazzler 

image. It also seemed not to be per- 
forming adds up in the high registers 
correctly. So | wrote MITS about the 
problem and returned the CPU board. 
Well | got back a nice little note from 
MITS saying that the CPU checked 
out just fine and when it is used with 
MITS products everything would be 
ok but that they could not guarantee 
when it was not used with MI/TS 
products. They also performed the 

clock modification at the same time 
which was very nice of them. Unfor- 
tunately, when | ordered the Parasitic 
Engineering power supply | also 
ordered their clock fix kit which uses 
a somewhat different strategy of fix- 
ing the clock than the MITS kit. 

It’s pretty obvious that the direction 
that | was going with the Altair was to 
make it an analog device driving a 
graphics terminal of some sort, say a 
color tv set along with they joysticks. 
About that time! said to myself, “what 
happened to the original purpose of 
getting a Basic speaking computer to 
replace the time-share terminal link 

up?” It wasn’t hard to deduce that 
somehow my goals had been sub- 
verted along the way but that my ori- 
ginal goal was still worthwhile and 
therefore | really should have dedicat- 
ed a computer to speak Basic to my 
kids. Having read so many good 
things about other microcomputer 
chips such as the Motorola 6800, 
Zilog Z80, Intersil 6100 and so on | 
decided | really should have one of 
them. Further, having heard a lot of 
good things about the Southwest 
Technical Products 6800 kit | decid- 
ed to get one. But that is a subject for 
another story some time. 

Back to the Altair. Somewhere 
along the way | had to cure the prob- 
lem of static vs dynamic memory. It 
was eventually cured by getting an 8K 
static memory from Processor Tech- 

nology along with a video display. 

1 

Processor Technology 
8K Static RAM 

One static memory is as good as another, right? Well, 
when it comes to actually storing data, yes, provided 
that it is fast enough for the CPU, and doesn’t get flaky, 
or overload your power supply (everyone’s claiming low- 
power drain these days, but some are lower than others). 

The PTCo 8K does offer some extra frills though. All the 
ICs are socketed, a worthwhile feature. It has a dip- 

switch which permits you to select the starting board 
address in 1K increments. The 8KRA also has a plug for 
connection to a battery, so when you turn your com- 
puter off, the data on the board is retained. To be frank, 
we don’t know anyone who actually uses this feature, 
but it seems to be the “in” thing in memories nowadays. 
At least it’s there if you wantit... 

Assembling the 8KRA is a simple operation. You just 
solder IC sockets until you begin to see IC sockets even 
when your eyes are closed! As with all closely packed 
boards, you have to be careful not to make any shorts 
between traces while soldering. 

The 8KRA also comes with two test programs. One is 
for a system with just a front panel and an 8KRA, while 

the other is for a system with a terminal. The simple pro- 
gram tests all the words in the first 8K memory (except 
for the portion of memory the program itself is in, of 
course), and when it finds a bad word, quits, and stuffs 
information pertinent to the error (such as the address 
of the bad word, what the program tried to put there, 
and what it actually read back, etc.) in the first few bytes 
of memory. But, surprise! The program will always tell 
you your memory is bad, because the first address it 

checks in 8192 decimal, not 8191. While there are 8192 
words of memory on an 8K RAM, they start at location 
zero, not one. Someone goofed. Additionally, the ex- 
planation of what gets stored in the first few bytes of 
memory if there’s an error was a little muddled. The 
other test program prints out a neat little picture of the 
ICs on the board, with X’s for bad chips, and G's for good 
ones. Impressive! Show off to your family and friends! 
Despite the criticism, remember that unless you only 
know how to run memory checks, you're buying some 
well designed hardware, and not software with some 
minor ambiguities. 
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I’m not quite sure why | got the VDM 
other than the fact that it looked that 
the Altair was shaping up into some- 
thing that would use a television set 
generally for output and it looked like 
the Processor Technology video dis- 
play module had a lot of interesting 
performance characteristics. 

So at this point my system looked 
something like this: Altair 8800 CPU; 
8K Processor Technology static mem- 
ory; a Bytesaver board, TV Dazzler, 7 
channel analog/digital and two joy- 
sticks from Cromemco; an audio cas- 

sette interface and terminal input/ 
output boards from MITS which at 
this point weren’t doing much of any- 

thing, a Video Display Module from 
Processor Technology which also at 
this point was not doing much of any- 
thing, and a 4K dynamic memory 
from MITS (which at some place 
along the line | decided to upgrade 
with the new synchronous kit so it’s 
4K of updated dynamic memory 
which is doing absolutely nothing. 
The other 4K of memory was given to 
Tom Kirk in payment for the loan of 
his static memory over a rather pro- 
longed period of time.) The output of 
the TV Dazzler and Video Display 
Module both go into the Pixieverter 
which is a rather inconvenient opera- 
tion to switch from one to the other. | 
intend to try to make that a switched 
feature in the near future. The whole 
thing drives a small GE color TV set. 
Also | intend to hook up the cassette 
interface board to an audio cassette 
recorder and use BASIC on the sys- 
tem. | also intend to hook up the serial 
interface |/O board to some terminal 
as yet undetermined. (One problem 
of working for Digital Equipment and 
now for AT&T — at DEC | got hooked 
on a DECwriter which is a little bit 
out of my price league to put out for 
my own computer system. Now work- 
ing for AT&T I’m hooked on the KSR 
43 terminal which also is a little bit 
out of my price league. | guess I'll 
have to settle for something else, but 
at this point | haven’t decided quite 

what. 
Just a general note about trends in 

plug-in components of various manu- 
facturers. Since the Altair originally 
came out, an entire industry has 
sprung up to make Altair compatible 

boards and even CPU's. | can’t help 
but be very impressed with the qual- 
ity of these boards that are available 
from these other manufacturers and 
now from MITS itself, particularly 
compared to the original boards that 
came with that first Altair. The Crom- 
emco boards are absolutely beautiful, 
they’re double thickness, all gold 

plated contacts. The assembly instruc- 

Processor Technology 3P+S 
The 3P+S is a multipurpose |1/O board for use with 

both serial and parallel peripherals. Here’s what you 
get: 

1. Two parallel ports. These are standard TTL level 
ports, with data strobes (input) and acknowledge flags 
(Output). You might use a parallel port for interfacing a 
keyboard or optical papertape reader. 

2. One serial port. This port can be used to send serial 
data on either an EIA RS-232 channel (which modems 
and CRTs generally speak) or on a 20 ma current loop 
(which Teletypes usually speak). There are lots of jump- 
ers to select options on the serial port — jumpers for 
UART control (word length, parity, etc.), jumpers to 
select baud rate, a jumper to enable or disable the cur- 

rent loop, and jumpers to determine which (if any) of 
the EIA channels you send and receive on. 

3. A control port. A variety of flags can be jumpered 
to the control word for input to the CPU. These include 
flags from the parallel ports and, UART flags (such as 
Transmitter Buffer Empty, Received Data Available, 
and the error flags). 
When your computer is running, and wants to input or 

Output data, it can look at the appropriate bit on the con- 
trol word and determine if a particular device has data 
to be read in, or is ready to accept more data. The output 

from the control word can be jumpered in similar ways. 

Some bits can be used for software control of the baud 
rate and UART (so that, to change from one terminal to 

another, you’d change the program in the computer, not 
the jumpers on the board. Someone we know is using a 
3P+S in his Altair to run a totally programmable modem!) 

You can also jumper bits of the control word, both in and 
out, to EIA channels you’re not using for serial data, which 
is useful if your peripheral requires signals besides 

“Send,” “Receive,” and “Ground.” There’s even a peri- 
pheral control driver on the 3P+S. 

In all fairness, the 3P+S should be called a “2P+S+C” 
because it only has two parallel ports. The board seems 
reasonably well designed, and should be all most home 

computer owners need in the way of |/O interfacing, 
except for a mass storage interface (cassette or floppy 
disc). The only thing we could fault the 3P+S on is Pro- 
cessor Tech’s documentation. For instance, the manual 
never explains in one place what all the little jumpers 
really do. The manual does explain how to connect the 
3P+S to some common peripherals, but they even slip 
up in the instructions for creating an RS-232 interface, 
by neglecting to tell you to jumper the TBE and RDA out- 
puts of the UART to the control word inputs. Test pro- 
grams for the board are included in the manual, but the 
test program for the serial port seems excessively long 
to toggle in manually. It might be a lot simpler to write 
your own test program, and if you have difficulties try 
the one provided, since it does have some diagnostic fea- 
tures. Despite these minor inconveniences, the 3P+S is 
a good value, and most hobbyists would find it more 
useful than either a serial or parallel interface alone. 

Footnote: After finishing this article, we spent torturous 
hours trying to get the 3P+S to talk to a working TTY. 
The problem turned out to be documentation. Pins J 
and 8 on a connector are switched in a diagram. Al- 
though the manual has been recently corrected, ours 
wasn’t, hence 4 wasted hours. 

95 



SAGA — Continued... 

tions with the Cromemco peripherals 
were outstanding in their clarity and 
both peripherals ran without any 
trouble whatsoever. | have almost the 
same comment for the Processor 
Technology boards — they are very 
nice boards — gold plated contacts, 
heavy weight board and high quality 
throughout. Both Cromemco and 
Processor Tech use sockets through- 

out on their boards which | personally 
think is very worthwhile, particularly 
if you, like Il, have to replace an IC. In 
One case | had to replace the bus 
driver, in another the clock chip, and 
in still another, | had to replace a 

whole board full of IC’s when | up- 
dated the MITS memory from the 
Original to synchronous memory. It is 
just not a fun thing unsoldering IC’s. 
Southwest Technical Products make a 

very convincing argument for the fact 
that the IC sockets are just something 
else to go wrong with the system — 

bad contacts and so on — and have 
convinced most of their kit builders 
that these sockets are not necessary. 

They are probably correct, but on the 

other hand | would probably still lean 
toward sockets in the event that 
changes might be desirable at some 
later date. The Parasitic Engineering 
components can’t be directly com- 
pared to peripherals on a board since, 
of course, transformers, the clock IC 

and other parts for the Parasitic kits 
don’t use any boards. However, the 
quality of the components was very 
good throughout. (One minor problem 
with the Parasitic power supply was 
that it assumed that the capacitor C14 
in the Altair power supply was a 2000 
microfarad unit or above — maybe 
they’re thinking of late model Altairs 

— because mine was a 500 microfarad 

capacitor.) 

All in all, it has been quite an ex- 

perience — three people have been 

directly involved — myself, Steve 

Gray, Steve North,and many more in- 

volved on the periphery including 

some very, very helpful people at 

MITS and Cromemco who quite will- 

ingly spent time with me on the phone 
when | had some problems and tried 
to answer my questions and, in gen- 
eral, were very helpful. That’s a very 
impressive part of this whole industry. 

Recalling my days at Digital Equip- 
ment it was very much harder then, 

and probably still is, on the customers 

of minicomputers and larger main- 
frames. If a customer had a technical 

question and was trying to modify 
the equipment the first thing he’d 
hear is “Don’t.” The second would be, 
“It can’t be done.” Compounding it all 

Tarbell Cassette Interface 
For some time now, a cassette tape standard known as 

the Kansas City/Byte standard, has been in use in 
amateur computing. While this standard can be used 
with cheap recording equipment, it does have the dis- 
advantage of being slow. With the Kansas City stan- 
dard of 30 bytes/second, it takes 4 minutes to load 8K 
of memory. That’s a long time to wait every time you 
bring up BASIC or some other software of that size! 

The Tarbell cassette interface is also compatible with 
cheap recording equipment, but it can read and write 
data at 187 bytes/second. That means you can load 8K 
of memory in 43 seconds! Furthermore, if you’re the 
adventurous type, you can try to modify the interface to 
run a 540 bytes/second, although you might find your 
bargain basement cassette recorder isn’t quite up to the 
job. Tarbell is still recommending exchange of data at 
the 187 bytes/second speed. 

The kit itself is fairly simple to assemble, it’s just a PC 
board with 30 or so ICs, some discrete components, and 
a few jumper wires. The cables that are used to connect 
the interface to a recorder are also included. To adjust 
the interface, you just plug it into the computer, hook up 
the cassette recorder, turn everything on, and play a 
test tape consisting of nothing but sync bytes (E6 hex). 
You then twiddle a trimpot until a LED on the board 
comes on, indicating that sync bytes are being received. 
That’s it. 

The manual that comes with the kit includes instruc- 
tions, recommendations on what kind of recorder to use, 

operating instructions, bootstrap and output programs 
with checksum, an example of how to use the interface 
under control of a BASIC program, instructions about 
how to modify the interface for computer-controlled 
start-stop, and patches for CLOAD and CSAVE in BASIC. 

Tarbell also markets two software packages: a chess 
program we weren’t able to review, and a modification 
of Processor Tech’s Software Package #1, an assembler/ 
text editor/monitor. Tarbell’s modifications permit you 
to write both source and object code out to the interface, 

and then read the code back in or check what you wrote 
for validity (so you won't save a big program and dis- 
cover that the recording was bad and you’ve lost the file). 
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A tape of the software is $5 and a manual with a source 
listing is $5. 

Obviously having a cassette interface that runs that 
fast and isn’t expensive (depending on your point of 
view) is nice, but there are a few problems. First of all, 
there have been some complaints of problems with get- 
ting the interface to work. You're not really taking a risk, 
though, since Tarbell will repair the board free of charge, 
or refund your money, within 90 days. Another thing — § 
you can’t just write characters or code out to tape, and 
then read them back in. Whenever you write out a block 
of data, you have to first send out a start byte, then a 
sync byte (E6 hex), and then all the data. You don’t have 
to bother with these control bytes when reading data 
back in — just reset the interface by sending a 10 hex out 
to the control port, and start reading. Also, since the inter- 
face is a synchronous device, with data being sent out in 
blocks, you can’t do too much processing in between writ- 
ing characters out- under 5300 instructions. Under most 
circumstances that wouldn’t be a problem anyway; and 
if you do have to do a lot of processing, as in BASIC, you 
could always put all the data you wantto record ina buffer 
and when you’re done processing, write all the data out to 
the cassette at once. 

The last problem is that there really is no cassette tape 

standard, with people using the MITS cassette interface, 
Byte standard, and Tarbell. But most software is available 
on Intel format papertape. If you have a friend with an 
8080 based system and a papertape reader, you could 
always try to get him to copy whatever software you buy 
to a Tarbell cassette tape. Actually, the computer store | 

frequent (Computer Mart of NJ) is willing to sell you soft- 
ware on one of the usual mediums, and then copy it onto 
your own cassette. 



SAGA — Continued... 

was the fact that he probably couldn't 
reach the right person to talk to any- 
way. About the best you could do gen- 
erally was to talk with a sympathetic 
field service technician who may not 
always be as knowledgeable as the 
customer himself. At DEC, we cer- 
tainly had a number of customers that 
fell into that category. The general 
feeling was, “Oh, you'll void the 
guarantee,” or “You'll screw up the 

system somehow and we can’t be re- 
sponsible and stand behind it if you 
do that.” Well that may be quite true 
for the’ mini and mainframe manu- 
facturers. But | think it’s heartening 
that people working for the manu- 
facturers of the microcomputer kits 
and peripherals and virtually every- 
one that I’ve come in contact with in 
this fledgling hobbyist industry is 
openly helpful. Although you occa- 
sionally get notes back as | did from 
MITS saying that it works fine with 
MITS products and so on, for the most 
part people are thoughtful and re- 
cognize that you’re not going to use 
all the products from just one manu- 
facturer in assembling a system — 
that’s just not the nature of the hobby- 
ist computer user. (| use the term 
“hobbyist” here very loosely because 
I'm including anyone who is building 
a paicroprocessor unit whether he’s 
building it for a small business, for a 
school or just for fun at home). 

If there’s one area that the hobby- 
ist computer manufacturers fall a bit 
short in it would have to be the area of 
documentation. The supporting docu- 
mentation and checkout programs 
are, in many cases, very weak. In fact 

there is nothing with the Altair that 
| would put in the category of a diag- 
nostic program; for example, some- 
thing that checks every single bit of 
memory, turning it on and off, and 
then giving a check sum or diagnostic 
at the end. At Digital Equipment, field 
service technicians and software sup- 
port people were armed with a case 
full of diagnostic and checkout pro- 
grams for every single component in 
the system. This is severely lacking in 
many (most) of the hobbyist computer 

kits or peripherals I’ve seen to date. 
Consequently at this point there’s a 

great necessity for clubs — the Ama- 
teur Computer Group of New Jersey 
of which I’m a member — or any one 
of the other several hundred com- 
puter clubs across the country where 
hobbyists can learn from the ex- 
perience of one another what works, 

what doesn’t work, what's likely to 
go wrong. Good old-fashioned trouble 
shooting techniques are also very © 
practical. Fortunately a computer is a 
very logical device by nature and, in 

Parasitic Engineering 

Parasitic Engineering sells two fix-kits designed to 
alleviate bugs in the original Altair 8800. One of these is 
a power supply kit, which uses a constant voltage trans- 
former and high-current rectifiers. Unlike a linear trans- 
former, a constant-voltage transformer, with the help 

of aspecial winding and a capacitor, maintains aconstant 
voltage at the secondaries while the primary voltage can 
range from 90 VAC to as high as 140 VAC. To install a 
Parasitic power supply, you have to remove the back 

panel, and disconnect the power supply wiring. After 

replacing the original Altair P/S transformers with the 
big fat C-V transformer and capacitor, you have to do 
some minor surgery on the power supply board to in- 
stall the high current bridge rectifiers. All that remains 
then is to reconnect all the power supply wiring. We 
found it necessary to install a Parasitic Power Supply in 
our Altair when we found that it didn’t have enough 
muscle on the -16v bus with a full card cage, particularly 
with dips in the line voltage. The Parasitic Power Supply 
is rated at 12 amps at 8 volts, and 2 amps at +16v. Not 
quite an IMSAI power supply, but adequate! (Note that 
the writer enjoys taking jabs at the Publisher’s Altair.) 

Parasitic also sells an Altair clock fix kit, which prom- 

ises to do everything but debug your programs for $15. 
Since some early Altairs seem susceptible to clock sync 
problems, you might find it worthwhile. De-installation 
of the existing clock IC on the CPU board, installation 
of a 94618 in its place, as well as some cutting of old 
traces and replacement of a handful of resistors and 
capacitors takes an hour or less to do. 

What we really want to know is, why did they name 
their company “Parasitic Engineering?” 

fact, is fairly easy to diagnose by 
simply tracing back through the cir- 

cuitry and identifying what compon- 
ent or components are likely to be at 
the cause. (That’s how | identified the 
bus driver IC that was malfunction- 
ing in the Altair. It was simply a mat- 
ter of going from one schematic dia- 
gram to another and tracing all of the 
components that had some influence 
on the signal, then trying combina- 
tions and seeing which things worked 
and which things didn’t. Finally it 
narrowed down to just one com- 
ponent. Of course, it was not the en- 
tire bus driver that had burned up but 
just one of the gates). 

This computer system which seems 
never to be quite finished is probably 
quite typical of most hobbyist/school 
microcomputer kits. Speaking for my- 
self (and not necessarily for Steve 
Gray or Steve North, who actually 
had the burden of construction on. 

their shoulders) it’s been a real ball. 
And in the future, even though the 
self-contained black boxes are on the 
way, | look for increased fun as well 
as challenges from my system(s). @ 
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Addresses 

Here are the names and addresses of the manu- 

facturers mentioned in the above article. 

MITS, Inc. 
2450 Alamo S.E. 

Albuquerque, NM 87106 

(505) 243-7821 

Cromemco 

2432 Charleston Road 

Mountain View, CA 94043 

(415) 964-7400 

Processor Technology Corp. 
6200 Hollis Street 
Emeryville, CA 94608 
(415) 652-8080 

Tarbell Electronics 

20620 South Leapwood Ave., Suite P. 
Carson, CA 90746 

(213) 538-4251 

Parasitic Engineering 
P.O. Box 6314 
Albany, CA 94706 

ATV Research 
13th and Broadway 
Dakota City, NB 68731 
(402) 987-3771 

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



LL LI TEE LET ON I, 

In which our publisher dons his 

reporter's hat and wanders around the 

Faire talking briefly to various and 

sundry people. Here it is: the color, the 

noise and the pagentry—unabridged 

and practically unedited! Are we for 

real? Judge for yourself. 

The First West Coast 
Computer Faire 

It's 3:30 Sunday afternoon April 17, 
1977 and|'m standing here at the main 

entrance to Brooks Auditorium. Abso- 

lutely gorgeous sunny blue-sky day 

outside but not many people are looking 

at the outside weather. In fact the park 

across thestreetis virtually deserted.On 

the other hand, the entrance here to 

Brooks still has a line of people at the 

ticket window buying tickets for the first 
West Coast Computer Faire here in San 
Francisco. It first opened yesterday 

morning at 9 o'clock. At 8 o'clock in the 

morning the line waiting to get in was 

three-quarters of the way around the 

block. As of noon on Saturday 8,000 

people had been admitted. Badges and 

programs had virtually run out andthere 

was amomentary crisis. Anewsupply of 

both were obtained, the lines resumed 

inching forward, and the crowds 

continued well into the afternoon. 
Today there were probably another 

3,000 to 4,000 that weren't in the Faire 

the first day, thus bringing the total 

attendance to this first West Coast 

Computer Faire to 12,000-plus. (Official 

Peace and quiet Friday before the show opened, and 

time to finish a few signs 

David H. Ahl 

attendance was announced at 12,657.) 

As | walk into the main exhibit hall, 

both eyes and ears are assaulted with a 

variety of sounds. A number of music 
and speech synthesizers are all playing 

and talking at once. In addition, many 

people have displays using Advent 

projection-tv devices so that there’s a 

virtual kaleidoscope of colors and 

sounds throughout the exhibit hall. This 

late in the day it’sstill difficult to move up 

and down the aisles. The aisles are 

crammed wall to wall, with four to six 

people deep around each booth. | found 

earlier it took an average of 15 minutes 

to get into a typical booth to talk to 

anybody in depth. There are approxi- 

mately 140 booths in the main 

convention area and another 30 booths, 

actually mini-booths, around the 

outside of the main room—175 exhibi- 
tors in all. 

I've just spotted Jim Warren, organ- 

izer of the whole show. In your own 

words Jim, how would you describe it? 

Warren: A mob scene. 

Ahl: A little overwhelming. What's the 

estimated attendance? 

Warren: Yesterday evening we had in 

excess of 8,000 people and we've 

probably gotten another couple of 

thousand today. There’s been a fairly 

steady stream through the ticket booths 

today so! would guess that we re pretty 

close to 10,000 people which ts really 

pretty much what we expected. [As 

noted earlier, actual attendance was 

over 12,000.] But 10,000 asanumber is 

very, very differentthan 10,000 walking, 

talking computer freaks. That's for sure. 

This was amob scene. | think 95 percent 

of the people were just excited and really 
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had a good time and it has really been a 

good day. It’s also very definitely been 

actively characterized as a home-brew 

convention. That is, it was a convention 

which was home-brewed. We had a lot 

of various problems which we justdidn't 

know what to do about, but | think we've 

learned a lot this time. But | think 95 

percent of the people who have been 

here have been really excited over it. 

Ahl: Are the exhibitors pleased? 

Warren: As far as | can tell, almost 

everybody is really pleased. With the 

imperfections in the operation that 

we've had, people have nonetheless 

been patient and calm and seemed to 

enjoy what they were doing and even 

enjoying standing in line coming in just 

reading the programs andreading a copy 

of the Silicon Gulch Gazette. 

Ahl: Are you planning to make it an 

annual event? 

Warren: | don’t know. Probably so. It 

would be terribly wasteful for us not todo 

itat least one more time because there’s 

been such a tremendous learning 

process this time. For five months we 

ro a 
One game of Tank War soming right up.” 

Cromemco’s Z-2 system was a major attraction at 

the Creative Computing booth. 
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have been feeling, ‘By God | can't get 

~ enough help.” Youknow, there’sjusttoo 

much to do. And there’s been a 

tremendous learning period. We've 

learned so much nowas to howtoputon 

a good show that it would be very foolish 

of us to not do it again. It would be very 
wasteful. 

Ahl: Can you afford the time to do it 

again? 

Warren: With a year’s lead time, which 

we would have, possibly so. 

Ahl: As publisher of Dr.Dobbs, how do 

you justify so much time for the Faire? 

Warren: Dr. Dobbs has always been a 

part-time activity. I’m a computer 

consultant; | have been for about ten 

years, and it just So happens thatthelast 

five months I’ve been consulting for the 

Computer Faire, which happened to be 

my own company. 
Ahl: Will you make enough money on 

this to justify the last few months? 

Warren: | had a pretty low salary, based 

on an hourly rate. But the point of doing 

this wasn’t really to make money. | 

mean, back in the 60's we_ had 

happenings in San Francisco, and San 

Francisco was meant for that, and thisis 

just another variation on it except it’s a 

decade later. Back then it was power to 

the people and now it’s computer power 

to the people. 

Ahl: Thanks, Jim. 
As | walk through again to the exhibit 

hall, my eyes andears are assaulted with 

sounds and sights. And people! It’s wild! 
Here at the beginning of the 100 aisleon 
my left is the two-booth display of 
Polymorphics Systems—a_ beautiful 

professional display. In contrast to that, 
right across the aisle, Component Sales, 

Inc. has abooth with polybags of all types 

of components, keyboards, chips, and 
even tape drives out on the counter. 

People are clustered around three deep 

and buying up everything they can get 

their hands on. Next to Polymorphic is a 

booth from Teletype Corp. which seems 

to indicate that even some of the large 

é, 
Continuous mobs during the two days of the show. Exhausting, but also exhilerating! 

and well-established companies are 

beginning to recognize the hobbyist 

computer market as a viable market. 

Teletype is showing the printer from 

Dataspeed 40 as well asthenewKSR43 
terminal and the old standby ASR 33. As 

| proceed down the aisle there is asmall 

one-board computer system from 

Western Data Systems. Across the aisle 

is a display from TSC Software showing 

tapes of compilers, interpreters, and 

game packages for the 8080 and 6800 
systems. Further down the aisle is 

Northstar Computers with their floppy- 
disc system, across from a display of the 

American Radio Relay League. Some- 

what surprising a little further on— 

Datamation magazine. So not only are 

large manufacturers such as Teletype 

Corporation represented, but large 

industry publications like Datamation, 

Computer Decisions, Mini-Micro Sys- 
tems are here too. 

Inthe corner atthe endofthe first aisle 

is a large booth put up by the Byte 

Shops—with an assortment of books, 

computer systems, and peripherals. In 

addition, many of the individual Byte 

Shops and other computer stores in the 
area have booths throughout the hall. 

Then another large booth of Jade Co. 

doing a landslide business selling 

electronic components. Looking up in 

their booth they have a big sign, hand- 
lettered, ‘Sunday Show Special - 10% 
off on every item on the table.’’ 2708 

PROMS turn out to be a big item and 

many companies are selling them here 

at the appropriate price of $27.08. 
Around the corner is a booth for E&L 

Instruments. Across the aisle from them 

is a display called the Body Microcom- 

puter, which is actually a long T-shirt 

being nicely shown off by some rather 
shapely girls in front of the booth, 

modeling it. 

Going down the 200 aisle we see 

booths from Motorola Semiconductor 
showing their popular 6800 chip and 

associated drivers and circuits. Nextisa 

Japanese display: Sord Microcomputer 
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Systems, who appear tohave acomplete 
microcomputer system with floppy disc 

andterminals. IEEE Computer Magazine 

has the corner display diagonally across 

from our own Creative Computing 

display. People at this point—it’s around 

four o'clock Sunday afternoon—are still 

three deep around the Creative 

Computing display. There’s a mob of 

young ten-to-twelve-year-old kids 

gathered around the Cromemco Z-2 
computer system running a new game 
called “Tank War’’—two tanks maneu- 

vering around on the screen, firing at 

each other with appropriate sound 

effects as the bullets hit the other tank. 

Some of them (kids, that is) have been 

there all afternoon and stillshownosign 

of losing interest. Cromemco very kindly 

loaned us a Z-2 system with TV Dazzler 

and two joy-sticks. We've been alter- 

nating between Tank War, Chase, and 

Space War all weekend the system has 
been completely reliable. 

Here's Howard Fullmer and Gene 

Nardi of Parasitic Engineering. (Parasitic 

is showing their Equinox 100 computer 

system for the first time here.) 

Ahl: What do you think of the show? 

Fullmer: It’s incredible, all the people 

we've had here. 

Ahl: Every time lve been past your booth 

there have been at least five people 

around it and I’ve had a heck of a time 
getting in to see your system. 
Fullmer: We really haven't had that 

much time to observe because we've 

spent all of our time over there talking to 

people. 

Ahl: What kind of people are you finding 
are interested in your system or what 

kind of people are you meeting here in 

general? 

Fullmer: Well, of course, all the dealers 

are interested in our new system. but 

also, we've meta lot of people who have 

never thought about computers and just 

came by to see them. They show a lot of 

interest in how to program one of 

these—what does all this software 

mean and what do! need to get going? | 

wanttowriteasimple inventory package 

for my business—how do | go about 

doing that? So, small-business people, 

hobbyists and a lot of curious novices. 
But just about everyone here is 

interested in a personal computer, 

deeply interested. 

Big companies were well represented atthe Faire. 



Ahl: Are people going to buy this year or 

consider? 

Fullmer: | think this is a faire of people 
who wanttodosomething now—they re 

not all waiting for the $500 Commodore. 

They're a lot more together than that. 

They understand that there are a whole 

lot of different ways to go and they're 

looking at all of the ways. 

Ahl: Are you having a good reception to 

your new system? 
Fullmer: Oh absolutely. 
Ahl: Do you think you're really going to 

get off the ground? 
Fullmer: Yes. The kind of comments 
we've overheard are people saying, 

“You've got to get over and see that 

one!” 
Ahl: So you think it’s going to be a 
different kind of magnitude than selling 
power supplies and clock-fix kits. 

Nardi: Yes, definitely! 

Ahl: Can your production line keep up? 

Nardi: Ask me after sx months, but we 
obviously think wecanor we wouldn'tbe 

doing it. 

Fullmer: We've built the company from 
literally nothing and it’s been just 
fantastic. 
Ahl: You're going to continue to call it 
Parasitic Engineering, right? Even 

though you're not parasites anymore. 

Fullmer: Well, we thought we'd call it 
the Equinox 100 by Parasitic Engi- 
neering so we can go either way. 

Ahl: Thanks, and good luck! Turning 

around who do| see but Ted Nelson. Ted, 
what do you have to say about this 

Computer Faire? 

Nelson: There seems to be alot of it and 

what I’ve seen has been choice. | think 

we've seen here that the computer 

world has suddenly broken in two. 

There’s the straights and a strange 

coalition of hobbyists and the most 

technically competent and ambitious 

people throughout the field. A remark- 

able coalition that is going to do 

remarkable things. 
Ahl: What do youthink of the speech and 

music systems around? 

Nelson: Just lovely! By the way, when's 

my comic strip coming out? 

Ahl: Next issue, May-June. Our printer 
is onstrike but we have another one and 

hope to have copies for the Trenton Fair. 

Turning around, who do | see, but Lou 

Frenzel of Heath. Lou, | see by your 

Vince Golden of Mike Quinn Electronics models a 

Godbout T-shirt 

teaser ad you're announcing a couple of 

computers and several peripherals. 

Frenzel: Actually three computers, 

depending on how you classify them. 

Two of them are definitely full-blown 

general-purpose computers; the other is 

not. The line of peripherals will be quite 

complete—naturally there'll be some 

missing gaps in the beginning but you 

can't do everything at once. 

Ahl: Will any of them be offered 
assembled? 

Frenzel: No. Trying to get a wired 
product approved internally is close to 

impossible. Not that itcan’t be done, but 

we're a kit company and that’s what we 
do best. 

Ahl: We're all looking forward to seeing 

your products too. 

As | continue down the aisle to my 

right is the Midwest Scientific Instru- 
ments booth. Jim Warren has just 

announced over the loudspeaker system 

that the top-dollar-value door prize, a 

floppy disc of Midwest Scientific, was 
just won so there's quite acrowd around 

the booth waiting to see the winner 

show up. Across the aisle is a display by 

Ohio Scientific Instruments with a 
beautiful color TV display, the OSI 
Challenger and floppy-disc system 

along with several other systems, all 
running andlooking quite handsome. As 

| continue further down the aisle—l’m 

having a little trouble getting through— 

there’s a huge crowd gathered around 

the Digital Group display on one side of 

the aisle and across the aisle Southwest 

Technical Products with an equally large 

crowd of people gathered around. As we 

continue on into the next aisle we find 

Apple Computer, once again with a 

beautiful display: an Advent projection 

TV device showing color graphics. Apple 

is demonstrating for the first time at this 

show the Apple Il computer system. 

Here’s Mike Markkula, Vice President of 

Marketing of Apple Computer. 

Ahl: Are you pleased with the atten- 

dance here? 

Markkula: Yes. 

Ahl: Wildly or just mildly? 

Markkula: In terms of numbers—wildly. 

but in terms of the reasons for their 

attendance, I’m not Sure exactly why so 

many people are here. An awful lot of 

them are just plain curious as to what’s 

going on. l’m Surprised that a lot of them 

spent the price of admission, but | think 

they've all enjoyed it. | expected a few 

more people ona higher knowledge level. 

l’m very surprised at the whole thing 

Ahl: | would guess the Apple II would be 

suited to the kind of people that came to 

the Faire. 

Markkula: Absolutely. 

Ahl: You've got essentially what you call 

a black-box computer. Self-contained 

You don't really have to know anything 

except how to hit a switch. What type of 

market are you aiming at? Somebody 

that wants to do programming, play 

100 

Constand crowds jammed the TDL booth to get a 

glimpse of newly revealed Xitan system. Donna 

Galleti of TDL talks with visitors to the booth. 

games or what? Anything specific? 
Markkula: All of the above andmore. We 
really want tobe the computer company, 

not the small-business computer 

company or something else—just the 

personal computer company! So that’s 
the reason you see a molded plastic 

case, BASIC in ROM, and so on. In fact 

we want to extend the whole concept to 

make it even easier to use. 
Ahl: | noticed that your demos use 

various types and even color graphics. Is 
that all in your BASIC? 

Markkula: It’s all inthe BASIC. We have 
COLOR EQUALS, PLOT ahorizontalline, 
PLOT a vertical line, PLOT a point, etc. 

Ahl: That’s some BASIC! What size is it? 

Markkula: 6K. It's an interpreter. It’s 

also got a feature that nobody else has. 
We can have variable names any length 

up to 256 characters. 

Ahl: |assume it has string manipulation 

and functions? 

Markkula: Yes, string functions and 
matrix manipulation. 

Ahl: What's the MPUchipinthe Apple ll? 

Markkula: The 6502. It’s the most 

efficient chip for what we re trying to do. 

Ahl: What would a complete Apple Il 

system require in terms of memory for 
the beginner? 

Markkula: 4K 1s more than adequate. 

Remember the 4K that comes with a 

standard minimum system is all user 

space because the BASIC is in ROM. So 

almost all of the 4K RAM its available for 

programming and data. 

Ahl: What would a system of that 

configuration cost? 

Markkula: $1,298. 

Ahl: Is that.assembled? 

Markkula: Assembled, tested complete 

with two game paddles and a complete 

carrying case so you can carry it 
around—all the cords and manuals and 

operating information. 

Ahl: The “paddles” are those things that 
look like joysticks? 

Markkula: Yes. You can hook up four 

paddles or two joysticks and pushbutton 

inputs. You can have all kinds of output, 

to a speaker for example. In fact, there's 

a speaker already on the board, although 

you can add four more in each of the 
paddle boards. 

Ahl: When 

deliveries? 
do you start making 



Howard Fullmer (left) and Gary Fitz (center) of 

Parasitic Engineering demonstrate the Equinox 100 

computer. 

Markkula:-The end of May. 
Ahl: Thanks, Mike. 

Continuing down the third aisle we 

find a huge triple booth of Byte 
magazine. Behind the table Virginia 

Peschke, the publisher, acting intherole 
of a salesperson. 

Ahl: Virginia, what do you think of the 
show? 

Peschke: | think the show is just great— 
marvelous. It’s dynamite. And my feet 
hurt. 

Ahl: | know what you mean! 

It’s very late in the life of the show— 

4:30 on Sunday afternoon and the show 

closes in just half an hour—and yet 
people are still three and four deep 

around every demonstration machineat 

the Processor Technology booth. The 
SOL computer is generating a lot of 
interest; one of them is hooked up to a 

music generator which is making very 

interesting sounds and generating a lot 

of enthusiasm among people attending 
the show. 

Walking by the Prime Radix Booth, 
one’s ears pick up the sounds of Handel 

and Bach coming out of a six-channel 
music synthesizer board just introduced 

by Prime Radix. 

Over in the next aisle we have 
People’s Computer Company and 

Dymax next to each other. Right next to 

them is Computalker Consultants who 

have a speech synthesizer playing a 

rather clever saying—‘‘Hello, I’m 
Computalker, the speech synthesizer 

designed to plug intothestandardS-100 
bus on your 8080 microcomputer.’ The 
Computalker allows a variation in the 

speed without altering the pitch of the 

spoken word. Avery interesting concept. 

Next is the Parasitic Engineering 

booth with the Equinox 100 Computer 
System—those were the people we 

were chatting with earlier of Parasitic— 
and people still at this point are gathered 

four deep around that new computer 

system. 
Continuing on into the next aisle we 

have Cromemco running very much the 

same games that we were running on 
our Z-2 system at the Creative 

Computing booth—tank war, space war 

and a chase game. Once again an army 

of young children playing these games 

on the dual joysticks. Continuing down 

the aisle we have anewcompany called 

Smoke Signal Broadcasting which has 
SWTPC 6800 compatible peripherals. 
Across the aisle ICOM with their mini 

floppy discs and right.next to them Micro 

Designs with a cassette recorder. Alittle 
bit further we have Galaxy Gystems with 

still another kind of music synthesizer. 

Across the aisle from them, Godbout 
Electronics with various types of 

components and S-100 bus peripherals. 

Next to Godbout is National Semicon- 

ductor with beautiful chrome fixtures 
and blue carpeted booth—once again 

demonstrating the commitment to this 

hobby by some of the very large 

manufacturers. 

A few moments ago | met Bob Davis. 

Bob is with Intel, Microcomputer 

division. His job is ““manager of hobby 

marketing and personal computer 

products.”’ So, a company like Intel, the 

leading chip maker, has a manager for 

the personal computing movement! 

Aha! 

At the end of the aisle is a company 
called Heuristics Inc. with anew product 

calledthe Speech Lab. The Speech Labis 

the first peripheral that permits a 
computer to recognize speech (for under 

$300!). 
Continuing on down to the next aisle 

we have a huge crowd gathered around 
the Mr. Calculator booth. This is the 

place where the rumored Commodore 

system is being shown. The $500 

computer with 12K memory, cassette 

and TV interface, and keyboard is self- 

contained in a small cabinet. lf the $500 
price comes true it would certainly be a 
revolutionary development inthe whole 

field. Approaching me now is Lou Fields, 

President of the Southern California 

Computer Society. 

Ahl: What do you think of the show? 

Fields: Well, | didn’t have enought time 

to see everything that | wantedtosee but 

| thought it was very good. 

Ahl: Did you attend the sessions? 

Fields: | attended some sessions. Butin 
terms of the sessions | really think the 

stimulation is getting to talk to people 

individually. You have the people around 

here who designed the equipment and 

who are the creators in this field and 

they're here at the booths. | think that’s 

enormously valuable in terms of the 

catalyst of this whole thing. 
Ahl: | assume that SCCS has pretty good 

representation here. 

Fields: Yes, I’ve seen a lot of our 

members. 

Ahl: How many members are there 

currently? 

Fields: We have about 8,000 members 

around the world. We have chapters in 

firms and communities in California and 

now many communities as well around 

the world including Mexico City and 
Tokyo. | think small-business applica- 

tions are going to be even more 

important out of the country then they 

are within the country. 

Ahl: You spoke of the members outside 

of California—how about the members 
in the Southern California area where it 

started? How many—what percentage of 
the membership is there? 

Fields: I’m not sure of the absolute 
numbers but | guess off hand that it’s 
probably about somewhere between 

2,000 and 3,000. 
Ahl: So of the 8,000 total, at least 5,000 
are scattered elsewhere. That’s very 

interesting. 

Fields: Yes it is, and of course our name 

is very misleading and we've been 

considering something that’s been more 

accurate. We did a poll this month to see 

View of the West Coast Computer Faire from above 
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After the Faire, the breathtaking California coast 

provided a welcome change of pace, particularly for 

the out-of-state visitors. 

what the members felt about that. Many 

of them feel we should change the name 
to something more appropriate, and | 
think we will. 

Ahl: | would think that many members 
outside of Southern California might be 

pleased to be associated with the SCCS 
name. 

Fields: Well, some of them are. Some of 
them find it charming andquaintbutalot 

of others are very annoyed by it and they 

have negative feelings that ‘‘Oh, 

Southern California is a junk society and 

we don't want to be involved with that.” 

So there are two sides tothe coin—there 
is the glamour and the fact that the bulk 

of the small computer industry is located 

in Southern California. 

But | think if you want to know where 

the most important area is inthe country 

for members and microcomputer 

activities I'd say Philadelphia. It’s not in 

California—it’s in Philadelphia. Draw a 

fairly small radius around the eastern 

states and you get two-thirds of the 

population of the United States. So on 
that basis, Southern California is 
insignificant. 

Ahi: However, we're probably not 

looking at the whole population - we're 

really looking at a demographic 

subsegment. 

Fields: OK - so there are a lot of ways of 
looking at it. The people active inthe field 

today are certainly clustered in 

California and half adozen other places. 

But interms of the real bulk ofthe people 
who are ever going to be active in this 

field, itis your area (East Coast)thatl feel 

has the most potential. You've got the 

bulk of the universities, the bulk of the 

menufacturing companies of all kinds, 

anc. the bulk of the people. 

Ahl: Well, you’reright. As the population 

at large gets drawn into the movement, 

yes, it’s certainly going to shift to the 

population centers. 

Fields: That’s inevitable. Itwill. Youhave 

something developing actively inagiven 

area because of afew individuals, really. 

It developed in the Los Angeles area 
initially because of the interest and 

actions of Don Tarbellandthat’s whereit 

started. Do you know the history of the 

SECS? 
Ahl: No. Please go on. 

Fields: Well, Don Tarbell was an 
engineer at Hughes who was into 

hardware and software design. He went 

to the MITS caravan and got an idea for 
this audio-cassette interface board. he 
designed that and then went to sell it— 

not as a boardbut asasetof plans. Heput 

a small index card up in one of the local 

electronics stores offering the plans for 

$2. | walked in and said, ‘’Gee, that 

sounds interesting.’ So we met at his 
house with a bunch of other people and 

that’s how it all started. It really started 

with the judge of the superior court of the 
local area who was a ham and went on 

from there. 

Ahi: Very interesting. 

Fields: It’s an individual thing. | don't 
think things happened by committees 

anyway. Like yourself—you created this 

fantastic magazine and you've done an 

incredible thing. I’m sure you haven't 

done it because of 40 other people who 

wanted to get into it. It was your own 

inspiration, it was your own genius and 

knowledge that put it together. And 

that’s the way the whole industry is 

going. 

Ahl: Thanks, Lou. 

| had hoped to get Sandy on here but 

things are still hectic at our booth. 

Sandy, my wife, was helping out here at 

the booth along with anumber of college 

students | had recruited via the 

timeshare computer network at the 

University of San Francisco. While they 

use the timesharing system, most of the 

students there had very little idea what 

pesonal or hobbyist computers were all 

about and coming to the show was areal 
eye-opener for them. 

One interesting observation Sandy 

made is that most of the people involved 

in this industry are young late twenties 

or early thirties, from programmers and 

designers to presidents and founders of 

companies. We're dealing with an 

industry that appeals to the young at 
heart. Even more, it inspires the 

entrepreneurial spirit in people. This is 

something that has been dead, in my 

opinion, for a long time in the United 
States. Many college students today are 

looking for a secure job with an 

established company; they’re not 

seeking a position where they have a lot 

of risks or where they're putting their 

own judgments on the line. Yet in this 

new hobbyist, personal-computer field, 

it’s innovation, creativity and individual- 

ity that really count. These personal 

qualities are rewarded in this field. 

Hobbyists are a very intelligent group 

and are looking for the company and the 

product that offers more than the 

competition: consequently the entre- 

preneur with an idea who is willing to 

take arisk tobring hisinnovative product 

to the market is, inthe long run, going to 
be a winner. 

What were the most 
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significant 

elements of the Faire? Why was it 

different from Trenton a year agoor from 

Atlantic City last summer? Well, of 

course, it was bigger, with more 

exhibitors. The sheer size of the hobby, 

the attraction to the general public who 

were not directly involved in the hobby 

but were interested enough to come to 
the Faire andfindout what was goingon. 

The tremendous diversity of the 

sessions which dealt with people and 

computers, legal aspects of personal 

computing, art and music, video art, 

computer systems for small businesses, 

computer networking, speech recogni- 

tion and synthesis, amateur radio in 

computing, and multi-tasks on home 
computers. Also an extraordinary 

variety in the home-brewed exhibits. 

People who have taken electrical 

components, bits and pieces from the 

commercial kits and assembled them 

into notjusta breadboardcomputer buta 

living, working, breating home com- 

puter for some purpose, whether it be for 

video art or Some other purpose. 

As Jim Warren said earlier, we can 

expect a repeat next year, only bigger 

and better. | would expect other Faires or 

conventions or festivals also to be bigger 

and better as the hobby grows and 

flourishes. So watch these pages for 
notice of the next one and go yourself! @ 

KKK KKK KKK Kk 

Was a telephone computer so bold 
The first of it’s kind that was sold. 
When you call its number 
It is a bummer 
It always puts you on hold. 

There was a computer from Clyde. 
Was indeed so very dignified. 
We did not agree 
On its pedigree. 
It told me to kiss its back side. 

There was a computer from South Bend. 
That figured income tax without end. 
Calculated the tax 
A little bit lax. 
Who is it they will apprehend? 



Featuring on-the-spot interviews with two 
manufacturers, two retailers, and a publisher 

- Gamboling in Atlantic City 

Atlantic City: Gambling has been 
approved, although it will be another 
nine to twelve months before it gets 
under way. Nevertheless, the beaches 
were a little bit cleaner than last year, 
the boardwalk traffic a bit brisker, and 
lots of construction was underway. On 
the other hand, the Shelburne Hotel, 

site of the “Personnel Computing ’77” 
was as seedy as ever, the air con- 
ditioning in the exhibit hall spasmodic, 
the elevators generally out-of-order, 
the help surly and unpleasant. So the 

convention flopped? Wrong! Through 
the extraordinary efforts of John Dilks, 
Dave Jones, their wives, and other 
organizers, PC ’77 was a fantastic 
success! 

Creative sponsored a wine and 
cheese reception for the 400 or so 
conference and exhibitor people on 
Friday night. We poured the last people 
out around 3:00 A.M. Nevertheless, 
most people appeared for duty in their 
respective booths at 9:00 A.M. on 
Saturday. And a good thing too. All day 
Saturday and Sunday, virtually every 
exhibit was five-deep with people. The 
workshops and presentations were all 
crowded to overflowing. Anyone who 
went and said they did not have the 
experience of their life was either lying 
or asleep. 

Heathkit showed their lines of com- 
puters in public for the first time. 
Commodore had a bunch of Pets. 
MITS/Pertec had a huge, showy booth. 
SWTPC had disk systems. OS! showed 
their hard disc. TDL had Xitans, 
Cromemco had Z-2s with built-in disks, 
Midwest Scientific had their new com- 
puter, and on and on... Even Teletype 
was there. 

In the bedlam, | managed to talk toa 
cross-section of industry notables: a 
publisher, two manufacturers, and two 

retailers. Lightly edited transcripts of 
these conversations will be found on 

David H. Ahl 

the next few pages. 
Next year the exhibits will be in 

Convention Hall and some of the new 
hotels will be finished. So, put PC ’78 
on your calendar now ... the last 
weekend in August. It will be dynamite! 

Adam Osbome 
Adam Osborne is founder and 
president of Osborne and 
Associates, Inc., in Berkeley, 

California. He is a consultant on 
microcomputer systems, and author 
of the popular books, An /Introduc- 
tion to Microprocessors, Vols. 1 & 2. 

Ahl: In talking to people here in Atlantic 
City, I’ve been trying to get some kind 
of consensus of where the hobby is 
going from here. Lud Braun felt that the 
days of the hobbyist are over and the 

Adam Osborne 
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days of personal computing are com- 
ing in with the advent of the Pet and the 
Radio Shack computers. In other 
words, home computing is kind of 
paralleling the early days of amateur or 
ham radio. From 1900 to 1920, there 
were only amateurs; then, all of a 
sudden, commercial radio appeared 
and brought with it explosive growth. 
The amateur hobbyists stayed around 
but had relatively modest growth 
compared to commercial radio. Do you 
think this will happen with personal 
computing? Where do you see things 
going? 
Osborne: Personal computing, in 
which people have a computer for the 
sake of being able to program it, is 
something which will always be dif- 
ficult to do, so it is never going to 
become a mainstream thing. It is never 
going to reach the levels which would 
interest Sears or J.C. Penney. 
Ahi: Do you feel that applies with 
personal computers such as the Pet or 
Radio Shack machines? 
Osborne: Anything that a guy has to 
program himself is always going to 
have a relatively limited audience. 
Now, when | say relatively limited, it 
can still amount to two or three 
hundred thousand people across the 
country, but this is generally insignifi- 
cant. There are going to be computers 
going into the home in a form that you 
do not have to code. So, if whatever the 
computer is going to do for you is 
already programmed, that could run 
into the millions. You say, well, that is 

not the same thing, but | argue that 
eventually that is the way all computers 
are going. Most mainframe machines 
will reach the point where you won’t 
have to program them; You will just 
have to define what it is you want them 
to do, thus ultimately reaching a 
merger of the home-appliance-type 
computer, which you don’t have to 



program, with the mainframes which 
you also don’t have to program. 
Ahl: Does that imply different kinds of 
languages, or will everything be almost 
a black box from the user standpoint? 
Osborne: Eventually there will be no 
languages. You will be programming 
by example. You will create on the 
screen an image of what it is you want it 
to do, and the extent to which there is 
any programming language will be the 
manner in which you define the 
variables. In other words, there can be 
no ambiguities; you must be given 
some means of identifying and resolv- 
ing ambiguities. That is the extent to 
which there will be programming 
languages. But that will probably be 15 
to 20 years away. 
Ahl: That sounds like a long while. 
What is coming sooner? 
Osborne: In the meantime you are 
going to see the more traditional 
programming languages around. | do 
not think you will see new ones very 
much. You will see them come, but | 
don’t think you will see them catch on, 
because what will eventually wipe them 
all out will be this concept of an easily- 
programmable computer. 
Ahl: Well, there are things like the high- 
level language that goes with, say, the 
Software Technology Music System. It 
is very easy to learn. Itseems to me that 
there would be a lot of things like that, 
small languages for special-purpose 
applications. 
Osborne: Yes, but that is almost 
beginning to be the programming 
example that | described. You write 
music ina form on the screen, and that 
creates for you the programs which 
generate the music. That is the begin- 
ning of the approach. It is not really a 
programming language any more than 
writing English is a language. Writing 
music notes is a language and what 
they are doing is writing music notes 
and then letting the machine recognize 
and play them. 
Ahi: What kind of significant hardware 
do you see coming out in the next five 
years or so? 
Osborne: | think you are going to see 
very inexpensive and very complex 
electronics. You are going to see the 
LCD display, the liquid crystal display 
replacing the touch switches, replac- 
ing the keyboards. At the end of the 
five-year period we are going to see 
great pressure put on floppy disks and 
rigid disks by memory devices ... such 
as CCD, bubble memories and other 
non-volatile types. Perhaps a little 

later, we are going to start seeing some 
real impact on printer technology from 
laser technology. It’s expensive today, 
but in five years it’s going to start 
becoming quite inexpensive. The laser 
creates a static charge so that a dry ink 
can be deposited on it. 

Ahl: Like xerography? 

Osborne: A _ xerographic-type ap- 
proach. Xerox is doing that right now 
but the price is high and the quality 
relatively low which is the way all these 
things start. Then the quality becomes 
high and the price becomes low. 
Ahi: Where do you see your role, 
Osborne and Associates, in the future? 
Osborne: | think there is going to be an 
ever growing need for a link between 
the technological side of society and 
John Q. Public who has got to live with 
that technology, and that is the need 
we are going to continue to address. 
We are going to be the translators; we 
are going to allow the public to under- 
stand what they must understand in 
order to live successfully in a 
technological society. For example, 
right now, computers have run wild in 
our society for the simple reason that 
no legislators understand computers 
well enough to draw up sensible laws, 
and the public at large will accept 
anything they are told because they 
don’t know any better. | want to curb 
that. In the future we are going to carry 
on in that direction, to inform the public 
in terms that they can understand as to 

what is going on in the technologies 
which are affecting their daily lives. 
Ahl: Do you see yourself staying mostly 
in the publishing business or 
branching into other means of com- 
municating? 
Osborne: | see myself basically staying 
in the publishing business — because 
right now that is the effective low-cost 
medium. We have not yet reached the 
point where video cartridges or 
anything else is nearly as good as 
visual graphics. It is going to be some 
time before any new technology comes 
along to replace the book. 
Ahl: Adam, thank you very much for 
your thoughts and ideas. 

| an 
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Robert Suding 

Robert Suding 

Robert Suding is founder and presi- 
dent of the Digital Group in Denver, 
Colo. Digital Group Products have 
had an image of being “different’”— 
non-standard bus, large circuit 
cards, naked hardware (in the 
beginning), etc. But one other thing 
stood out—high reliability, hence 
assuring the Digita! Group a place in 
this rapidly expanding market. 

Ahl: In your own perspective, where do 
you see the home-computer field going 
in the next couple of years? 
Suding: Well, | see them probably 
trying to define more definite 
applications. | see a trend away from 

games, other than just for beginners 

The exhibits were mobbed from Saturday at 9 AM to Sunday at 5 PM. 



and looking to more. serious 
applications. One field that | am trying 
to get anumber of people directed into 
is using microprocessors for hand- 
icapped people. So | am starting a new 
organization which will be amateur- 
computer fans designing and building 
and implementing projects for han- 
dicapped people. We have also set up 
sessions for various conferences next 
year showing how the amateur com- 
puter fans have implemented things for 
handicapped people. 
Ahi: What specific things are you 
working on? 
Suding: We are working on voice 
synthesizers for blind people that will 
allow a blind programmer to have a 
self-sufficient job using a voice ter- 
minal instead of a video terminal. We 
are working on devices to allow people 
with cerebral palsy to communicate 
through specially programmed input 
or Output devices which could speak to 
them or it could type for them. It is 
something that is not of any one 
manufacturer, but something that 
almost any one of the various hobbyist 
microprocessors are far more than 
capable of doing. 
Ahl: | heard you mention before that 
the Digital Group is planning to offera 
speech synthesizer. How will it com- 
pare to some of the others that are 
available today? 
Suding: The main thing about our 
speech synthesizer is that it uses very 
low programming overhead; it takes 
roughly 1200 cycles for every 100 
words spoken. The reason for this is 
because it has a relatively limited total 
flexibility; it has no inflection and it 
cannot sing. It does not do anything 
but produce 64 different human 

RCA showed their new COSMAC VIP microcomputer. 

sounds. The job of the microprocessor 
is merely to link the 64 different sounds 
into the desired language whether it be 
Russian or Spanish or English or Latin 
or any other language. 
Ahl: Is it likely to come out with that 
strong Swedish or Slavic accent so 
characteristic of the earlier Votrax 
units? 
Suding: Yes, this will definitely have 
more of a Swedish accent than most 
here. | heard some interesting rumors 
on how that originated; | suspect they 
are not true any more than any other 
rumor in hobbyist circles. | understand 
that it was invented by a Swede in 

SO RES 

2005AD of Philadelphia surrounded a three-screen video display running 
LUNAR LANDER with all sorts of real cockpit controls and had 
continuous lines of kids waiting to get at those controls. 
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Wisconsin, who developed the original 
algorithms for speech synthesis in the 
way he thought English was spoken. 
Ahi: What other kinds of things, other 
than in the area of the handicapped, are 
you working on, or do you see being in 
the future? 
Suding: Well, | am _ personally in- 
terested in energy management in 
homes and | am personally designing a 
system for my solar-energy house in 
Colorado where we actually control the 
whole house under process control. 
Existing solar systems are typically 
implemented using just standard 
relays and hard logic and temperature- 
differential thermostats. The micro- 
processor introduces a rather new 
element, and that’s the possibility of 
programming the thing in the language 
of the homeowner, making it possible 
to use a “home management” language 

as opposed to Fortran or assembler 
and so on. The person talks to the thing 
and interacts with it by the machine 
asking how many watts he has in the 
system that he wants to control, what 
temperature he would like in the 
various rooms. He will be able to 
custom-program the house if he has 
visitors, or if there is a party; he can set 

it up to take into account various 
differences at his convenience. It offers 
some tremendous possibilities for 
energy conservation because it greatly 
enhances intelligence and _ record- 
keeping. | will be able to realistically 
evaluate different overall systems for 
using the minimum amount of energy 
in my house. | project that the cost of 
this processor will be quite a bit higher 
in my case, since | will have a lot more 
power, but a processor for a “normal” 
home controller being built now will be 



about $300 or $400 quite easily. 
Ahi: What about all the sensors re- 
quired? Won’t they be a lot more costly 
than the processor? 
Suding: Probably not, because there 
are several new sensors recently an- 
nounced in the one-dollar range. You 
also have some older temperature 
thermisters or transducers in the range 
of about $3 to $4 surplus that are very 
excellent. By using thermisters and 
analog multiplexors and something as 

simple as additional voltmeter chips 
and some old surplus telephone cable, 
we could probably wire up a complete 
house with the temperature input 
system and multiplexors in the range of 
about $100 for all the equipment; it all 
depends on how sophisticated you 
want to get. And then for control you 
can have spot room control and use 
little butterfly dampers that are run bya 
geared-down motor which you can buy 
surplus for about $3 or so and modify 
standard ductwork to have all this 
programmable. You should be able to 
justify the cost of the whole systemina 
year or two in what you save in heating 
bills. 
Ahl: It sounds like you have to be a 
pretty good mechanical, electrical and 
civil engineer to implement such a 
system today by yourself. 
Suding: It certainly helps but you 
would be surprised at what can be 

done. The biggest problem is finding 
people who know something about 
heating andsolar and thermodynamics 
and who also know programming and 
computers and systems design; you 
can imagine these people are 
somewhat hard to find. That is why | 
say probably the best solution would 
be to develop a training language in 
terms understandable to a heating 
construction contractor. 
Ahl: Do you find today that most of the 
customers of the Digital Group are 
relatively more knowledgeable hob- 
byists than in the past, or are they 
businessmen or what? 
Suding: Much more knowledgeable 
hobbyists. The typical hobbyist no 
longer is one that will buy anthing. He 
is very, very knowledgeable. He has 
friends who have recommended 
things; | believe most systems are sold 
through a person who has a friend who 
has a system like it. We continually 
found, especially inthe earlier days, we 
would send a system out to a given 
geographic area and within a couple of 
weeks we would get a couple more 
orders from that same area. It was 
obvious that the person building the 
system, especially if he got it running 
immediately, would call overa friendto 

watch it and he would be so impressed 
he would send in an order. It’s a major 
investment and people just don’t like to 
make major investments without a fair 
knowledge of the company and the 

product. We find that our biggest 
problem now is not being able to meet 
the demand; | suppose | can rationalize 
that it’s a stabilizing influence in that it 
smooths out production. 
Ahl: Well, there certainly are worse 

problems! 

Daniel Meyers 
Daniel Meyers is founder and presi- 
dent of Southwest Technical 
Products Corporation in San An- 
tonio, Texas, SWTPC originally 
made high-quality low-cost hi-fi 
amplifiers and other electronic kits. 

In the fall of 1975 they introduced 
the SWTPC 6800 computer kit in the 
same tradition and it has seen a wild, 
explosive growth ever since. 

Ahl: | see you have some disk-based 
systems here and also that your 
components have nice pretty covers on 
them.. That is a change for SWTPC! 
Meyers: Well, one of the features that 
people had been asking for on the old 
box was a cover. So we were nice to 
them this time. We went ahead and put 
the cover on. We are doing what 
everyone else is doing, of course. We 
are expanding our systems, we have 
disks now, we have terminals, we have 
a printer and lots of new little inner 
goodies to go in the box, we have an 
interrupt timer now, we have a 
calculator interface, we will have an A- 
to-D, and also a PROM programming 
card that goes in the interface slot. 
Ahl: The A-to-D, how many channels 
will that have? 

Daniel Meyers 

Meyers: | don’t remember, 6 or 8. It’s 
designed around the National chip. 
Ahi: Will you put some hooksin Basic to 
support these peripherals? 
Meyers: Oh, yes. 
Ahi: | notice a lot of companies have 
come out with grand schemes and 
pieces of hardware and then no way of 
using them, even with their own 
software. 
Meyers: No, no, we definitely know 
about that need and we are going to 
take care of it. We will try to make the 
things useful to people. That was the 
philosophy behind, for instance, the 
little interrupt timer we recently in- 
troduced. A lot of people have os- 
cillators that you can hang in their box, 
but you have to slip a switch to get 
different timings. OK, with ours you 

Commodore showed five real, live PETs. 
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John Mauchley leaves banquet attendees (including John Dilks) with 
some words of history and wisdom. 

don't do that. Ours has a software 
programmer at the divider module and 
you can get anything from a micro- 
second on up to an hour, software- 
controllable. 
Ahi: Can you use it in high-level 
software, such as BASIC? 
Meyers: Yes, you have to write it in 
using the instructions that go with that 
timer, in a user-defined machine 
language subroutine, but that’s provid- 
ed for in our BASIC. All of that is 
described in BASIC and the interface, 
of course, has complete instructions 
on what you want to tell that thing. If 
you wanted to change your timing 
intervals in the middle of the program, 
you could. It’s very useful! 

What else are we doing? Well, of 
course, we are trying to stay one step 
ahead of the Radio Shack wolf. 
Ahl: Do you see Radio Shack and 
Commodore as being threats, or 
enlarging the industry and making 
more of a market? 
Meyers: Both. Radio Shack could be a 
definite threat but Commodore, | don’t 
really think so. 
Ahl: Why is that? Why do you differen- 
tiate the two? 
Meyers: Well, if you look at them, the 
Commodore apparently is very difficult 
to add on to and to interface with 
external devices; it costs more to 
expand the memory than our things do, 
or anyone else’s for that matter. $300 or 
something ridiculous like that, is what | 
heard to add 4K. And the keyboard is 
unusable for touchtyping. Anyone who 
bought it should be happy with it for at 
least a week, before they wanted 
something better. Radio Shack, unfor- 

tunately for companies like us, has a 

pretty good product. It’s got a 

creditable keyboard, it can be ex- 
panded quite easily, and it could 
definitely be avery competitive system. 
Ahl: Although by using a non-standard 
bus, it may limit the number of 

peripherals. 
Meyers: However, if they have the 
peripheral available, the purchaser will 
buy it. And that’s just the point: they 
apparently intend to get the 
peripherals, so we’ll see on that one, | 
don’t know. Commodore, | feel, will get 
some people interested in computers, 

but they won’t be much of a com- 
petitive threat as far as what we're 
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selling. 
Ahi: How do you see Heathkit? 
Meyers: Heathkit has said they’re not 
going to sell theirs assembled; they sell 
them by mail and through their stores, 
of which there area limited number. We 
intend, by the end of the year, to be 
offering assembled units. | don’t think 
that anybody can sell kits for business 
applications; it’s just not meeting the 
need. 
Ahi: You said business applications. 
Do you see more of your machines 

going into that kind of use? 
Meyers: Well, | hope so. We’re working 
towards that. We feel right now that we 
have the disks; we manufacture really 
everything that you need for a 
reasonable business disc system other 
than a printer and we’re looking for one 
of those, but we haven’t found the right 
mechanism yet. But that’s the only item 
we can’t supply currently. We are also 
working with a guy in California who 
has developed an excellent, very fast 
BASIC compiler. BASIC is lovely, but 
BASIC interpreters are ridiculously 
slow for business. Anyway, we have the 
disks and we have the language at an 
adequate speed, we have a more-than- 
adequate computer, so | think we’re 
close. 
Ahl: What about support in the 

business market? Don’t they need 
more hand-holding and support? Do 
you expect your dealer network to be 
able to provide that? 

Meyers: Some of them can, some can't. 
The fact that the language is BASIC isa 
big help in my opinion. There are a lot 
of application programs available now 

in BASIC. The first people, | think, that 
are really going to use these things in 

Dazzle doodle (electronic Etch-a-Sketch) was a continuous attraction at 

Creative’s booth. 
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business are the ones that have been 
here looking; the lawyers, the doctors, 

the accountants, the ones that under- 
stand electronics and are interested. 
Later you get to the corner ice-house 
and those places where you have to 
walk in and set it on the counter and 
say, “This is a diskette and it goes here, 
and you push B and the system starts,” 
and so forth. It’s going to be slow. | 
don’t agree with any of these people 
who say we’re right on the verge of this 
huge market, and it’s going to grow into 
this colossal industry in a year or 
two.... 
Ahl: Some people have said that this is 
the year that will separate the hobbyist 
market from the home and small- 
business market, the hobbyist is essen- 
tially finished, and future expansion 
will come from business systems. 
Meyers: There’s only one thing wrong 
with that. My opinion is that nobody at 
this show has got a system with the 
possible exception of MITS/Pertec that 
could be used in a small business. 
Period. | just don’t believe I’ve seen 
anything else here that would be 
suitable, because they’re lacking either 
the language, or reliability, or 
something. Any one of them you want 
to name has got a problem somewhere 
that is going to keep them from being 
successful in selling their system to 
businesses. And they don’t really 
understand that. | think / understand 
that because /’ve used a computer in 
my business for 3% years now and | 
know what my problems are, | know 

what I’ve got to have, and | don't havea 
system that | could use in my plant yet. 
Ahl: | have to tell you this. We have five 
computers at Creative Computing and 
| don’t use a single one of them for the 
business. 
Meyers: Right. We’re just not quite 
there yet. But we’re on the verge of 
being able to sell a system that would 
work very nicely in a smaller business. 
| don’t think anybody here today, with 

that one possible exception, could say 
that they have an adequate system for 
small business, so we haven’t even 
started getting into that. It’s going to be 
a long, rough road. If that’s where 
people intend to make their money, | 
think they’re going to be in for a big 
shock when they try. 

Alan Hald 
Alan Hald is founder and president 
of Byte Shops of Arizona and Byte 
Shops Mail Order. The Byte Shops 
franchise has had a rocky history, 
but Alan’s store and mail-order 
operation with its outsize, popular 
catalog has clearly been a success 
right from the start. 
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Some of the Creative Computing barbeque set, | to r: Alan Salisbury, 
Burchie Green, Linda Eckerstrom, Steve Gray, Sandy Anhl. 

Ahl: The first question is: can the Byte 
Shop of Arizona find happiness in New 
Jersey? Seriously, why did you decide 
to exhibit here? 
Hald: We have Byte Shops Mail Order 
which is nationwide, and we have a lot 

of customers on the East Coast. The 
Byte Shops of Arizona run the Byte 
Shap Mail Order. We also handle Micro 
Age which distributes to a lot of 
independent small stores and a lot of 
those customers are also here on the 
East Coast. 
Ahl: Where do you see things going 
from here in the next year or two? 
Hald: It’s hard to see our two years, but 
what we will see next year is the 
beginning of full-fledged systems 
stores. We are going to be involved in 
systems for various businesses and 

occupations, and a continuation of the 
growth of the hobby stores, and the 
beginning of the mass retailing of low- 
cost systems. However, | think it’s 

difficult for a lot of the stores to get 
involved in the mass market mainly 
because of the demand and the way the 
companies like Commodore deal with 
the products. They are looking for the 
very-large-volume buyers. 
Ahl: Do yousee Commodore and those 
products being a threat to the indepen- 
dent stores? 
Hald: No, | think what will probably 
happen is they’ll open up the market 
even wider than it is now. It is difficult 
for us to appeal to a wide range of the 
public when you are talking about 
systems that cost $1,000, particularly 
assembled systems. There is a tenden- 
cy now for people to want assembled 
systems rather than kits. Once that 
price barrier is broken, there will be 
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more people coming into the market. 
They will take one home and use it, and 

once they start learning about com- 
puters, they will want one with more 
capability. So people will become more 
intrigued with adding on to their 
systems or exchanging systems and 
upgrading them. They will probably be 
disappointed to find they cannot add 
anything on the Pet like a disk drive and 
they will come in and !ook at a North 
Star and see how convenient it is to 
use, and they will start looking at S-100 
types of systems. But | think if someone 
like Commodore is very successful, 
maybe other larger corporations will 
say, ‘If they can doit, wecan,” and that, 

in effect, will open up the distribution 
channels. If that is very successful— 

Alan Hald 



let's say Commodore hooks up with a 
large distributor like Sears—then 
someone like Sharp will come in and 
wonder who else to distribute to, and | 
would say the computer stores are a 
natural since they are the hobbyist 
place and they will be hungry for 
products. ; 
Ahl: Well, | have noticed that a number 
of the computer stores today are 
carrying those little Microchess sets, as 
well as the Fairchild games and other 
prepackaged products. | see akind ofa 
cross-fertilization there. 
Hald: Very true, what is happening now 
with product lines becoming so broad 
is that a lot of stores are going to have 
to start making decisions as to what 
type of store they are going to be. The 
capital requirements to support a store 
are limited. Some stores are moving 
towards systems and they don’t want to 
be bothered with hobbyists; what they 
are trying to sell are the big systems. 
On the other side, some will develop 
into more consumer-oriented stores 
that handle shelf games, hobbyist type 
of computers, and the kits. | think we 
will see two types of stores emerging, 
and probably eventually a third, that 
being amass-consumer type of store. It 
will be interesting to watch. 
Ahl: It sure will! 

Ken Greene 
Ken Greene left a steady, well- 

paying job in industry in early 1977 
to open a computer store in 
Morristown, New Jersey, the first of 

the ComputerLand franchises. He 
works twice as many hours a day 
now, but wouldn’t give it up for the 
world. 

As 

Ken Greene 

Ahl: What do you think of the show, 
Ken? Have you gotten business, or 
references? How is it of value to a retail 
store? 
Greene: Well, we make contacts with 
people in our area who did not know we 
existed, and vice-versa. | believe the 
show is a really good place. 
Ahl: What kind of people have you been 
talking to here compared to the kind of 
people who come into the store? 
Greene: A lot more business-oriented 
people here than come into the store. 
There you get many more hobbyists. 
Here, people are looking for packages; 
they want an inventory package 
system, or some other business 
system. Big systems too, like $10 to $12 
thousand. 
Ahl: You mean here! At the show? 
Greene: Absolutely. Very, very few 
people came by who were hobbyists. 
They may have come too, but they 
didn’t talk. They came though and they 
said, “Gee, that’s nice” and then left. 
Ahl: That’s interesting, because you 
would think that a show like this which 
was billed mostly as a hobbyist show, 
would not draw the business-type 
customers. 
Greene: Well, | think next year it won’t 
be anywhere near a hobbyist show. | 
think next year, we will see even the big 
business systems. | think we will see 
DEC in here with systems and all the 
others. Just from what the people are 
asking for. When we come down next 
year, we'll have six booths reserved. We 
may go with even more. Two of those 
booths will be my separate corporation 
which will display its business, 
hardware, software packages; the rest 
will be my store and other Com- 
puterLand stores. 
Ahl: In your own opinion, where do you 
think things are going in the future? 
Greene: Everything looks like its going 
commercial—$500 Fortrans that re- 
quire disks. Everybody wants a Fortran 

but the hobbyist isn’t going to buy that. 
| think the beginning hobbyist is going 
to get sucked in by the Commodore Pet 
and the Radio Shack and the Heathkit. 
And what does that do to a computer 

store like mine? Well, those companies 
are just going to educate the market 
place. The only ones | consider high- 
line quality units are the Heathkits. And 
Heath will always command the hob- 
byist in the build-your-kit market. The 
computer stores like myself and the 
Computer Marts and so on are going to 
be more like a high-level stereo dealer. 
The guy who really wants to buy the big 
component system is going to come to 
us, rather than go to the department 
store or his local Radio Shack and buy 
their assembled units. So the future for 
us is mostly with small businesses and 
top-line hobbyist systems. 
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INSPIRATION 
Electrons have minds of 
Their own. 
There is no lobotomy 
For them. 
There is no shock treatment 
Short of a Cyclotron, and 
Even that is not permanent. 

In a bundle of electrons, 
Some are tied to atoms 
And some are not, 
They are merely 
Running around the brain, 
Electro-Chemical impulses 
Which now and then 
Pause long enough to become 

Poems. Esther Gloe 
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Some Tips On Using A TV Set 
For Computer Output 

So you've bought yourself aspanking 

new SOL-20 that expects to provide 
Output to a video monitor. Or you have 
aVDMor TV Dazzler of Applie-I! or Poly 
88, etc., etc., all of which put out a 
beautiful video signal for a video 
monitor. But unfortunately you don't 
have a video monitor. 

In this situation you have three 
choices: 

1. Modify astandard B&W TVtoactas 
a video monitor. Generally this can be 
done fairly easily by breaking the 
existing signal between the video de- 
tector and video amplifier stages and 
then inserting the new signal into the 
input of the video-amplifier stage. You 
may have to add one or more 

capacitors, diodes, and/or transistors 
to preserve the white and sync levels. If 
you want to still be able to use the set 
as atv, you’'llwantaSPDT switch atthe 
break in the circuit. It is highly 
advisable to use a transformer-type tv 
set with the chassis isolated from the 
power line. If you follow this route, 
you'll find the appropriate circuits in 
DonLancaster’s book, TV Typewriter 
Cookbook published by Howard W. 
Sams, or in Don’s article “Television 
Interface” in the October 1975 issue of 
Byte. 

If you don’t want to brew up the cir- 
cuit yourself, Pickles & Trout makes a 
kit (TVM-04) for modifying a Hitachi TV 

set with the SX chassis (Models P-03, P- 

Pixe-Verter before assembly 

David H. Ahi 

04, P-05, P-08, P-53, P-63, etc.) into a 
quality video monitor. The TVM-04 can 
accept a0.6V P-P video signal as froma 
Polymorphics VTlor1.4V P-Pasfroma 
Processor Technology VDM. The kit 
contains a switch permitting use as 
either a monitor or TV set. The TVM-04 
is available for $20 postpaid from 
Pickles & Trout, P.O. Box 2276, Goleta, 
CA 93018. In the New York area, a 12- 
inch Hitachi P-05 TV set sells for about 
$80, thus the total cost is $100 or so. 

2. Purchase a TV Monitor. A good- 

quality B&W 99-inch Hitachi monitor 
(VM-909) sells for about $185. Larger- 
screen Comrac, RCA, or Sylvania 
industrial-quality monitors are in the 
$500 price range. Super quality if you 
can justify the expense. 

3. Build an RF Modulator. This device 
accepts a video signal and adds an RF 
carrier so that the signal can simply be 

fed into the antenna terminals of any 
standard TV set. For color output (from 
the TV Dazzler) thisseemsto be the best 
approach, since “monitoring” a color 

set is risky and color monitors are ex- 
pensive. One RF modulator, the PXV- 

2A Pixe-Verter requires -6V (actually 
anything between -5 and -6.5 V) which 
can be furnished by batteries or from 
the computer. The device is so small 
(1.25” x 2.1” x 0.8”) that it will fit inside 
the computer practically anywhere. Be 
sure it is inside the computer or ina 
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shielded chassis box, otherwise your 
computer will be broadcasting to your 
whole neighborhood. Most computers 
have available either -12 or -16 volts of 
filtered DC. The following circuit will 

allow you to power a Pixe-Verter from 

this. 

2700 

= [pixe-verrer | TER +6 lav PIXE-VERTE (LEAVE 

UNCONNECTED) 

Sov loouF - = 
BrObe (OPTIONAL) 

Change the dropping resistor to 
470 ohms for-16 volts. Inthis set-up, the 

Pixe-Verter draws about 2 ma and the 
Zener diode, 20 ma. The Pixe-Verter is 
available for $8.50 postpaid from ATV 
Research, 13th and Broadway, Dakota 

City, NB 68731. 

A similar device with some added 
goodies is available from M&R Enter- 
prises. This one has an antenna/mod- 

ulator selector switch, long cables, and 
operates from a wide voltage range (6- 
12 VDC). This RF Modulator is avail- 
able for $25.95 postpaid from M&R 
Enterprises, P.O. Box 61011, Sunny- 
vale, CA 94088. 

Another source of interest for those 
hard-to-find video cables, connectors, 
adaptors, etc. (as well as audio plugs, 
cables, etc.) is WIDL Video, 5325 North 
Lincoln Ave., Chicago, IL 60625. phone 
(312) 271-4629. 8 

Pickles & Trou* monitor kit 
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Satire 

Frank B. Rowlett, Jr. 

Years ago in the land of Halco the people 
earned their living by making farming tools. 
They made shovels, hoes, and hand pushed 
plows. While this seems crude by modern 
standards, it was far better than working the 
fields with hands and sticks, which is what the 
farmers did before they got tools from Halco. 

One day a man in the land of Halco 
discovered a middlesized dinosaur. He studied 
it for awhile and then went to the leader of the 
people of Halco. He said, “Oh great leader. | 
have an idea that’ll help mankind and generate 
more trade for Halco.” 

“What is your idea?” asked the great leader of 
Halco. 

“See how strong this dinosaur is?” said the 
man. “Instead of making a plow to push, let’s 
make a plow this dinosaur can pull. He can do 
the hard work of plowing the fields for the 
farmer, and the farmer can then do more work.” 

“What good will that do Halco?” asked the 

leader. 
“If it works — and I’m sure it'll work — then 

we can gather up all the dinosaur eggs and raise 
dinosaurs and trade them and the plows to 
other people in other lands,” said the man. 
“Then we'll all have food and goods in abun- 

dance.” 
“That might be a good idea you have,” said 

the leader of Halco. “I'll provide you some land, 
some plow makers, and whatever else you need 

to try out your idea.” 
“Thank you great leader,” said the man, and 

he went immediately to work developing and 
perfecting his idea. 

Soon the idea was perfected. The people of 
Halco began trading the small dinosaurs and the 
plows to the peoples of other lands. Halco 
prospered. The people of Halco were happy and 
richer than ever before. 

a) 

After this had gone on awhile another man of 
the land of Halco came to the leader of Halco. 
He said, “Oh great leader, I have an idea about 
how to improve our dinosaurs and plows so that 
the people who own them can get more work 
done. The peoples of other lands will then trade 
more with us to get our improved plows and 
dinosaurs.” 

“What is your idea?” asked the great leader of 
Halco. 

“Let’s breed bigger dinosaurs to pull a two 
bladed plow. That way, the farmer can get twice 
as much work done in the same amount of 
time.” 

“That sounds like a good idea,” said the 
leader of Halco. “I will give you dinosaurs, plow 
makers, land, and whatever else you need to try 
your idea out.” 

“Thank you great leader,” said the man, and 
he went to work developing and perfecting his 
idea. 
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When the idea was perfected and the people 
of Halco announced it to the other lands there 
was great rejoicing throughout the known 
world. The people of Halco now made it possible 
for the farmers to double their production. 

Of course, all this did not come for free to the 
farmers. They had to trade some of their crops 

to Halco to obtain the bigger dinosaurs and 
plows, but most could afford it — especially 

those that had traded for the early model of 

dinosaurs and plows. 

For the farmers who couldn’t afford to trade 
outright for a dinosaur and plow, the leader of 
Halco invented leasing. The farmer would give 
Halco a portion of his crops each year in return 
for the dinosaur and plow. That way all farmers 
could afford dinosaurs and plows, and the 
people of Halco had a steady income. 

The farmers then began to notice something. 
They noticed that while the first model of 
dinosaur ate a lot, the new and larger dinosaur 
ate many times as much. Thus the farmers had 
to plant more land to feed the larger dinosaurs. 
They also had to provide special buildings for 
the new and larger dinosaurs because they 
wouldn’t fit in their barns as the earlier models 
had. But this was all right because the farmers 

were now able to produce much more from their 
farms for the same amount of work. 
Many farmers also wanted the newer model 

dinosaurs because they didn’t want to fall 
behind in technology from the other farmers in 
other lands. Besides, it was nice to show visitors 
to the farm the “newest and latest” model 
dinosaur and plow. 

Things went well for the people of Halco. 
They prospered even more. The leader of Halco 
knew a good thing when he saw it, and invented 
research teams to come up with new and better 
dinosaurs and plows. To make sure that farmers 
in other lands were aware of the newest and 
latest dinosaurs and plows from Halco, the 
leader of Halco invented marketing. To be sure 
that the Halco people engaged in marketing 
knew what the farmers would buy and to be able 
to get it quickly for the farmers, the leader of 
Halco had offices set up next to the farmers’ 
fields. These were known as “field offices.” 
Now that field offices were established, Halco 

began providing service on their dinosaurs and 
plows. The leader of Halco invented the word 
“fixer” to describe the people from Halco that 
serviced the dinosaurs and plows. If a plow 
broke or a dinosaur got sick in the field, a fixer 
from a Halco field office would go immediately 
and fix whatever problem there was. These 
people were called “field fixers.” 

Things were good for Halco. They continued 
to prosper as they built bigger and beiter plows 
and bred bigger and better dinosaurs. The 
leader of Halco wasn’t even bothered by some 
of the people of Halco leaving and starting their 
own lands where they bred dinosaurs and made 

plows. After all, Halco had been there first with 
the best. At least, that’s what all of Halco’s 
customers said. 

All farmers knew that Halco would take care 
of them if they traded for Halco’s dinosaurs and 
plows. The farmers weren't sure of the people 
from the new lands that were trading dinosaurs 

and plows — many farmers felt they were fly-by- 
night lands. Thus, the farmers didn’t trade much 
with the new lands. That’s the way Halco kept 
eighty percent of the dinosaur and plow market. 

Whole new businesses sprang up based on 
the dinosaurs and the plows. There were special 
plow and dinosaur modification businesses 
(although the leader of Halco warned the 
farmers that did business with these people that 
Halco wouldn't fix their dinosaur or plow if it 



broke afterwards), there were people that 
specialized in getting a particular dinosaur or 
plow to do a special job in a certain field, and 
even the farmers began hiring people to 
specially handle the dinosaurs and plows. 

Soon the specialists in dinosaurs and plows 
began telling the farmers they worked for (either 
directly or under contract to) that they needed 
bigger dinosaurs and plows. The specialists also 
said more power could be obtained by running 
two dinosaurs linked together. Besides, there 
was less chance of the plowing being interrupted 
then — there would be an immediate backup 
available until Halco could get there and fix the 
problem. Besides, if the farmer had a big enough 
dinosaur or several dinosaurs, then Halco 
would put one or more Halco people “on-field.” 
Then the specialist would have someone to talk 
to in dinosaur and plow jargon. 

Things kept going along and the dinosaurs 
and plows kept getting bigger and bigger. The 
farmers had to produce more and more to keep 
the dinosaurs and the specialists fed. Soon, 
many of the farmers found that the dinosaurs 
and plows were costing them too much for what 
they were getting in return. 
When the farmers told this to the specialists 

and the people from Halco, the specialists and 
the people from Halco said, “Not true! We will 
keep tuning the dinosaurs and the plows and 
you'll get better performance from them. After 
all, Halco is constantly coming out with 

engineering changes and modifications, and we 
are making special on-field modifications for the 
particular fields you have to plow. Wait — things 
will get better. In fact, they’ll get better sooner if 
you get the very latest model of dinosaur and 

plow that Halco has just announced.” 
Some farmers were getting suspicious — they 

wondered if the specialists cared more for the 
dinosaurs and plows than they cared for the 
farmer and his crops. Halco didn’t wonder 
about this — they knew. Halco kept promising 
and delivering bigger and better dinosaurs and 
plows to the specialists. Halco knew who now 
controlled trading for the dinosaurs and plows. 

The farmers kept getting the specialists the 
newest models of dinosaurs and plows and 
watched and waited. Things didn’t get better, 
but what could the farmers do? They couldn’t 
stop now — what would happen to their farms if 
they didn’t have the dinosaurs and plows to farm 
them with? Chaos was in the lands of the 
farmers. 

Then one day aman came from a distant land 
with something entirely new — he called it a 
mule. The man told the farmers the mule could 
pull a plow better than a dinosaur, and it was 

cheaper to own. It didn’t eat nearly as much as 
even the first model of dinosaur, and it took up 
only asmall part of a farmer’s barn. It didn’t need 
a lot of specialists to handle it. It would pull a 
simple plow — something like the original plow 
the first model of dinosaur pulled, but without all 
the complicated hardware necessary for at- 
taching the dinosaur to the plow. The mule only 
needed a simple harness. On top of it all, the 
mule could plow faster than most of the 
dinosaurs. It was exactly what the farmers 

wanted and needed. The farmers started buying 

mules from the man. 
The man sold many mules and many plows. 

Soon farmers were throwing the people from 
Halco and their dinosaurs and plows and 

specialists from their fields — their farms — and 
their lands. The greatness of the land of Halco 
was over. The farmers worked their farms with 
their mules and made bigger profits. Everyone 
was happy except the people from the land of 
Halco and the specialists in dinosaurs and 
plows. 

What happened to the dinosaurs? Why they 
died out — no one could afford or wanted to 
feed them. That’s why dinosaurs are now 
extinct. At least most of them. 
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THEM HOBBYISTS 
b 

HOW ’BOUT THEM HOBBYISTS, 
AIN’T THEY THE THING? 
BUILDING THEM COMPUTERS, 
OUTA’ LITTLE BITS OF STRING, 

LITTLE BITS OF HARDWARE 
AND A WHOLE LOTTA LUCK, 
TIME IT’S ALL TOGETHER, 
IT COSTS A PRETTY BUCK! 

THEM DAREDEVIL HOBBYISTS 
LISTEN TO ’EM MOAN 
TRYING TO BUILD COMPUTERS 
RIGHT THERE IN THEM HOMES 

BUYING THEM POLY-PAKS 
BUILDING THEM KITS 
SOME BUY A SPHERE 
AND SOME BUY A MITS. 

y 
JIM DUNION 

LOOK AT THEM HOBBYISTS 
STRAINING THEIR WITS 
PEERING IN THE INNARDS 
LOOKING FOR THEM BITS. 

LOOKING FOR THE LOOSE WIRES 
LOOKING FOR THE CRACKS 
COUPLA HOURS LATER 
THEY’RE LOOKING FOR AN AXE 

HOW TO BE A HOBBYIST 
I’M GONNA LET YOU KNOW 
GIT YERSELF A MICRO 
AND WATCH IT START TO GROW. 
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What happens when a computer designed to accept 
thought patterns as input tries to output thought pat- 
terns of its own? 

999 END 
READY 
RUN 
*** PLEASE STAND BY *** 

The cursor blinked white against the green screen of the 
cathode ray tube. “Oh, no,” the student thought to herself, 
“what now?” She glanced up over the terminal towards the 
glass wall of the computer room, attempting to see within 
any reason for the halt in service. She scratched the place 
behind her left ear where the electrode rubbed against her 
skin and adjusted the metal cap slightly. Her eyes returned 

‘to the cursor, flicked away, then returned and remained 
fixed. A few seconds later she rose, took the cap from atop 
her head, and set it down on the chair. She ran around the 
terminal once, flopped to the floor, and did ten pushups. 
Then she ran around the terminal twice, flopped to the 
floor, and did ten more pushups. Then she ran around the 
terminal three times, puffing slightly now, flopped again to 
the floor, and did another ten pushups. 

After circling the terminal 55 times and doing a total of 
100 pushups, the girl picked the cap off the chair, replaced it 
on her head, and slumped wearily behind the screen. 

*** CONTINUE*** 

appeared before the girl’s glazed eyes. From somewhere be- 
hind the glass wall arose a deep chuckle. 

keKKK* 

The intercom buzzed twice. The president took his feet off 
the desk, set down the paperback book, and flicked the 
switch. 

“Professor Eckert to see you, sir.” 
The president mentally ran through the names of the 

school’s 253 faculty — his 253, as he liked to think of them — 
but could not place Eckert. “Professor Eckert?” 

“The head of the computer center, sir.” 
“Oh, Eckert, What the hell does he want? If it’s about 

the budget tell him I’m sorry but not another dime for his 
damn tape packs or whatever.” 

“He says it’s an emergency, sir.” 
“Tl bet it’s an emergency. You tell that twerp that if his 

damn machine has screwed up the payroll again I’ll send him 
straight back to typewriter repair school.” 

“He seems quite excited, sir.” 
“He’s probably finally figured out how to get that toy of 

his to do some useful work for a change. Give me two min- 
utes.” The president pushed aside several overflowing manila 
folders, some old issues of the campus newspaper, a half- 
eaten chocolate bar, and a report from a dean who had left 
the college seven months before. He picked the top binder 
from a large pile and opened to a page at random. He flicked 
the intercom switch again. “Send Eckert in.” 

The door opened and a small, nervous man with wildly 
tousled hair took a few steps into the cavernous office. 

“Well, Eckert, good to see you! I’ve just been reading over 
your latest outprint.” 

“Printout, sir.” 
“Well, whatever. I see that the number of students has in- 

creased 2.84736 percent over the past three years, while the 
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number of faculty has decreased by 7.5846 percent and the 
number of administrators has increased by 14.596 percent.” 
eas true, sir. Actually I came to discuss something 

else. 
“] hope it’s not the budget again, Eckert. I am sorry about 

cutting you back this year, but I thought that with that large 
grant from the National Science Foundation you could get 
by without so much help from the college.” 

“Tt’s the NSF project that I wanted to talk about, sir.” 
“You’ve made progress, I hope? It’s almost time for our 

annual report to the government.” 
“Yes, we’ve made progress.” Eckert sighed and gazed at 

the carpet. 
“Well, what is it, then?” 
“As you recall, sir, the grant was to support an experi- 

mental project in artificial intelligence.” 

“Of course I remember.” He didn’t. “I thought at the time 
that developing some artificial intelligence among the faculty 
was a good idea, since they seem to be somewhat lacking in 
the natural kind.” 

Eckert forced a smile. He had heard the joke before. “We 
were trying to work out a means by which instructions 
could be entered directly into a computer without the neces- 
sity of punching cards of typing on a terminal. It’s a pro- 
grammer’s dream!” Eckert’s glowing eyes moved briefly up- 
ward, but were forced back to the carpet by the president’s 
uncomprehending stare. “During the early seventies, various 
means of entering information by voice were developed, 
but . . .” The phone rang. 

“Excuse me a moment, Eckert.” The president picked up 
the receiver. “Yes?” The president listened for a moment. 
“Well, you tell that bastard that he damn well better get 
those lawns cut, and by this afternoon, or I'll fire his ass.” 
The president listened again. “Well, I suppose you’re right. 
Talk to the union steward, then. Ask him to be reasonable, for 
once.” The president slammed the phone back into the 
cradle. “Dammit, nobody ever does anything around this 
place. Now where were we?” 

“I was explaining the background of the NSF project.” 
“Oh, right. Go ahead.” 
“The vocal techniques worked fairly well, but they were 

very sensitive to slight changes in tone — a strange voice 
threw them off completely, and even a sore throat could 
cause trouble. Besides, they were slow. A human can think 
much faster than he can speak.” 

“Seems to me we’ve got quite a few people around here of 
whom exactly the opposite is true.” 

Eckert forced another smile. He had heard that one before, 
too. “In any case, we wanted to develop a technique for 
entering information directly from the brain into the com- 
puter. No typing, not even any speaking. So we formed an 
artificial intelligence lab, applied for a government grant, 
and began working. That was three and a half years ago.” 

“Yes, you took over the old bus garage, didn’t you?” 
“The old boiler room, sir, when the college installed the 

solar panels. But we’ve gotten most of the soot out by now. 
You’d hardly recognize the place. Anyway, eventually we 
developed a sort of metal beanie through which the brain 
could transmit information directly to the computer. The data 
channel was designed to be one-way — the computer could 
send information back to a fast terminal device, as usual.” 
Eckert paused, sighed, and resumed speaking. “We 
gathered some student volunteers, all experienced program- 
mers, and turned them loose with the beanies. Until last 



week everything was going fine.” 
“Yes?” The president knew better then to ask directly 

what had gone wrong. He passed his hand over his forehead, 
trying to wipe away visions of dazzled students with hair 
standing on end and eyeballs rolling idly. 

“Then we began noticing that the participants were be- 
having strangely. First they began volunteering to sweep out 
the computer room.” 

“Sounds good to me.” 
“Yes, but not every hour. Then they began offering to oil 

the tape drives, vacuum the disk packs, and empty the chad 
box on the card punch. Finally we had to lock the machine 
room door so we could use the equipment.” 

“What are you suggesting, Eckert?” The president’s tone 
had changed. 

“Well, apparently the computer has grown .. .” 
“GROWN?” 
“Well, developed, then, another circuit, which somehow 

lets it program the students.” Eckert stopped. 
The president tried to absorb the news. “So we load the 

thing with calculus, plug in all the students, and cut back 
the math department? Well done, Eckert!” 

“No, sir, I’m afraid that’s not exactly what I wanted to 
say.” 

“What’s the problem, man?” 
“You see, we don’t know how to control what the students 

are being programmed to do. The computer seems to be 
doing it on its own.” 

“Son of a bitch.” The president savored each syllable. 
Having the payroll screwed up was nothing. 

“I wanted to alert you to the, uh, situation as soon as I was 
sure that it was really happening. I have my best programmer 
working on it right now,” Eckert lied. 

“Your best programmer? Why can’t you do it yourself?” 
“Well, I’d like to, but I have the daily, bi-weekly, weekly, 

semi-monthly, monthly, quarterly, and annual reports to get 
out, besides the new grading system and the classroom space 
evaluation.” 

“Of course. Well, all I can say is you’d better get some 
action . . .” There was a scuffling noise in the outer office, 
the sound of a body being pushed against a wall, then the 
door was jerked open. A large, bearded student ran across 
the room, pushed a custard pie into the president’s face, and 
left as quickly as he had come. 

kkKRKK 

Eckert pulled open the door of the computer center, pushed 
past a student doing frantic jumping jacks, and edged be- 
tween two girls playing a game of imaginary tennis. He 
entered his secretary’s office. “Has Tom arrived yet?” 

“He’s waiting for you inside.” 
Eckert tried to open his door. The knob came off in his 

hand. He sighed. “The door is still broken.” 
“I know. I’ve asked to have it fixed, but there’s no...” 
No money in the budget, Eckert thought, and rapped on 

the door. It was opened from the inside by an emaciated, 
acne-scarred student wearing pants several inches too short. 
He was rubbing sleep from his eyes with his free hand. 
“Hello, Tom. Thanks for coming over. I know you were up 
late last night straightening out that problem with the For- 
tran compiler.” 

“I found a bug at 04756 octal — a zop fault which under 
certain circumstances prevented the J-block from linking up 
with the permfile.” 

“Well, thanks for fixing it.” Eckert carefully closed the 
door behind him. “Tom, I wanted to talk to you about the 
artificial intelligence project.” 

“You haven’t let me work on that one yet.” 
“I know, Tom. I thought we could use you more effectively 

somewhere else.” The true was, Eckert mused, that Tom 

b 
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seemed to relate a lot better to machines than to anything 
which involved people. “But we need your help now.” Eckert 
recounted the problem in detail, emphasizing the machine- 
language programming techniques which had been used. 
“We’ve got a list of all the students who participated in the 
project. Of course we’ll have to scrap the whole thing now, 
but first we have to find some way of, well, de-programming 
them. That’s where you come in. Do you think you can 
handle it?” 

‘Tll try.” This was Tom’s way of showing enthusiasm. 
“Can you give me access to the documentation?” 

“Yes. My secretary has all the information on her desk.” 
“OK. I'll try to find the problem. Then we can round every- 

body up and unload them all at once. I'll be in touch.” Tom 
reached for the door, ignored Eckert’s warning cry, and 
pulled off the other doorknob. He slammed the door, locking 
Eckert into the office, took a large pile of jumbled papers off 
the secretary’s desk, and left the center. 

kKekEK* 

Eckert stood nervously behind the control console. “Are 
you sure this is going to work?” Tom did not bother to look 
up from the keyboard. 

“We’re ready to go.” 
Eckert left the machine room and surveyed the small 

group of waiting students. “All right, everyone, we’re going 
to try a new type of experiment.” Eckert felt a momentary 
twinge of guilt for not having told the students what had 
happened — or what he hoped was going to happen now. 
“Please put on your beanies and sit down behind a terminal.” 
The students scuffled noisily into their places, and Eckert 
walked behind the row of terminals to be sure that every- 
thing was ready. He signalled to Tom through the glass. Tom 
typed a few characters and looked up expectantly. 

KRKKEKK 

There was a knock at the dormitory-room door. Tom 
looked up from the latest issue of Computing Reviews, 
glanced at his watch, and said, “Come in, Cindy.” The door 
opened, and a lithe, tanned girl with long brown hair and a 
perplexed expression entered. Cindy removed her pullover, 
kicked off her shoes, and slid out of her bluejeans. Tom got up 
from the desk, locked the door. and switched off the light. 
“ve been expecting you.” & 



HOW I INSTALLED A 
YELLOW COMPUTER 
AND SAVED 50¢ A 

WEEK 

by Alex Ragen 

Our firm, Amalgamated Paper Bag Company, is a small 
* manufacturer employing two dozen production workers and 
four clerks, and is located in a rather remote part of the 
Brooklyn waterfront. I was quite surprised then, when my 
secretary (who is also my bookkeeper and my wife’s second 
cousin) told me that an I*M salesman was waiting for me in my 
office when I arrived one morning. 

“We're a very small company,” I explained politely. “I don’t 
think we can justify a computer here.” 

“Sir,” he answered. “I suppose you haven’t heard about this 
morning’s historic product announcement — a new series of 
small business computers designed especially for firms like 
yours.” 

“But our firm is very small, | don’t think —” 
“Our biggest small computer is the System 1/3,” he 

interrupted. “For smaller businesses we have the System 1/32, 
which fits into a desk drawer, or the System 1/360, which fits 
into a standard business envelope, or the System 1/370, which 
fits into a standard ball point pen refill.” 

“But —” 
“As an introductory offer, valid for ten minutes only, you can 

have a System 1/32 with 16 bytes of memory, three tape drives, 
six disk drives, two high speed printers and all the programs you 
can compile in a day for $1 per week for the first year. Extra 
memory, controllers and software are not optional but do cost 
more. Sign here please, and don’t forget — the offer expires in 
six minutes.” 

“But what about people to operate the computer?” 
“Do you have a B.A.?” 
“Yes, in anthropology. But I don’t know a thing about 

computers.” 
“It doesn’t matter. We’ll enroll you in Columbia for a 

doctorate in computer science. In no more than three years, 
you'll know everything there is to know. We'll even get you a 
discount on the tuition, and in the meantime we'll supply the 
programmers and operators at a small additional charge. 
Anyway, you can always use our standard packaged systems 
which already work just fine for thousands of small businesses 
just like yours.” 

“But there is no business just like mine,” I protested. “And 
how could these programs be working already if the computers 
were just announced today?” 

“They were simulated on other computers, of course. I see 
you still have a lot to learn. The offer expires in thirty-four 
seconds, sir, so I’d appreciate your John Hancock right here.” 

What can! say? The lure of being the first of my competitors 
to plunge into the twentieth century was too much for even a 
hardened businessman like me to resist. I signed everything, 
and a month later the computer arrived. 
“Now you can fire your bookkeeper,” the salesman said as 

the computer was being unpacked. “The computer will do all of 
her work and you'll save a bundle.” 

tid, 

“Are the programs ready?” I asked. 
“Not yet,’ came the confident reply. “But they will be 

tomorrow. Now let’s get to work on the programming specs.” 
But the programs weren't ready on time. To the salesman’s 

credit, it wasn’t his fault. As he later explained, the computer 
was So new and revolutionary that the systems software (I didn’t 
know what that was then but I do now) wasn’t entirely reliable. It 
seems all that clever simulation on other computers hadn't been 
so clever after all. But, as the salesman said, this was something 
that nobody could possibly have foreseen at the time. So 
nothing worked. 

Of course I had fired the bookkeeper right away, so! had to 
stay up late nights with the programmers helping them to iron 
out the bugs (it’s amazing how quickly I learned the colorful 
jargon of the trade). The fact that the programs didn’t work was 
really of secondary importance, since we had a much more 
serious problem in that the data base periodically vanished from 
the disks. This, as the salesman so helpfully explained, was 
because of an unfortunate typographical error in the engineer- 
ing specifications for the disk drives, as a result of which the 
drives functioned only within a temperature range of two 
degrees and were also especially sensitive to humidity and to 
the presence of nylon stockings. We discovered this when a 
woman programmer unexpectedly became pregnant and quit. 
The implementation timetable was knocked back by eleven 
months since she hadn’t documented a thing and everything 
had to be rewritten from scratch, but disk errors were less 
frequent afterwards. 

Once a group of three technicians spent two days replacing 
all the circuit cards. Things were better for a while, but soon 
everything was back to the normal state of chaos. 

Finally, after a year and a half, enough programs were ready 
so that we could start relying on the computer and stop triple 
checking its arithmetic. We had alittle party and got drunk, and 
since then everything has been just fine. 

Our salesman has got me thinking about a data base 
telecommunications on line order entry enquiry system with a 
little TV terminal in my house. He said the programming effort 
for the conversion should take about a month, since the 
company has a new super language. I’m giving the subject some 
serious thought. 

As for the ultimate question of whether we saved any money, 
its a bit difficult to say. We did save the salaries of the 
bookkeeper and some other clerical help, but this was offset by 
some hardware we had to buy, programming services, orders 
canceled because of delays directly attributable to the 
computer’s idiosyncracies, and medication for an ulcer | 
developed. For the year and a half we’re ahead by about $40, I 
think, or about four bits a week. I’m not complaining. It could 
have been worse. | could still have my wife’s second cousin 
working here. @ 



MINS AND MICROS ARE 
A TONS ? You NEED 12-Bir 
H WORDS To BO ANYTHING 

OUR STORY 

OPENS AS 
PSEUDO HERO, 
SALESMAN For 
PLANETARY 
HERCULEAN 
COMPUTERS, 

1S TALKING 

To AN UN- 
SUSPECTING 
H.S. PHYSICS 
TEACHER , 

To LAND THIS LIL’ 

MoGEL ROCKET 

NO CHANCE ON A MII OR, 

MIcRO In BASIC J THaT's A 
MACHINE COKE JOB FoR AS24Kc 

Sorry LYSoL. ALL ooR 
QLOGET Wi GO FoR 

HAROWARE. NO CREATIVE J 
COMPLTIN G , 
Svea'ns Now: 

LYSOL 
EXCUSES 
HIAASELE, 

VTHIS \S DEFINITELY J 
A JoB FOR «..-. 

LET'S SEE. THAT old 
NASA PROGRAM IS 
2.6m WoRdS. Now To 
COMPRESS IT TO 4k 

READERS ! WANT To TRY To MAKE 
A SOFT LANBWG ON THE 
Moon ? LUMAR In 
Basic FITS Wi O.6K 
LOSER SPACE F AtonG 
WITH {60 OTHER GAMES 
IN "loL Baste COMPUTER 
GAMES." oncy $8.25 
POsTPAIO FROM : 

CREATIVE COMPUTING 
P.O. Box F89-W 
MoRetstown NI 

OT%60 

GCoD wek FP * Yes astute readers — Creative C ‘ F —. oOmpuhng's erudite, ef: 3sy-going Edu-Man 1s indeed the twin fogct ae of rimupepe dg oS foulmovthed Wonder Wavt Hog. Apologies +o Gilbert Shel-+tow , ae iy _ 

118 



OVR SToRY OPENS AS ACE CREATIVE 

COMPUTING SALESMAN, RONALD LYSOL, 
He | MAKES HIS ROUNDS OF SCHOOLS AND 

COLLEGES ANO KEEPS HEARING THE 
— 7 FOLLOWING Sow STtoRY.... 

be BUT AL OUR 
BUDGET GOES 

THE RUMOR | 
MONGERS Ny 

MEANWHILE THE SIH 
SALES MANAGER IS 
ADDRESSING THE SIH 
(EG) SALES FORCE... 

LTE 
at 

WHILE AT THIS VERY AND ADMIRAL WATSON SPEAKS To WITH ALL THESE MALICIovS Rumors 
MOMENT, GENERAL DATA A SMALL GROUP OF WAND PICKED FLYING ABooT, THIS IS OB 
1S SPEAKING To THE SELECT TROOPS ..-- A JoB For... 
AVON SALES FoRCcE ... BASIC? BASIC ? t 

WHAT IS BASIc ? 
ONLY ONE VENDOR FER 
CUSTOMER. GET ‘EM? 

FIRST L VISIT WELLESLEY WHERE T 
EXHIBIT MY FAMOUS ACCORDION IN 
WHICH IT CRUSH 36 RUMOR MONGERS 
TTo IC'S WITH MY BARE HANDS 

JUST AS FORMIDABLE ,wuHicH 1t Dew- 

ONSTRATE Now IN ARMONK, IS 
MX FAMOUS REPERCUSSION PUNCH ! 

PRADA PP PAPIAD 

*Ves, astute readers — Creative Compunng's erudite, effervescent, 

Rasy-going Edu-Man 1s indeed the twin brother of fearless, fighting, 

foulmovthed Wonder Wavt tog. Apologies to Gilbert Shelton, — BHA 

119 

AND New FoR THE LAST Word. 
IF You USE MINIS AND MICROS 

WISELY, You°LL HAVE PLENTY OF 
MONEY LEFT OVER FOR SUB'NS 

To CREATIVE COMPUTING. 
(AND PERHAPS A BIT FoR YouR 
FRIENOLY NEIGHBORHCod SOLPER 
WART-HoG 

© CREATIVE COMPUTING 



& L6H SIDE OF ROBOTS 

“A box of CMOS please. He gets terrible migranes when he 
has to do intricate figuring.” 

“My programmer doesn’t understand me.” 

“Never mind the sack; I'll eat’em here.” 
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He LGR SIDE OF COMPUTER DATING 
© CREATIVE COMPUTING 

NINA / 

ScHochet 
© CREATIVE COMPUTING “To think | needed a computer to find YOU!” 

XI i AA i BR EMO ION eEMeenoe 

“Let’s not rush things now Miss Jablonski.” 

MATE: e- PET 
COMPUTER SERVICE. 

ane A 

“| think | forgot to tell the computer that Bambi is a “Cinderella and the Prince could have made it a whole 
Great Dane.” lot easier on themselves if they'd used computer dating.” © CREATIVE COMPUTING 
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The Nords walked around with 
their eyes on the sky and thair 
hands on largg swattars. 
There was a good reason for - 
this: the skies were full of large 
bugs called snits. 

The snits were not considered a blessing. The snits 
had a bite that felt like the caress ofa chain saw. 
A Nord bitten by a nit broke out in spots and 
developed an oder so horrendous that it was 
calicd The Gurs¢, The condition lasted six months. 
It was 3X months in isolation for no one could 
stand the odor. 

SEE YOu IN 

SIX MONTHS. /}; 
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Then the Nords davcloped the technology 
torid themselves of the snits. It was 
in the form of a robot equipped with 
a large swatter. The Nords built an 
army of them and programmed them 
fo kill all snits. The Nords figured 
heaven was just around the.corner. 
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The robots began by chasing shits 
all over creation but it wasnT 
long before the robots discovered 
that the snits had only ong 
source of food: the Icavas of the 
Maunt plants. Programmed to 
destroy all smits and computing 
caus¢ and effect as being one and 
the sama , the robots used their 
swattars toreduce all the Maunts 
to manglad pulp. 
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That was unfortunatz. What the robots didnt know (and couldn't 
have known since the information wasnt included in their programs) 
was that the secds of the Maunts were the only source of birth 
control the Nords had. 
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Desperation sefin. Laws ware 
passed. Mating Was restricted 
to three days a year. The 
robots ware reprogrammed 
and usdd as police. Ona was 
assigned fo gach home, Any 
couple attempting to maiz on 
any other than the threz 
designated days taced the 
possibility of being reduced 
To manglad pulp. 
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A computer invited to sup, 
fumbled with platter and cup, 

= IgE? with fork and with knife, 

SSCaaae and, asked about life, 
mumbled, “It doesn’t add up! ” 
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GLOROBOTS 
Gloria Maxson A robot of amorous renown 

broke the whole powerplant down 
by starting to pet 

with an old TV set, 

which totally blacked out the town. 

There'll be computers of size, 
and some they will miniaturize 

to do the small tasks 
that everyone asks, 

from scratching, to knotting of ties. 

POACEAE CERESCIOEIEIENE o 
as 

4 A new synthesizer named Moog, 

, and an old-fashioned organ named Oog, 
had a concert to test 

Ee which one played best, 
Jv and are having it yet, Moog and Oog. 

KG Z| 
Xe I heard an old robot explain: 

< “We were evolved to be sane, 

Xe with Seat rite A robot with lofty inflection 
< Se ee Se ee read Stein in the poetry section, 

BEE the other nine-tenths of their brain. bubvead ih“ Atoce 

z is arose is arose,” 
oe and thought it concerned resurrection. 
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-”) Yanan - 
A robot domestic named Grace 
would work any time, any place, 

and never relent, 
because she was bent 

on expanding the customer base. 

WARRANT 
AAA mytily 4m 

A computer designed to compute 
a couple’s rapport or dispute, 

typed “Yes!” unashamed 
when the young lady named 

it in her paternity suit. 

aa TH au MU 

A robot in tracking had fun 
in a way calculated to stun: 

he wore hunting suits, 
bold hats, and big boots, 

and carried an elephant gun. 

127 

An old robot thought it was hell 
that he was unable to tell 

how feeble he got, 
since it was his lot 

to be terminal even when well. 

A robotical butler named Jeeves 
was given no further reprieves 

after asking a guest 
for his coat, hat — and vest, 

shoes and socks, shorts, and shirtsleeves. 
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H sccolt has to be a hardware erroreece! 

David Ahl 
CREATIVE COMPUTING 

Dear Mr. Ahl: 
Nicholas Meyer discovered the previously unknown Sherlock Holmes 

adventure, The Seven-Per-Cent Solution and electrified Holmes’s present 
day followers with the establishment of a link between Holmes and Freud. I 
have just discovered a link between Holmes and several of the pioneer 
thinkers in computing, an exciting tale which Watson appropriately dubbed 
The Floating Point Solution. Certainly there are descriptions of Holmes in 
many of the previously published tales which suggest how close his 
mentality was to that of the typical programmer /analyst. Nothing, though, 
even approaches the truth embodied in The Floating Point Solution. 

Unfortunately, the manuscript itself is not yet in a publishable form and 
so I can not really submit it to you for serialization in Creative Computing. 
At this time, the most I can do is allow you to publish a few of the Sidney 
Paget illustrations which had been prepared for this tale but were never 
published. The captions will convey a bit of the drama of the tale itself but 
will not, I trust, give the story away completely. 

You may expect to hear from me again. 

Sincerely yours, 

Robert P. Taylor, Esq. 
Kings College, Budo 

"Yes," mused Holmes, pondering the unfortunate operator's 
body, "one never knows in advance how the disgrantled 
user may reaCteccecee' 
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/ WES, NOWISEE X yes AND | 
{THAT'S ME...IN. ) MUMMIFIED YOUR 

| SUCH T ; 
\...DIDN’T I DIE? A REVIVE YOU!) 7 

2024! 'D’VE HAD you! | SC IA SUPPOSED 2 \MY DEAR Bow’ 
UP SOONER BUT YOUR | | TO BE GRATEFUL...? } P/M GOING TO 
HAIR TOOK TWO WEEKS| | GOING TOWORK / CORRUPT YOU 

TO GET RIGHT... 7 BEWOND YOUR 
i ™ WILDEST DREAMS! 

STEP OUT ONTO THE 
BALCON® AND GAZE 

_.THE GLITTERING SKYLINE 
OF MARSPORT/ 

©1977 Ned Sonntag 
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= R et Kooms 

“This year’s social studies project,” I 
ingeniously announced to the moppets in 
my elementary class, “is to learn about the 
computer industry.” I proceeded to 
produce films, books, magazine articles, 
lectures and the obligatory field trip. 
When the term had come to its close, 

they demonstrated the wealth of their new 
knowledge in test papers, reports, and 
homework assignments. 

If you are overworked, discouraged or 
tired, have no fear, the next generation is 
almost ready, as you will quickly ascertain 
from these quotes from their writings. 

“Take a good long look at a computer. 
Does it have input, output, a bit of binary? 
No, you say to all these questions? Then 
you are not taking a good long look at a 
computer.” 

Out of the Mouths of Babes 
Eve R. Wirth 

“Girl computer workers have to make 
real certain all the holes are in the right 
spots, because if not then how will the 

computerman get in them.” 

“Lots of people are working in the 
hustling bustling business of computers. 
There could easily be 1000 of them doing 
this. Maybe 5000 doing this. Might even be 
a million. I can’t be too for sure because it 
takes just about all of my knowing to even 
know that lots of people are working in the 
hustling bustling business of computers.” 

Ca 

“Just yesterday when I read my libury 
book I knew real good what computers 
axaly do for us, but today it’s a different 
colored horse story.” 

“Question: What do you think is the 
greatest feat of the invention of the 
computer? Answer: “I didn’t think it has 
feat, but when I think about it I would say 
the right foot is the strongest and 
greatest.” 



“In the pre-me times of history one daya Question: How long have computers been 
guy decided to make a machine that could in existence? 
do stuff faster. He thought it was high time Answer: “Since the beginning of time and 
for action, so here’s what he did. He put maybe even longer than this.” 
alot of holes in it and lots of buttons and 
stuff, and when you pressed the buttons 
zoom-voom-boom you got your answer 
and then everybody yelled with their deep 
throats woopee, yippee and maybe even 
sock-it-to-me.” 

“Remembering eggacly what ‘binary’ 
means is something that is forever going to 
be on my mind.” 

“What a ‘bit’ is has a very short memory 
on my end.” 

== =i Question: How longare people in school to “The very first modern computer was 
learn about computers? Answer: “They built in the dark ages of 1930, in either the 

could be anywhere from 5 feet and up.” A.D. or V.D. times of history. 

“A bit of blarney is computer talk for all “If you like to fool around with figures 

practical purposes invented by the Irish.” alot then become a design engineer. My 
Uncle Henry is one, and he fools around 
alot with figures.” 

“I was so glad in my body to know that 
someday I would go to school to find out 
how to be a computer programmer. I had 
so many glad tickles in my stomach about 
it. Then with a sudden finding out that I 
also wanted to be a pilot, all my glad tickles 
went down my throat upside down and 
with a lump coming of sadness it was all 
over me being a computer programmer.” 

: i 7 =; “A lady computer operator and a man 
ie computer operator are the same, only just 

the opposite in the you know where 
| ¥ places.” 

; 

rar | 
al ‘ “They are producing more and more 

fe] Oi & | people to work on computors anally.” 
m: Ht a 

Hy ! | | I “From now on, after learning all about 
+ computers, I’m going to think wonderful 

; | happy-that-you-made-it-so thoughts witha 
; a LA | smile in my heart.” 

! | i Aren’t you? 2, rh | | y 

i Illustrations by Detta Ahl and Robert Green IV 
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It bugs us here at Creative Computing 
when the mass media blame various 
problems on the computer. Even people in 
government, business, and schools find the 
computer a convenient scapegoat for 
problems actually caused by a 
programmer, keypuncher, faulty data 
collection techniques or other non- 
computer facets. 

In this continuing column, we'll reprint 
articles or quotes which blame various 
catastrophies or problems on the com- 
puter. It’s up to you, the reader, to decide 
whether the computer is actually to blame. 
Also, if you spot an appropriate item for 
the “Bugs” column, please sent it in. 

Computer Fills Hotel 
With Angry Rumors 

CHICAGO, Jan. 8 — Four thousand 
persons received letters yesterday thank- 
ing them for staying at the Oxford House, 
a downtown Chicago hotel. 

Unfortunately, the 4000 letters had gone 
to the wrong addresses. 

A computer error sent letters intended 
for Oxford House clients across the nation 
to 4000 Chicago residents. And in that 
friendly way computers have, each letter 
addressed the recipient by his or her first 
name. 

“The phone hasn’t stopped ringing 
all day,” said Jerry Belanger, general 
manager of the hotel. 

“One woman who received the letter is 
expecting her fourth child. Now she says 
her husband doesn’t believe it’s his,” he 
moaned. 

“Another woman who is suing her 
husband for divorce thought she might 
have some incriminating evidence to use. 
She was very upset when she found that 
the letter was a mistake. 
“Some men called and demanded a 

retraction while their wives listened in on 
extension phones. 

“The husbands were really the most 
irate. They got the letters but their wives 
opened them. Some couples said it was 
destroying their home life.” 

More than a few callers threatened 
lawsuits. 

Belanger thought the mess _ had 
something to do with a mix-up in 
computer tapes by a letter-mail firm that 
had purchased address lists of department 
store credit card holders. 

He said the computer was composing a 
letter of apology. 

The Chicago Daily News 

Still a Few Bugs 

in the System 

Unexpected Bonanza 
Thanks to Computer Error 

ST. PAUL, Minnesota, Sept. 23 (AP) 
— Itseemed like a bonanza to Joseph 
Pearson and his wife. The checks which 
came at intervals to his St. Paul home 
from the state totaled more than $25,000. 
Pearson says, “I saw ‘Education Depart- 
ment’ on the checks so I assumed they 
were from the Division of Vocational 
Rehabilitation. I didn’t question them. | 
thought it was something I had coming.” 

The 52-year-old Pearson — who now 
manages several apartments — _ had 
injured his back on a construction job in 
1969 and had been out of work for two 
years. He began taking a state rehabilita- 
tion program for job retraining. He 
dropped out of that in 1972. Three years 
later, the checks started coming. 

The first check arrived in January 1975. 
Pearson thought it was a payment of 
benefits from the state because he couldn’t 
work and had failed in the retraining 
program. Another check arrived in May 
of 1975. Then in September 1975, there 
was a check for more than $22,000. The 
fourth check arrived last May. 

Pearson says, “I partied. I vacationed. I 
bought clothes and things that my wife 
and daughter didn’t have during hard 
times.” 
Now Pearson is being sued by the state 

for the proceeds of the four checks that 
had been made out to him by mistake. 

William Frietag, Superintendent of the 
Chandler, Minnesota school district, 
noticed a shortage of $25,585.76 in the 
state Transportation Aid account for his 
district. Pearson and the school district 
had been assigned the same computer 
number and the checks went to Pearson. 

Michael Bradley, an Assistant Attorney 
General assigned to the state Department 
of Education, said it is the only instance in 
state history of such a computer error. 

Computer Produces 
Shocking Invoice 

So you think you have insurance bills? 
In Miami, Florida Baron Vladimir Kurt 
von Pousental received a shocking invoice 
for $5362. The 81-year-old motorist 
complained it was a bit steep for his 2- 
year-old chauffeured car. He also pointed 
out that his chauffeur had not collected 70 
points for traffic violations as his in- 
surance company claimed. The company 
replied that it was the computer’s fault — 
one zero too many against the chauffeur. 

Road and Track 
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Bankrupt by Computer, 
Frenchman Wins $300,000 

GRENOBLE, France, July 17 (Reuters) 
— ‘A fruit and vegetable wholesaler has 
been awarded $300,000 in damages after 
being driven to bankruptcy by a bank’s 
computer error. 

The computer of the state-owned Credit 
Lyonnais persistently rejected Eugene 
Rochette’s checks to his suppliers cn the 
ground of insufficient funds. 

The suppliers protested to Mr. 
Rochette, who found his business, mainly 
with supermarkets, crumbling. Within 
weeks he was declared bankrupt. 

Last year a lower court granted him 
$150,000 damages. The bank appealed, 
and an appeal court doubled the amount. 

Woman Billed for 
Computer Goof 

WASHINGTON — Though it wasn’t 
her fault, a woman in New York owes the 
government $312 because a stupid com- 
puter put too much into her Social 
Security checks over a four-year period. 

—The Wall Street Journal 

Action Line 

I received a notice from Social Security 
that my Survivor’s Benefits were being 
terminated because I was no longer a 
fulltime student. I can’t understand this 
because I’m registered at Henry Ford 
Community College for the fall semester 
so | should be eligible. I tried to find out 
what’s going on but all I got was the 
runaround. Will you please look into 
this?—D.M., Dearborn Heights 

Somehow computer convinced itself 
you were no longer continuing student, 
notified Social Security office personnel to 
send termination notice. Rejection meant 
you were broomed from benefit pool and 
Social Security stopped check flow effec- 
tive August. Proper forms reinstating you 
are already in works and Social Security 
folks told Action Line you should receive 
$609 benefit check—covering August, 
September and October—in few weeks. 

(From the Detroit Free Press. Thanks 
to Paul McCullough, Flint, Mich. for 
sending this in.) 
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COMPLET 
CORIPUTEH 
CATALOGUE 
Reader Note 

Please keep in mind that these 
entries are from the year 1977. All 
items, organizations, and miscel- 
laneous may no longer be available 
or in existence. Check first with the 
addresses provided. 

ORGANIZATIONS 

JOIN FASST FAST 
FASST (Forum for the Advancement of 

Students in Science and Technology) is a 
non-profit educational student organization 
representing individual members and 
chapters throughout the country and 
abroad. Dedicated to provide information 
for both the technical and non-technical 
student, an annual membership brings you: 
FASST NEWS, a quarterly tabloid covering 
a potpourri of science and technology 
developments and policy issues and FASST 
TRACKS, a quarterly newsletter containing 
organizational news, resource listings, op- 
portunities for involvement, and listings of 
regional and national conferences. $5 year. 
FASST Headquarters, 1785 

Massachusetts Ave., N.W., Washington, 
DC 20036. (202) 483-2900. 

NATIONAL CONSORTIUM 
FOR COMPUTER - BASED 
MUSICAL INSTRUCTION 

The NCCBMI provides a Forum for the 
exchange of ideas among developers and 
users of computer-based systems for musical 
instruction, establishes and maintains a 
library of music courseware, reduces redun- 
dant effort among courseware and hardware 
developers, and provides consultation for 
new users of computer-based musical in- 
struction. It meets semi-annually, and held 
its last meeting Feb. 22-25 at the Hotel 
duPont, Wilmington, Delaware. 

Contact Fred T. Hofstetter, NCCBMI, 
Music Department, University of Delaware, 
Newark, Delaware 19711. 

NASAGA 
The basic goal of the North American 

Simulation and Gaming Association 
(NASAGA) is to advance an optimal, 
responsible application of the technique of 
simulation and gaming. The objectives of 
the Association are: to facilitate com- 
munications among persons interested in 
the field of simulation and gaming; to 
promote the training of specialists in the 
field of simulation and gaming; to 
facilitate communication between these 
specialists and policy-makers, students, 
and other concerned persons; and to 
promote the development of better techni- 
ques in the field of simulation and gaming. 

Annual membership in NASAGA 
begins July | each year. Anyone becoming 
a member for 1977-78 at a cost of $12 will 
receive: a membership directory; a special 
NASAGA members rate at the 1977 
NASAGA conference; a membership 
card; a _ one-year subscription § to 
Simulation/ Gaming; and an opportunity 
to contribute to expanding the use of 
gaming and simulation. 
NASAGA % COMEX — Davidson 

Conference Center, University _ of 
Southern California — University Park, 
Los Angeles, CA 90007. (213) 741-6569. 

CENTRAL STANDARDS 
LIBRARY 

To help solve some of the standards 
problems in the hobbyist computer and 
microcomputer field, ALF Products is 
sponsoring a Central Standards Library as 
a means of standards information ex- 
change for manufacturers, consumers, 

hobbyists, and others interested in stan- 
dards. The Library will collect submitted 
standards and distribute them on a non- 
profit basis. 
_ Manufacturers currently participating 
include: ALF Products, IMSAI Manufac- 
turing, PolyMorphic Systems, Proko 
Electronics, Vector Graphic, and Video 
Terminal Technology. For more informa- 
tion on available standards, on how to 
submit standards, and on the library’s 
services, send $1 (to cover printing and 
mailing costs) to: The Central Standards 
Library; c/o ALF Products Inc.; 128 S. 
Taft; Denver, CO 80228. You will receive a 
copy of the first CSL Newsletter and the 
first submitted standard (a parallel inter- 
face standard). 
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CONDUIT 
CONDUIT, an organization which has 

been working to improve instructional 
computing at the college level since 1972, 
has been re-funded by the National Science 
Foundation to continue its activities for at 
least another two years. CONDUIT 
distributes quality instructional computing 
materials for higher education. 

To perform this function, CONDUIT 
searches for quality computer-based in- 
struction, peer-reviews such units to 
validate substantive content, tests software 
to ensure technical correctness and 
reliability, packages curriculum units so 
that both the software and teaching 
techniques are transferrable, and dis- 
tributes these products on a national basis. 
CONDUIT now distributes 41 

curriculum units covering topics in 
Biology, Chemistry, Math, Management 
Sciences, Physics and Social Sciences. 
More units are being actively sought; the 
addition of approximately thirty packages 
per year is planned. 
CONDUIT also developes guidelines 

and reports. One such product will be a 
second set of discipline-oriented “state of 
the art” reports, telling instructors how 
they may become involved in instructional 
computing and what is going on currently 
with computers in their own discipline. 

For more information (including a 
complimentary copy of the CONDUIT 
newsletter, the Pipeline) write to CON- 
DUIT, Box 388, Iowa City, lowa 52240. 

COMPUTER ARTS SOCIETY 
The Computer Arts Society (CAS) was 

launched into existence with EVENT ONE 
at the Royal College of Art in 1969. As 
regards the Society’s name, Alan Sutcliffe, 
Chairman of CAS since its inception, 
remarked in Page 13: “Some attitudes were 
agreed by those of us who first met . . . to talk 
about forming the Society. They were 
attitudes of neutrality and inclusiveness. 
That is why we chose the commonplace 
name of the society, even while agreeing that 
the term Computer Art was to be 
déprecated. It is still convenient shorthand 
for “creative work in which a computer has 
been used.’” 

In 1971, CAS established a policy of 
awarding honorary life memberships in the 
Society. John Whitney, Sr. (1971), lannis 
Xenakis (1972), and Edward Ihnatowicz 
(1973) are the first three artists to be so 
honored. 



The main communication of CAS is its 
newsletter, PAGE, which is published eight 
times each year. This newsletter contains 
commentary, reports, short articles, book 
reviews, and miscellaneous items related to 
the use of the computer in the arts. Most of 
the issues are published in England, but the 
membership is spread throughout the world. 

U.S. and Canadian members of CAS also 
receive a single sheet bi-monthly announce- 
ment entitled HAPPENINGS; its purpose is 
to announce local shows, lectures and other 
events. 

The Society aims to encourage the creative 
use of computers in the arts and allow the 
exchange of information in this area. 
Membership is open to all at £2 or $6 per 
year, students half price. 

Alan Sutcliffe, 4 Binfield Road, 
Wokingham, Berkshire, England. 

U.S. Branch (CASUS) Coordinator: Kurt 
Lauckner, Mathematics Department, 
Eastern Michigan University, Ypsilanti, 
Michigan 48197, U.S.A. 

NATIONAL COMPUTER CLUB 
Organized to provide communication 

among hobby-computer clubs, the 
National Computer Club has been formed. 
Over 45 club leaders and representatives 
met at the first Club Congress in June at 
NCC in Dallas. A committee was formed 
to discuss the services that should be 
provided by a national society for personal 
computing, and will meet at various 
computer shows. 

The Committee’s secretary is Jim White, 
1202 River View Lane, Watertown, WI 
53094. 

MAGAZINES, 
JOURNALS, 
NEWSLETTERS 

INTO EVERY LIFE A 
LITTLE RAIN MUST FALL 
And if the rain is Rain magazine, consider 

yourself fortunate indeed. Rain is a lively 
publication which has for a subtitle “The 
Journal of Appropriate Technology.” It runs 
about 24 pages per issue and carries mainly 
resource notes (similar to the Catalogue 
section of Creative) on a wide variety of 
subjects such as agriculture, architecture, 
education, energy, tools, health, soft 
technology, communications, food and 
nutrition, yes, and even computers. Rain 
started off with a bias toward the Pacific 
Northwest but today covers all of North 
America quite well. Annual subscription of 
12 issues $10. “Living lightly” subscription 
rate is $5 (“living lightly” means you really 
can’t afford $10). Sample issue $1. 

RAIN, 2270 N.W. Irving, Portland, OR 
97210. (503) 227-5110. 

COMPUTERS IN CHEMICAL 
EDUCATION 

The Committee on the Role of Computers 
in Chemical Education of the Division of 
Chemical Education’ of the American 
Chemical Society (whew!) publishes a one 
page newsletter every two months. It 
contains brief (well they have to be with a 
name that big and a newsletter that short!) 
news items and plugs relating to CAI in 
chemistry. The newsletter is subsidized by 
the Division of Chemical Education of the 
ACS. Membership is $3.00. 

R.W. Collins, Newsletter Editor, Eastern 
Michigan University, Ypsilanti, MI 48197 

THE SPACE GAMER 

A very professionally done magazine 
published quarterly. It deals with manually 
played space games and science fiction 
games (not computer games) and science 
fiction in general. A typical issue contains 
reviews of games, editorials, letters, and 
wantads. The Space Gamer is published by 
Metagaming Concepts which also makes 
science fiction and fantasy board games. $3 
for six issues. 

Metagaming Concepts, 
Austin, TX 78761 

Box 15346, 

\ 

\ 

From: Puttern Processing: A Further Rationalization of Sight 

by Thorne Shipley, Leonardo, Vol. 8, 1, pp. 27-39, 1975 

LEONARDO 
Leonardo is a quarterly professional 

archival journal for artists, art teachers, and 
others interested in the contemporary visual 
or plastic fine arts particularly as related to 
science and technology. Illustrated articles 
by artists are carried covering virtually all 
techniques, content, and mediums. Even 
computers! 

Leonardo also contains articles on 
developments in the other arts, on new 
materials and techniques, and on subects in 
aesthetics, architecture, education, the 
natural and social sciences, and technology. 
Extensive reviews section. 

Subscriptions for institutions $55 per 
year, for individuals $15. 

Pergamon Press, Maxwell House, Fair- 
view Park, Elmsford, NY 10523. 

The publisher writes that illustrated 
manuscripts are being sought on all aspects 
of computers in art. For information on 
submittal requirements, write Dr. Frank 
Malina, Editor, Leonardo, 17 rue Emile 
Dunois, 92100 Boulogne sur Seine, France. 
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SURE THINGS: DEATH, TAXES, 
AND LAWYERS 

Are you associated with a data processing 
facility that keeps any kind of records on 
individuals? Are you developing or using 
proprietary software? Do you collect any 
kind of Federal, state, or local taxes? If you 
can answer “yes” to any of the above 
questions, then you probably should take a 
look at Computer Law and Tax Report 
edited by Robert Bigelow. This is a monthly 
8-page newsletter that covers legal and tax 
matters related to data processing. It’s 
expensive but it packs a wallop. Take a look 
at a sample copy before you subscribe. I- 
Year subscription $48.00. 

Warren, Gorham & Lamont, 210 South 
Street, Boston, MA 02111. 

COMPUTER MUSIC 
JOURNAL 

Devoted to the development of computer 
systems capable of producing high fidelity 
music, this new journal will cover such 
topics as: computer composition of music; 
design of real time playing instruments; real 
time input controllers such as Keyboards, 
joysticks, and new controllers, homebrew 
computer music instruments. 

The first issue of the journal will be about 
50 pages in length, and will increase in size 
and scope as interest dictates. The first issue 
should be out by now. Bimonthly $14. 

Computer Music Journal, PCC, Box 310, 
Menlo Park, CA 94025. 

CRYPTOLOGIA JOURNAL 
CRYPTOLOGIA, a journal devoted to all 

aspects of cryptology, will be published four 
times a year and will contain research 
papers, survey articles, personal accounts, 
reviews, educational notes, and problems. 
Some of the areas which will be discussed are 
mathematical, computational, literary, 
historical, political, military, mechanical 
and archeological aspects of cryptology. 
Editors are: Cipher A. Deavours, Depart- 
ment of Mathematics, Kean College; David 
Kahn, Department of Journalism, New 
York University; and Brian J. Winkel, 
Department of Mathematics, Albion 
College. Quarterly, $16/ year. 
CRYPTOLOGIA, Albion College, Al- 

bion, Michigan 49224. 

UNEARTHLY WONDERS 
UNEARTH is a new science fiction 

magazine devoted to publishing stories from 
new writers. It runs the entire gamut — 
speculations, fantasy, horror, computers, 
robots, etc. UNEARTH also includes book 
and movie reviews, a science column by Hal 
Clement, and a special feature from con- 
tributing editor Harlan Ellison (in issue #1 
this was Harlan’s very first story, 
“Glowworm”). UNEARTH is also seeking 
stories and artwork. Published quarterly, 
$3.50 per year. Sample copy $1.00. 
UNEARTH, Suite 190, 102 Charles St., 

Boston, MA 02114. 



BOOKS AND 
BOOKLETS 

blank = less than 2 persons’ sq. mi 

ecorce U.S. 1970 Cosme of Population (oy county) 

LOST? DRAW A MAP 
The Laboratory for Computer Graphics 

and Spatial Analysis within the Graduate 
School of Design at Harvard University has 
just released a new edition of LAB-LOG, its 
catalog of computer programs, data bases 
and publications. Research at_ the 
Laboratory 1s principally concerned with the 
analysis and graphic display of geographic 
data used in the planning process. LAB- 
LOG describes various products which have 
resulted from this work and which are 
currently available for distribution to uni- 
versities, government agencies and private 
organizations. 
LAB-LOG includes a description of six 

different computer programs for use in the 
graphical display of spatial data via a line 
printer, line plotter and cathode ray tubes. 
The programs are written for IBM 370 series 
computers and range in cost from $575 to 
$1200. A wide variety of cartographic (x-y 
coordinate) data bases are also described. 
Publications are available on the subjects of 
automated cartography, theoretical car- 
tography and _ theoretical geography. 
Publications cost from $1.00 to $12.00. 
LAB-LOG also contains a brief description 
of the Laboratory’s history, research direc- 
tions and operating policies. Copies of LAB- 
LOG $1.00 prepaid. 

The Laboratory for Computer Graphics 
and Spatial Analysis, 520 Gund Hall - 
Harvard University, 48 Quincy Street, 
Cambridge, MA 02138. 

BIBLIOGRAPHY ON 
COMPUTER IMPACT 

An annotated bibliography on Com- 
puter Impact on Society is available on 
microfiche from the Virginia Institute of 
Marine Science. The bibliography con- 
tains more than 2,000 entries of books, 
articles and other items. Most items are 
annotated. The listing is alphabetical by 
author; however, the entire system is 
stored in a_ hierarchical storage and 
retrieval system at the University of 
Wisconsin and special-purpose subsets of 
the collection may be obtained. The 
complete set is $2.30 for individuals in the 
United States, and $3.30 for others. _ 

Gerald L. Engel, Dept. of Computing 
and Statistics, Virginia Institute of Marine 
Science, Gloucester Point, VA 23062. 

COMPUTER-ORIENTED 
BOOK BIBLIOGRAPHY 

More than 225 new booksare listed inthe 
tenth edition of the Annual Bibliography of 
Computer-Oriented Books, published by 
the University of Colorado. Even with all 
books before 1971 deleted, the biblio- 
graphy still contains morethan 1,000 books 
from 210 publishers. 

Books are separated into 55 categories 
and catalog according to type and style of 
presentation. A new category was added 
this year: program design. The biblio- 
graphy is $4; or $5 if an invoice is required. 

Computing Newsletter, Box 7345, 
Colorado Springs, CO 80933. 

EDUCATION MATERIALS 

CATALOG 

Catalog contains 9 sections describing 
various services, books, and products of 
NWREL. The computer section describes a 
computer careers book, teacher’s guide, and 
student guide; two REACT courses and 
booklets including the Teach Yourself Basic 
Booklets (Relevant Educational 
Applications of Computer Technology; 

PLANIT (A CAI author language); and 
several pending new products. 
NWREL is a non-profit organization 

involved with many disciplines (adult educa- 
tion, bilingual education, communication, 
reading, language, research, etc.), over 800 
member institutions, and a wide variety of 
sponsors. Prices on NWREL products are 
very reasonable. Catalog free. 

Northwest Regional Education 
Laboratory, Dept. J, 710S.W Second Ave., 
Portland, OR 97204. 

CATALOG OF THE FUTURE 
A huge 40-page tabloid catalog of books, 

magazines, learning materials, games, and 
cassettes is now available from the World 
Future Society. Catalog lists books by major 
and  not-so-major publishers. There’s 
something for everyone here — topics 
include computers, business/ industry, com- 
munications, education, environment, 
forecasting, simulation/gaming, systems 
design, and many more. A_ worthwhile 
catalog and the price is right — free. 

World Future Society, 4916 St. Elmo 
Ave., Washington, DC 20014. 

COMPUTER-RELATED CRIME 
Six new reports on computer abuse, 

system vulnerabilities, applicability of 
Federal and state penal laws, proprietary 
rights in software, and privacy law effects are 
available from the SRI Project on Computer 
Abuse headed by Donn B. Parker. An- 
nouncement of reports available and order 
form are available from Allison Brandt, 
Report Production, Bldg 300 BS, SRI. 
Donn Parker is also interested in informa- 

tion about specific computer-related crimes 
and other abuse (vandalism, property theft 
or fraud, financial theft or fraud, un- 
authorized use of services, etc.). Write him at 
SRI or call (415) 326-6200 X2378. 

Stanford Research Institute, 333 
Ravenswood Ave., Menlo Park, CA 94025. 
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PERIODICAL GUIDE 
The Periodical Guide for Computerists 

1976 is a 20-page index to articles from 15 
magazines read by computer hobbyists. 
The magazine include Creative Com- 
puting, Byte, Dr. Dobbs Journal, SSCS 
Interface, Interface Age, Popular Elec- 
tronics, Radio Electronics, PCC, 73, 
Electronics, EDN, Electronic Design, 
Digital Design, and the ill-fated Microtrek. 
Over 100 subject headings are used with 
more than f,000 articles, book reviews, 
letters and editorials. $2.50. 

E. Berg Publications, 1360 W.S. 199 Ct., 
Aloha, OR 97005. 

ACM ADMINISTRATIVE 
DIRECTORY 

The 1977 edition of the ACM Admini- 
strative Directory of Chairman of 
University and College Computer Science 
Departments and Directors of Computer 
Centers provides names, addresses, and 
telephone numbers, and lists computer- 
science and data-processing degrees offered 
and major on-site computing equipment. 
The officers and key staff members of 
related computer organizations are 
included. The directory consists of more 
than 2300 names, and is $7 for ACM 
members, $9 for others. 
ACM Order Department, P.O. Box 

12105, Church Street Station, New York, 
NY 10249. 

UNDERGROUND BUYING 
GUIDE 

The Underground Buying Guide for 
Hams, CBers, Experimenters and Com- 
puter Hobbists lists over 600 sources that 
cater to the electronics hobbyist. The first 
section contains an alphabetical listing of 
firms, capsule descriptions of their 
offerings, prices, complete addresses and 
phone numbers. 

The second section contains 200 
categories of parts, services, etc., with a 
cross-reference to the first section. The 
third section is a geographical cross- 
reference. 
We hope most of the listings are more 

accurate than those for Creative Com- 
puting and Byte. The Creative listing in 
Section | mentions only books (and none of 
our own) and ignores the magazine. Byte’s 
listing in Section | is OK, but in Section 2 
Byte is cross-referenced under books, not 
magazines; Creative is not cross-referenced 
at all in Section 2. We checked about two 
dozen hardware manufacturer listings and 
found them generally accurate. The biggest 
problem is omissions in a fast-moving field; 
obvious ones we spotted included TDL, 
ECL, North Star, and Ximedia. 

Despite the Criticism, there’s nothing 
else like it and you may find it a worthwhile 
investment. $5.95 postpaid from PMS 
Publishing Co., 20440 Town Center Lane, 
Cupertino, Cupertino, CA 95014. Or order 
direct from Creative Computing. Same 
price. 



DESIGN YOUR OWN GAME 
The second edition of Design Your Own 

Game has been published by Harvard W. 
McLean and Michael J. Raymond, two 

Ohio educators. This 94-page soft-cover 
book goes into both simulation and 
instructional games, and has chapters on 
selecting formats, objectives, limiting 
factors and interaction sequences in the 
model, rules, evaluation, writing a manual 
for the game, etc. The existing games of 
each type are presented and modified. The 
last pages provide helpful directories of 
simulations and games, organizations, 
periodicals, and companies and catalogs. 
$3.95. 

The Simulation and Gaming Associa- 
tion, 4833 Greentree Road, Lebanon, OH 
45036. 

PROGRAM ABSTRACT 
DATA BASE 

The National Computer Program 
Abstract Service (NCPAS) has 25,000 
abstracts in its data base, said to be the 
largest retrievable data base of its typeinthe 
country. These abstracts are on computer 
simulation models, application and 
computational programs, and informa- 
tion-retrieval systems covering “all fields of 
knowledge from business, government, 
industry, military, and universities.” 

The computer-program information is 
disseminated in two forms: as a quarterly 
program-index newsletter at $10 ayear, and 
as special abstract reports on each subject 
area at $19 for up to the first 200 abstracts 
and $6 for up to each additional 200 
abstracts. 

Fora free report index, writeto NCPAS, 

P.O. Box 3873, Washington, DC 20007. 

DESIGNING WITH 
MICROPROCESSORS 

This tutorial deals with the principles and 
practises of microcomputer design, 
covering such topics as chip architecture, 
microprocessor selection criteria, software 
aids, development systems, microprocessor 
applications, networks, busing strategies, 
and distributed intelligence. To IEEE 
members, $7.50; nomembers, $10. 

IEEE Computer Society, 5855 Naples 
Plaza, Suite 301, Long Beach, CA 90803. 

ATSU 

The Association of Time-Sharing Users is 
a professional organization whose purposes 
are to supply current information to time- 
sharing users, to provide information about 
the various products and services offered by 
remote computing suppliers. to provide a 
forum for discussion of topics pertaining to 
remote computing and interactive time- 
sharing. It provides four publications: a 
newsletter, a Press Review, “Interactive 
Computing,” and “Interactive Computing 
Directories.” Membership $20. 

Hillel Segal, President, ATSU, 75 
Manhattan Drive, Boulder, Colorado 80302 

MISCELLANEOUS 

LASER MUSIC SPECTACLE 
A Soleil Laser Music Spectacle is made 

up of three types of laser movement. For 
the pre-programmed type, every move- 
ment of the laser light is planned, and a 
large-scale digital computer is used to 
compute the millions of commands re- 
quired for a Soleil show. The program is 
stored on four-channel audio tape, with 
two channels for stereo music, and two for 
control information for the lasers. The 
laser-light movements can also be con- 
trolled directly by an operator; these move- 
ments can also be combined with a pre- 
programmed tape. 

The Soleil Laser Music Spectacle is 
available for engagements. Contact Kim 
Rogers, RR #2, Box 103, Bloomington, IN 
47401. (812) 336-8222. 

COMPUTER PHILATELY 
A group of stamp collectors have put 

together a list of stamps relating to com- 
puters. The list contains more than 130 
stamps. Free, but include self-addressed 
stamped envelope with 24¢ postage on it. 

Robert V. Boos, 66 Crescent St., 
Hicksville, NY 11801. 

CALCULATORS 

COMPUTERIZED MATH DRILL 
Part calculator and part computer, the 

Classmate 88 from Monroe uses an in- 
dividualizes instruction approach to 
enable students to generate ulimited drill 
and practice routines in over 70 computa- 
tional skills. Flowchart instructions allow 
students to work without supervision. All 
drill and practice programs are hardwired 
into the machine, with special keys to 
select the subject area. Automatic scoring 
permits the teacher to evaluate student 
progress. 

Monroe, The American Road, Morris 
Plains, NJ 07950. 
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LIL’ PROFESSOR 
FOR LIL’ KIDS 

The TI “Little Professor,” a calculator- 
based learning aid, contains more than 
16,000 pre-programmed basic math 
problems for children ages 5-9. 

“Little Professor” problems can _ be 
selected according to degree of difficulty by 
the user. Once the type of problem and 
degree of difficulty is selected, the machine 
presents the problem (with function and 
equal sign) in the large VLED display. The 
user keys in an answer. If correct, the 
complete equation appears for one second, 
and the next problem in sequence is 
displayed. If incorrect, the problem re- 
appears. 

If a wrong answer is entered three times, 
the “Little Professor” automatically displays 
the correct answer. The answer remains in 
the display until the user presses the “GO” 
key. If the next problem is also answered 
incorrectly three times, the correct answer 
would again be displayed. 

The “Little Professor” will, after ten 
problems, display a score (number out of ten 
correct). This “score” display would be 
followed by the next set of problems in 
sequence. 

The “Little Professor’ has addition, 
subtraction, multiplication and division 
sequences in variable degrees of difficulty. A 
user works at his own speed, and considers 
the machine a game, as wellasa learning aid. 

Texas Instruments (Little Professor In- 
quiries), P. O. Box 5012, M/S84, Dallas, Tx 
75222. Nelson Brooks (214) 238-4203. 

MATCHBOOK SIZE 
CALCULATOR 

The Micro-Mini is claimed to be the 
world’s smallest electronic calculator. The 
unit measures 1.675 x 2.375 x 0.5 inches — 
about the size of a matchbook. The 
calculator weighs 1.2 oz, including the silver- 
oxide battery. The unit can add, subtract, 
multiply and divide and has a constant for 
multiplication and division. It has an eight- 
digit liquid-crystal display. $29.95. 

Casio, Inc., 15 Gardner Road, Fairfield, 
NJ 07006. (201) 575-7400. 
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Spinrad’s Galaxy 
A Berkeley astronomer named Hyron 

Spinrad recently identified a super-giant 
eliptical galaxy which he predicts is at 
least half the age of the universe. It is, 
claims Spinrad, the most distant stellar 
object of its kind yet found. 
Known for the last 20 years as an in- 

tense radio source in the autumn sky 
north of the Pleiades, the galaxy, 
designated as 3C123 on star maps, has 
finally appeared as a dim spot on a 
computer-processed photograph. The 
cluster contains thousands of billions of 
stars and perhaps three sister galaxies 
whose light has been traveling through 
space for eight billion years—about half 
the estimated age of the universe. 

Prof. Spinrad discovered the object by 
utilizing a new computerized ‘‘image tube 
scanner’’ system, which collects spec- 
troscopic data over several nights of 
observation and then subtracts the 
‘*slare’’ (actually brighter than the image 
itself) effects of background light. The 
scanner system is attached to the 120-inch 
telescope at the University of California’s 
Lick Observatory. 

Computer Projects 21st Century 
Hunger Chaos 
CLEVELAND—(UPI)—A_ computer 

survival program at Case-Western 
Reserve University, capable of plotting 
for many years in advance the economic 
fortunes of nations, forecasts world 
chaos in less than a century because of 
food shortages. 

Six private foundations have provided 
$790,000 in funding for the university 
computer center to develop computerized 
programs that would help countries avoid 
economic disaster. 

Prof. Mihajlo Mesarovic said the 
school is bidding to become the world 
center for computer planned survival of 
some of the major nations bordering the 
Pacific Ocean. 

Graphics Display System 
Combining the features of an 

automatic draftsman and a versatile com- 
puter, with unlimited capabilities for 
enhancement of the human imagination, 
is the Spar/Graphics Display System, 
from Sciéntific Process & Research, Inc. 

This system, for example, can be of 
assistance to designers of artwork, logos, 
and layouts, utilizing computer graphics, 
interacting to offer selective choices in 
great variety. Small patterns can be 
created, then displayed in any combina- 
tion to determine overall effect. Thou- 
sands of any combinations can be tested 
in the time it takes to draw a single image 
or pattern. Complex patterns or concepts 
can be self-generated by the system to ex- 
pand the user’s own imagination. Com- 
plex objects and shapes can be created, 
altered, copied, repeated, enlarged or 
multiplied. 
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Computers in Architecture 
The time is coming, and it may be in 

the very near future, says Charles 
Eastman, when the computer will become 
as common an architectural design tool as 
the T-square and triangle. 

Eastman, a professor of architecture, 
computer science and urban affairs at 
CMU, can sit down at a console and by 
giving the right commands, call up 
various drawings of a building to a com- 
puter driven TV screen and make changes 
in the building’s configuration. 

It only takes a minute or two, for in- 
stance, for Eastman to call up on the 
screen, any plan, section, evaluation or 
perspective of the University’s ad- 
ministration building, a six-story office 
complex. The computer can provide 
perspective or orthographic displays of 
the structural elements, exterior panels, 
plumbing, mechanical equipment or in- 
teriors, for example. Any number of 
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Points, lines, curves, unusual or com- 
plex shapes are displayed on the screen. A 
single command duplicates the figure, if 
desired. Another will move it or enlarge 
it, reduce it, or rotate it. Three-dimen- 
sional effects can be added, as well as new 
features, at any stage. Designs can be 
named and recalled easily. Moreover, 
several figures or concepts can be com- 
bined and given a new name. One can 
display hundreds of designs, drawings, or 
graphs, in minutes, and select the one 
wanted, then print it. Draw one element, 
and in seconds, a whole pattern is gen- 
erated. Elements can be altered, rotating 
some, enlarging other. Forms or figures 
can be stored, even entire patterns or 
layouts, by a single command on a mag- 
netic disk included with this system, 
which is from Scientific Process & Re- 
search, Inc., 24 North Third Ave., High- 
land Park, NJ 08904. 

elements such as the heating system duct- 
work can be added or subtracted by press- 
ing a few keys. 

Eastman’s system would not do away 
with the traditional architect’s function 
of design; he would still have to use his 
technical and aesthetic judgment. ‘‘A 
great part of the architect’s cost now is in 
the time it takes to produce the draw- 
ings,’” says Eastman. ‘‘If we can get a 
computer to produce those detailed draw- 
ings, it will cut down drastically on the 
time and, therefore, the cost of an ar- 
chitect’s work.”’ 

Eastman says housing developers might 
find they can offer custom built homes in- 
stead of houses that all look alike. ‘‘The 
possibilities are that you could sit down at 
a computer terminal and work out a 
custom designed house with drawings, 
parts lists and possibly even construction 
schedules prepared automatically.”’ 

—Carnegie-Mellon Alumni News 



Cal Students on 
Leave Program to 

Work at IBM 

Selected computer-science students at 
the University of California at Berkely have 
been taking half-year leaves of absence 
from college to gain work experience with 
computers at IBM’s San Francisco Data 
Center. Called the Co-op Program, the 
work program is designed to give the 
students an opportunity to apply their 
classroom knowledge to meaningful and 
real jobs with IBM’s Data Processing 
division. 

“The students work onreal problems and 
provide a valuable assist to our regular 
staff,” said Earl Ness, manager of IBM’s 
San Francisco Data Center. “At the same 
time, the students gain solid work 
experience and earn pay to help with their 
college expenses.” 

Whither Computers? 
Despite heavy investment and 

numerous successful experiments with 
computerized instruction techniques in 
school systems nationwide, ‘‘computers 
have failed to make more than a minimal 
impact on education’’—primarily 
because of financial constraints, ac- 
cording to Robert G. Scanlon, executive 
director of Research for Better Schools, 
Inc. 

This was the apparent consensus of 
computer companies assembled recently 
in Washington, D.C. for the First Inter- 
national Learning Technology Con- 
ference. After a decade of trying to get in- 
to the public education business, most 
companies have decided to temporarily 
forego public education and concentrate 
instead on business. 

In an article in The Washington Star 
(July 23, 1976), Scanlon was quoted as 
saying that in the 1960s the federal 
government invested nearly $100 million 
in experiments to promote electronic 
teaching devices. While teachers and ad- 
ministrators endorsed use of computers, 
“when the funds ran out, school after 
school returned to the old way of doing 
things.”’ 
Computer companies now hope that as 

- more and more businesses install com- 
puters to train employees, public schools 

will eventually see electronic technology 
as an economical approach to teaching. 

—The Science Teacher 

Computer Game Helps Students 
Understand Congress 

Out-guessing the US Congress with the 
help of a computer can be fun and educa- 
tional too. Designed for secondary- and 
college-level students, ‘‘The Congres- 
sional Game’’ was developed by a Univ. 
of Pennsylvania professor, Dr. Robert 
Zemsky, and the Uni-Coll Corp., a 
Philadelphia computer utility. 

With the new program, the history stu- 
dent can simulate what it was like to be 
sitting in Congress a century ago. At that 
time, Grant was President and the Con- 
gress was debating the Korean seizure of 
an American naval vessel, civil rights, im- 
port tariffs and federal subsidies for 
railroads. The game was developed with 
two purposes in mind— to help students 
understand how Congress works and to 
help them understand how historians 
work. 

The program presents the student with 
various authentic historical facts and con- 
stantly engages the student in the selec- 
tion, evaluation and use of the informa- 
tion to develop a hypothesis regarding the 
outcome of a roll-call vote. The winner is 
the student who has the most success in 
refining the hypotheses about how the 
House will act when seen at a realistic, 
daily level. 

Brain Monitor 

The psychology department at De Anza 
Community College in Cupertino, Cali- 
fornia, uses a Hewlett-Packard RTE-II 
minicomputer system to teach classes in 
data processing and statistics, and to help 
conduct laboratory-based psychological 
experitory-based psychological experi- 
ments, including human and animal 
learning and cognition. The RTE-II 
system, through an analog-to-digital 
converter, receives information from a 
number of physiological and biofeedback 
testing devices. 

In experiments with humans, the RTE-II 
system is involved in biofeed-back. 
Through interfaces, it collects information 
on, correlates and plots the heart rate, 
galvanic skin response, EEG readings and 
temperature of each subject. In the photo, 
Frank C. Savage, professor of psychology, 
conducts computer-based measurements 
of the brain-wave activity of Thomas D. 
Carrell, senior psychology technician. 
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Computer Check at the Border 
As automobiles stop at the customs 

checkpoint in the sleepy village of Roma, 
Texas, few drivers realize that their 
license-plate numbers have been keyed in- 
to a U.S. Treasury Department computer 
1,200 miles away in San Diego. 

Within seconds, customs inspectors 
know if the vehicles have been stolen and 
whether their owners are suspected of in- 
volvement in a crime just about anywhere 
in the world. 

Similar facilities are located in other 
cities along the Mexican border, which 
are also linked by a voice circuit. 

Eyes Tracked by Computer 

For Hints of Disease 

A new eye-movement monitoring device, 
developed by a Carnegie-Mellon Univer- 
sity biomedical engineering professor and 
three physicians at Pittsburgh’s Eye and 
Ear Hospital, may eventually detect 
crippling diseases in their early stages. 

The Optical Data Digitizer, orthe “ODD 
Tracker,” is a camera interfaced with a 
minicomputer which scans across the eye 
and notes the position and vertical/hori- 
zontal motion of the eye. “It’s biggest 
advantage is that you don’t have to touch 
the patient,” says Dr. Bahill. 

Watching the eyes is an increasingly 
important way of determing the health of 
the patient. “The eyes are the windows to 
the brain,” says Dr. Bahill, who first became 
interested in eye movements while a 
graduate student at the University of 
California at Berkeley. 

Dr. Bahillcontends that the brain and eye 
work ona “time optional system” where the 
brain focuses the eye on an object and shifts 
it to another object in the least amount of 
time. He believes that persons suffering 
from diseases develop abnormal eye 
movement patterns. These patterns are 
often the first symptoms of such diseas as 
Multiple Sclerosis, a degenerative disease 
of the central nervous system; Parkinson’s 
Disease and Huntington’s Chorea, two 
muscular disorders accompanied by 
tremors, and Duane’s Syndrome, a form of 
eye paralysis. For example, the ODD 
Tracker shows persons suffering from 
Multiple Sclerosis will fall short of a target 
with one eye and over-shoot thesame target 
with the other eye. 



Computer Controls Drug Quality 

Drug quality and consistency tests at 
Miles Laboratories in Elkhart, Indiana, are 
being performed for the first time with the 
help of a small IBM computer. The 
System/7 enables quality-control chemists 
to do more extensive testing, in a shorter 
time, on clinical test reagents and on a 
variety of Miles products, which include 
Alka-Seltzer, Bactine, Chocks and One-A- 
Day vitamins. 

The System/7 is linked to instruments 
such as auto analyzers, gas chromato- 
graphs and amino-acid analyzers to test for 
such things as stability and consistency of 
product ingredients. 

Before the system was installed, 
instrument readings were recorded and 
analysed manually, which took half a day 
for testing and the rest of the day for 
comparative analysis. Now the tests are 
performed throughout the day and results 
are known minutes later. At the same time, 

the system eliminates costly transcribing, 
errors that plague manual testing 
operations. 

Outsmarting Computers is 

Profitable Hobby for Floridian 

WINTER PARK, Fla—Tired of stamp 
collecting? Try outsmarting computers for 
a hobby, the way Christopher Cossette 
does. 

A computer hobbyist with a different 
idea, Cossette proves the fallibility of 
computer systems - any computer system. 
And so far he seems very good at his hobby. 

Cossette claims to be able “to get in 
anybody’s program with a few telephone 
calls.” Such companies as Exxon, Master 
Charge and Bank of America all have the 
same inaccuracies built into their systems, 
he said, although he refused to disclose any 
further details. 

In 1974, Cossette obtained $110,881 
from a Canadian department store over 
several months’ time. It took hima while to 
convince the company what was happening 
and, in the meantime, he earned enough 
interest from the money to pay for asports 
car and a swimming pool. 

By working at his avocation, Cossette 
also managed to acquire three credit cards 
against which nothing is ever billed, hesaid. 
Airlines have credited him for tickets he 
never bought and stores have sent him 
duplicates or triplicates of items without 
charge. 

Cossette, who claims to have done 
nothing illegal, does not think highly of the 
computer industry and accused it of “gross 
negligence.” 

“Computers are no smarter than the 
people who program them, and that quality 
must have fallen off recently,” he said. 

“I think the industry has improved on the 
Peter Principle,” he added. The Peter 
Principle is the concept which states that 
workers rise to the level of their 
incompetence. 

For those panting to take up the hobby, 
Cossette is publishing a book onthe subject, 
which will disclose how he managed his 
success. 

—Computerworld 

Sewing Machine Uses Microcircuit 

A custom-designed microelectronic 
circuit has made possible a home sewing 
machine that has more sophisticated 
sewing features, is easier to use, and 
contains 350 fewer mechanical parts than 
conventional models. The microcircuit 
permits the Athena 2000sewing machine by 
Singer to be programmed with control 
buttons to sew basic practical and complex 
decorative stitch patterns, repeat a single 
pattern unit and stop, and do buttonholes 
completely automatically. Circuitry on the 
chip coordinates needle and fabric 
movement for optimum width, length, and 
density of 24 stitch types. Safety logic 
circuits help prevent damage to the needle 
and the machine. 

The LSI/MOS chip contains 2,000 
transistors and was produced by American 
Microsystems. The chip is primarily a 
ROM that permanently stores the 
instructions for sewing the 24 different 
patterns. 

According to Jack Wurst, Singer 
manager of electronic development, “To 
duplicate the Athena 2000 machine using 
mechanical systems instead of electronics 
would be practically impossible. It could be 
done; it would be an extremely large, 
cumbersome, and expensive machine.” 

Computer Helps Feed Cows 
Cows on a Dutch model farm are 

reported to be healthy and happy after a 
year’s trial of a computer-based feeding 
system developed by the DACA Elec- 
tronic Engineering and Contracting Com- 
pany of Leystad. The system was 
developed to solve the feeding problems 
of large dairy farms, where some cows 
need more feed supplement than others. 
A transmitter attached to the cow’s collar 
sends a signal, via a receiver in the cow’s 
manger, to a computer that checks stored 
data and decides whether she needs any 
supplement at the time. If Daisy’s milk 
production has been low she receives a 
predetermined quantity of supplement. 

Computer Helps Archeologists 
Unearth Pre-Historic 
Communities 
Computer technology has joined the 

pick, shovel and drill to help North- 
western University archeologists at the 
largest excavation site in North America. 
Archeologists working at the Koster site 
in southern IIlinois rely on a Control Data 
6400 computer 300 miles away at North- 
western University to keep track of their 
findings and even determine where to 
begin the next excavation. 

In addition to information unearthed 
at the Koster site, pertinent data 
recovered from some 800 different ar- 
cheological sites in the 2,800-square-mile 
research area is entered through a ter- 
minal for relay to the CDC computer. At 
Northwestern’s Vogelback Computing 
Center, the 6400 uses a_university- 
developed data-base program known as 
RIQS (Remote Information Query Sys- 
tem), designed to handle the varied data 
of individual researchers. 
From information entered on terminals 

at the excavation headquarters, the CDC 
computer built a file for each of the 800 
sites. Each file is structured to hold 145 
items of information about the site and 
the excavation results. Site description in- 
cludes name, location and size of the ex- 
cavation, names of the archeologists in- 
volved, where the artifacts from the site 
are stored, and what has been photo- 
graphed. 

The survey information sent to the 
computer relates to soil conditions, 
evidence of cobbles and limestone (in- 
dicates cooking, pottery and tool making) 
and of animal bone (means there is 
favorable preservation at the site). Of the 
145 slots of information storage for each 
site, 123 are for listing the artifacts 
uncovered—the data most important to 
archeological analyses. 
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IBM Scientists Apply Computers 
to Harvesting Solar Energy 

With a limitless and free source of energy 
staring us in the face, why is humanity 
relegated to digging holes in the earth in an 
‘effort to find enought fuel to powersociety? 
Spurred by shortages of fossil fuels and an 
ever-increasing need for more energy, 
scientists are now using the most 
sophisticated tools available to answer this 
question-to explore the obstacles that have 
thus far prevented mankind fromefficiently 
harvesting solar energy for widespread use. 

At IBM _ Corporation’s Palo Alto 
Scientific Center, research specialists have 
initiated solar-energy studies by applying 
powerful computers to the problems of 
tapping the sun as a widespread and 
economical source of energy. 

Between 10 and 50 percent of the light 
reaching the earth’s surface is indirect, 
diffused sky light—depending upon 
atmospheric conditions—rather than 
direct sunlight. “We knowsomething about 

the characteristics of diffused sky light 
energy, but not enough for efficient 
harvesting,” said IBM’s Dr. J.V. Dave, a 
radiation specialist. “Scientists hope to 
develop ways to harvest diffused sky light in 
conjunction with direct sunlight. But before 
that can occur, it is essential that we learn 
more about the nature of sky light energy.” 

At best only about 10-12 percent of the 
solar energy reaching a given spot on the 
earth can be harvested. That’s because the 
sun’s energy is spread over different wave 
lengths and no solar cell can capture all 
forms--from infrared or heat energy to near 
ultraviolet energy. To manufacture cells 
that capture even 20 percent of theavailable 
solar energy becomes prohibitively costly. 

Because of their ability to stimulate 
reality and to solve gigantic and complex 
mathematical problems, computers are 
viewed by Dr. Dave and other scientists as 
valuable aids for learning more about solar 
energy. Dr. Dave hopes to simulate 
characteristics of sky light energy under 
representative atmospheric conditions and 
study their impact on solarcells. The results 
of such experiments and simulation studies 
could then be used by others who are 
exploring various alternatives to be 
considered in advance of designing and 
building actual solar-energy plants. 

Computer-Error Merchandise 
The Saturday Review classified ads now 

include a section on “Computer-Error 
Merchandise” which has offered, among 
other things: several hundred bicycles with 
handlebars fore and aft; asimilar number of 
plastic shampoo bottles mistakenly filled 
with vichyssoise; and 38,000 copies of 
“Mein Kampf” in Polish, minus vowels. 

MEDPA Newsletter 

Mind-Reading Machine 
The government is developing mind- 

reading machines that can show, among 
other things, whether a person is 
fatigued, puzzled or daydreaming. If the 
project lives up to its promises, the 
machines could be installed in airplane 
cockpits in a few years, to warn the pilot 
that his mind is wandering and he is not 
performing essential duties. 

Since 1973, the Advanced Research 
Projects Agency at the Pentagon has been 
studying ways to plug a computer into a 
person’s brainwaves. So far, scientists 
have been able to determine a person’s 
alertness, and how he perceives colors 
and shapes. Current research is on the use 
of brainwaves to control machines. 

Other research is aimed at using brain- 
waves to discover how a student learns 
and when he is most likely to learn, and 
also to improve computer-based teaching 
programs. 

So What’s the Bad Word? 
English suffers endless indignities, but 

it does not suffer in silence. Some 12 
years ago, the publishers of the American 
Heritage Dictionary, seeking protection 
in numbers, collected together a group of 
150 authors, critics, editors, historians, 
etc. and dubbed them the ‘‘Usage Panel.”’ 
The Feb. 24 New York Times reported 
some of their comments to the latest 
atrocities, two of which are reprinted 
below. 

Is it acceptable to use ‘‘free up,’’ as in 
“a new copying machine that will free up 
your secretary’’? 

J.K. Galbraith, economist: ‘‘Indecent, 
even obscene.”’ 

Jacques Barzun: ‘‘She’s a loose woman 
already.”’ 

Nat Hentoff, author: ‘‘I think there’s a 
chance of nipping this one. It should be 
shunned up.’’ 

“Input’’ is used as equivalent to ‘“‘data 
or information’’ in charting a course, ‘as 
in ‘The President had access to varied in- 
put,”’ and to “‘an active role’’ as in “‘The 
nominee declared that he had no input in 
adoption of the plank.’’ Yes or No? 

Jacques Barzun: ‘‘...jargon—and very 
vague, since input can mean anything 
from a Congressional appropriation to a 
frankfurter at lunch.”’ 

Nat Hentoff: ‘‘...mechanical short- 
hand that rusts thought.”’ 

Bruce Catton, historian: ‘‘...particular- 
ly offensive form of the social science 
jargon.”’ 

John Fowles, author: ‘‘A Watergatism 
(mechanistic barbarism)!’’ 

Lewis Mumford, author: ‘‘ ‘Input’ has 
a legitimate use in computerdom— other- 
wise it should be shunned. It is the 
equivalent of ‘y’know’ for those who 
don’t know the right word.’’ 

Berton Roueche, author: ‘‘I accept 
‘output,’ but—I don’t know why— ‘in- 
put’ turns my stomach. Maybe it’s the 
people who use such words.’’ 

Pierre Berton, author: ‘‘I do not 
mingle socially with people who talk this 
way and would not expect my readers to 
stick with me if I used it.”’ 

Reuven Frank, television producer, 
voting no: ‘‘If there is output there must 
be input. If there is outcry there must be 
incry. If there is outlaw there must be in- 
law. So the reasoning is junk.”’ 

Gilbert Highet: ‘‘...carries an objec- 
tionable image of a politician as a sort of 
I.B.M. machine passively receiving 
whatever people stuff into his slots.”’ 

Peter De Vries: ‘‘...the thought of put- 
ting information into a President is a little 
grotesque.”’ 

Red Smith: ‘‘This usage brings a 
violent output of nausea here. Couldn’t 
the President have access to advice in- 
stead?”’ 



Computer Debut at Carnegie Hall 

A new opera recently opened in 
Carnegie Hall, and its soprano soloist 
has won modest acclaim for its debut. 
The up-and-coming new soprano is a 
computer, and it starred in an opera 
titled “‘Mar-ri-ia-a’”, a miniature opera 
for soprano computer and chamber 
ensemble. 

The piece was written by Joseph 
Olive who also has experience in 
electronically synthesizing human 
speech. It is a science fiction comic 
opera, and its plot deals with a woman 
scientist who falls in love with the 
computer that she has built. The 
computer, unfortunately, is both crazy 
and a sex maniac; so, the heroine must 
destroy her only love in order to escape 
an unspeakable fate. 

A New York Times reviewer said that 
“Musically, the piece is rather thin and 
could use more definite shape and mood 
in the last few minutes’; however, he 
did not fault the performance of the 
computer. 

Educational Net in SW Germany 

A Cyber 174 computer system will 
be installed late this year at the 
University of Stuttgart in Southwest 
Germany. However, this is not your 
ordinary system; initially, it will include 
forty interactive terminals installed in 
classrooms, laboratories, and _ service 
centers as well as smaller universities 
and research centers in the southwest 
region. 

The system is valued at $4.5 million 
and is manufactured by Control Data 
Corporation. It will provide educational 
data processing services in Southwest 
Germany. A CDC 6600 has been in use 
there since 1968, and the new system 
will be linked to it to form a 
multi-mainframe operation sharing com- 
mon peripherals. 

The university computer center will 
serve 10,000 students’ academic needs 
and will support a high level of research 
activity in areas such as nuclear power 
plant design, theoretical chemistry, and 
structural analysis. 

“Drill a %” Hole in the Right 
Corner” 

Hold on to your hats. It is now 
possible to program automatic ma- 
chines, at least highly structured numer- 
ical control machines, by speaking 
commands to them. After developing a 
supermarket checkout system that can 
understand any clerk’s voice pattern, 
Threshold Technology Inc., Cinnamin- 
son, NJ, has come up with a technique 
that enables factory personnel with 
little or no programming experience to 
quickly prepare a fully verified, 
punched paper tape program for auto- 
matic machine tools. The programmer 
simply speaks each programming com- 
mand in sequence into the microphone, 

The Plight of Strathclyde 
In Spring 1975 after many disheartening 

delays, 10 primary schools in Glasgow with 
some 1800 students initiated an extensive 
CAI program similar to the very successful 
program in Chicago elementary schools 
(see photo). But unfortunately for Univac 
and Computer Curriculum  Corp., 
suppliers of the hardware and software 
respectively, and for Glasgow by July 1975, 
a few short weeks after the project started, 
economic conditions in Scotland had 
deteriorated so drastically, that the system 
was ordered removed. 

Even in the short time the system was 
installed, it impressed most who saw it in 
operation, including several cynical city 
counsellors who had initially opposed it. 

Mie % e Ye: - a 7 
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using normal English words. The 
VNC-—100 then automatically “‘de- 
codes” the information into a machine- 
compatible format. It is estimated that 
this technique could cut programming 
time and costs by 30—80%. 

An electronic display in the system 
instantly flashes each command given 
for a positive verification or correction 
and even displays the next entry 
required. The system, complete with 
software, a standard postprocessor pack- 
age, operator and programming man- 
uals, is priced at $20,300 for single 
units. 

A similar voice-operated computer 
system is being used by EMI Ltd. of 
London to capture monthly financial 
information. A user repeats a new word 
5—10 times into a _ noise-cancelling 
microphone, according to Threshold 
Technology. 

Nevertheless, the counsellors felt they had 

no option but to abandon the system as its 
£200,000 per year cost could just not be 
afforded. 

A Scottish newspaper had this to say 
about the Strathclyde Region (of which 
Glasgow Is the center). “Its malaise, social 
deprivation and its concomitant 
educational retardation, must be tackled 
and conquered if the region is ever to attain 
parity with the rest of Britain, far less 
prosper, so in this respect the decision was 
not only regretful but ominous. It is a 
situation not unlike a warship in battle 
jettisoning its guns and ammunition to 
prevent its sinking. The economy of 
Strathclyde will not improve while its 
education flounders — one cannot be 
divorced from the other.” 



Buy -Heinz-Pickles-Or-I-Will- 
Crush-You. 

‘a 

Sales promotion robots are being 
offered by Quasar Industries (380 Main 
Street, Hackensack, N. J. 07601). The 
androids are 5’4”, weigh 240 pounds, 
are mobile, programmed with a distinc- 
tive humanoid voice, and have a 
pulsating light in sync with the voice. 

Computers vs. the Postman 

Computers used in evaluating routes 
of letter carriers could be the cause of 
the next Postal Service strike. In 
Kokomo, Indiana and Portland, Oregon, 
men have followed the routes of the 
towns’ letter carriers, measuring dis- 
tance and the lay of the land. If Postal 
Service management gets its way, 
computers will list the “work value” of 
each city block, and managers will 
combine routes into routes of equal 
value. 

The Postal Service Union opposes the 
plan because it feels that the capabilities 
of the individual would be ignored. 
Presently, each route is matched to an 
individual, taking into consideration 
each person’s age, sex, and physical 
condition. “If they implement it be- 
yond the testing cities, I have no 
alternative but to order a national work 
stoppage,” said James E. Rademacher, 
president of the National Association of 
Letter Carriers. 

The computer system is advanta- 
geous because it will be more econom- 
ically feasible for management. Some 
routes could be cut, and letter carriers 
that would need assistance could be 
helped by overtime workers. 

Rademacher said that his group had 
no objection to computers as such, and 
a route evaluation system could be 
acceptable, he said, “if somehow, you 
could have consideration for the work- 
er.” James R. Braughton, director of 
delivery services for the U.S. Postal 
Service, said that fear of robotization 
was based on misunderstanding, “‘a lot 
of it on what role the computer will 
play.” 

Office of Science Information 

Systems Awards $$ 
Each year, the National Science 

Foundation’s OSIS Awards give finan- 
cial help to proposed scientific research 
programs. Last year’s awards included 
some new computer research projects. 

One project, proposed by the Inter- 
university Communications Council, 
Inc. in Princeton, will be jointly funded 
by the Foundation and its Division of 
Computer Research. It is directed 
toward gaining a clearer understanding 
of the implications of network member- 
ship upon educational institutions; it 
seems that economic, political, and 
organizational problems prevent educa- 
tional institutions from joining net- 
works linking computer-based activities. 
The approach is to develop a simulation 
model for use later in a gaming study 
involving approximately twenty institu- 
tions, 

Another award was given to the 
National Serial Data Program at the 
Library of Congress for the establish- 
ment of an automated national data 
base on serials in science and tech- 
nology. When the project is completed, 
data from any of the world’s journals 
will be available with minimal effort 
from a possible 50,000 to 60,000 
journals. Resources from libraries all 
over the country are being used. 

The University of Pittsburgh’s Office 
of Communications Programs also re- 
ceived an award for the final phase of a 
54-month project to develop a Campus- 
Based Information System (CBIS). CBIS 
furnishes the faculty and students with 
information services by providing re- 
mote access to computerized files of 
professional societies, government 
agencies, commercial organizations, and 
other universities. The final 18-month 
phase includes the development of 
system software to permit university- 
wide access to data bases through 
terminals; institutionalization of the 
administrative relationships of the CBIS 
with the Library and Computer Center; 
and the addition of several new data 
bases. 

Dear Mr. Computer: 

Forbes’ publisher, James Dunn, re- 
ceived this letter from the Plaza Hotel: 

‘Please pray for us. 
“On the first of January of this year 

we converted our Accounts Receivable 
system to Electronic Data Processing. In 
other words, we have surrendered to a 
computer. 

“However, we are determined to 
have the most personal computer yet 
employed and have vowed never to hide 
behind it or use it as an excuse for the 
human errors to which we are all 
SUDICCER ee 

“If you have any difficulty at all, 
please call Ms. Davis. She reports to me, 
and I whack the computer. 

(signed) William E. Pringle 
Computer Tamer” 

[The salutation on Mr. Dunn’s letter 
was “Dear Mr. Donn:”’} 
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Goodbye to Back-Seat Drivers? 
A computerized driving system is 

being tested in Munich, Germany. A 
driver identifies his destination upon 
entering a highway with buried induc- 
tion loops picking up the information, 
which is relayed to a central computer 
which sends back instructions to be 
followed at the next intersection. 

Social Science Literature File 

The Institute for Scientific Informa- 
tion in conjunction with Lockheed 
Information Systems now provides the 
world’s largest social sciences journal 
literature file. This file gives on-line, 
interactive, computer searches of the 
journal literature concerning all social 
science disciplines published since 1972. 

The service, known as SOCIAL 
SCISEARCH, covers every editorial 
item ever dealt with in 1200 of the most 
important social science journals plus 
2500 natural and physical science 
journals. This huge resource center can 
be searched by using key words, 
phrases, word-stems, authors, organiza- 
tions, and citations used in articles as 
references. 

The Lockheed retrieval program, 
DIALOG, enables subscribers to search 
the file through two-way communica- 
tions terminals in their own facilities. 
This exchange with the computer in 
Palo Alto, California is conducted in 
English language statements, and the 
link can be made with the equivalent of 
a local phone call. 



A Tragedy of Errors 
by Susan Hastings 

Last year in Florida a man was shot and 
killed by a state trooper when he parked his 
car on the shoulder of a highway. In New 
Hampshire another man was rousted from 
bed at 4:00 AM and arrested after he had 
been spotted driving with a defective tail 
light. Both incidents occurred not because 
the victims were wanted criminals, but be- 

cause the people who operated the com- 
puterized criminal data bases in their states 
failed to update information held within 
those systems. 

In December 1975, Frank D. Booth was 

on the way to his father’s funeral when he 
pulled off the road, apparently to compose 
himself in the face of his grief. Trooper 
Robert Rennie, Jr. saw the parked car and 
radioed an inquiry on Booth’s 1974 license 
plate number to a dispatcher with access to 
Florida’s criminal justice system. When 
Rennie received a reply which indicated 
that a car with that number was stolen, he 
approached it with his .38 caliber pistol 
loaded and cocked. Seeing Booth reach 
into his coat and fearing the worst, Rennie 
fired his gun. 

Booth probably would be alive today if 
officer Rennie had realized that he had re- 
ceived a report about a car stolen in 1971 
which just happened to have a license plate 
with the same number as Booth’s 1975 
Chrysler. In Florida, vehicle identification 
is determined not only by tag number, but 
also by the year the tag was issued. Every 
year the same numbers are issued at 
random on plates whose color signifies the 
year. So-called “hot” numbers are never 
deleted with the new issuance because a 
change in color is supposed to negate all 
old plates. 

Yet despite~the fact that it takes two 
criteria—the plate number and the year 
issued—to correctly identify a vehicle, 
police can gain access to information in the 
criminal data base without the second 
identification criteria. Because the number 
of the unrecovered 1971 stolen car was still 
on file, and because the number on Booth’s 

plate coincided with it, Rennie’s query pro- 
duced a reply that convinced him that he 
was in a dangerous position when he 
walked up to the man in the car, and he pre- 
pared himself for trouble. Officer Rennie 
was suspended temporarily from the state 
police pending a coroner’s investigation. 
When William A. Smith was stopped by 

Dover, New Hampshire police and issued a 
defective equipment tag he did not realize 
that six hours later he would be hand- 
cuffed and dragged to police headquarters 
to be photographed and fingerprinted for 
an unknown charge. But apparently when 
the police officer had given Smith his ticket 
he had wired Smith’s name and date of 
birth to the National Crime Information 

Center in Washington, D.C. where a “hit” 

was registered. 
According to New Hampshire law, 

police may hold a suspect for four hours 
without charging him, and Dover policé 
spent most of that time trying to get Smith 
to admit being named “Barnes,” the sur- 
name of a man wanted by New York police 
who went by the alias “Bill Smith.” During 
the period of the real William Smith’s inter- 
rogation no attempt was made to verify 
whether the “Bill Smith” sought by police 
was still at large, and Smith was refused the 
opportunity to call upon anyone who could 
have proven his identity. It was later 
learned that the man who went by the name 
“Bill Smith” had been picked up before 
Smith was even ticketed, but that this in- 

formation had failed to reach the NCIC 
wanted persons file. 

Although at the time William Smith was 
so anxious to regain his freedom that he 
signed a waiver exonerating the police in 
his false arrest, he is now suing seven 

policemen for violating his civil rights. If 
this case goes the way officer Rennie’s did 
however, it is probable that Smith will lose 

his lawsuit. Six jurors acquitted the trooper 
on the grounds of justifiable homicide 
because, according to the Florida High- 

way Patrol, “all they could go on is what 
Rennie believed to be the case.” 

Computerized criminal justice systems 
have proven themselves to be great aids in 
law enforcement in this country. But the 
kind of careless mistakes in updating the 
systems that led to William Smith’s false 
arrest and Frank Booth’s death must be 
avoided. Police who want to continue to 
benefit from the data banks will have to 
learn to use them intelligently and respon- 
sibly. The public must also learn to ques- 
tion the misuse of such systems for them to 
be fully effective and beneficial. 

Footnote: Following his acquittal in 
Florida, Robert Rennie went back on the 

job as a State Trooper. However, the 
psychological burden of guilt became too 
much for him. He subsequently got 
divorced, quit the State Police and today 
can only be described as a broken man. 

On April 7th of this year, Stephen 
Karagianis was found hanged in his jail 
cell. The boy’s father blames an apparent 
computer error for the boy’s suicide. 

In January, young Karagianis had been 
arrested for the possession of two mari- 
juana cigarettes, but after Stephen had 
spent three months in jail, a county judge 
dismissed the case. Unfortunately, local 

police never received word of the dismissal 
over their computer network, and Stephen 
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Suicide Blamed on Computer 

This ‘Hit’ 

Not a Miss 
ASHKUM, IIll.—A_ state trooper 

patrolling the interstate highway near 
here recently checked the license num- 
ber of a vehicle apparently abandoned 

on the shoulder of the road. 

A check with the Law Enforcement 

Agencies Data System (LEADS) and the 

National Crime Information Center 

(NCIC) showed the car had been stolen in 

Cook County and entered into the system 

earlier that day. 

The trooper discovered a young male 

sleeping in the rear seat and took him 

into custody. 

Further checking revealed the man 
was wanted for armed robbery and 

rape of the automobile’s owner, and 

he was turned over to Cook County 

authorities. 

Police in the United Kingdom use a large scale 
Burroughs B6700 computer to store information 
for the National Police Computer Network. The 
central data base has records on vehicle 
registrations, wanted and missing persons, and 
criminal records. Hopefully, the system is less 
prone to human error than the various U.S. 
systems cited on this page. 

was again arrested, this time for violation } 
of a parole that did not exist. Despite | 
desperate pleas from the boy and his | 

and warnings from Stephen’s | family, 
lawyer that he was seriously depressed and 

could not cope with confinement, police | 
held the boy overnight. Early the next | 
morning, Stephen was found dead. “You | 

” can’t trust a boy’s life toa computer,” John | 
Karagianis said as he tearfully began 
making funeral arrangements for his son. | 



Out... iagut/output...ia 

Corrupting Youth With COBOL 

Dear Editor: 
I would like to comment on Tom Allen’s “Algorithmic Basic” 

(March-April 77 Creative Computing). lagree that BASIC is a 
very restrictive vehicle for the communication ofalgorithms, but 
I believe it would bea disservice to your readers to adopt Allen’s 
COBOL-isms. I myself believe that the structure of a program is 
made clearest by a pseudo-Algol format. The statement- 
grouping ability of Algol allows one to discern program structure 
at a glance without using an excessive number of procedures. A 
printed page is two-dimensional and Algol can be written soasto 
take advantage of both dimensions to depict structure. Pleasedo 
not corrupt the minds of the youth of America (as well as 
encouraging writer’s cramp) by teaching them to think in 
COBOL. 

Professor Alan Filipski 
Department of Mathematics 
Central Michigan University 

Mt. Pleasant, MI 48859 

A Fantastic Opportunity for Ail 
Dear Editor: 

With regard to your recent letter and shipment of eight (8) 
“New Creative Computing Catalogues” — 

Unfortunately I do not know eight (8) people who are 
interested in computers (who haven’t already subscribed to 
Creative). 1 don’t think I know even one. However | will do my 
best to carry out the awesome responsibility which was 
unexpectedly placed on me. 
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I would like to inquire how it was determined that eight (8) 
was the correct number of “New Creative Computing 
Catalogues” to mail each reader. Intensive research indicates 
that the algorithm: # flyers= (.09059)(log(# readers) )(.4(# 
readers) )!/3 which yields a result of 7.7926 flyers per reader. 
This could easily be accomplished by the use of “Fractional 
Flyers.” 

I'd also like to take this opportunity to invite you to join 
Creative Computing Local #109. This small organization has 
thus far been limited to computer freaks (alias: compulsive 
programmers, hackers, and computer jocks). However the 
chapter has been seriously considering admission of people 
who consider themselves above bombing a large timesharing 
system on the last day of the semester at 4 PM. Creative 
Computing Local #109 has no immediate goals but this has not 
interfered with any of its activities. Hurry, join now, before the 
entire membership gets bored and he decides to quit! Already, 
such noted personalities as President Ford, Robert Redford, 
Isaac Asimoy, and Linus Pauling have not joined! Noted 
computer philosopher John Lees has in fact declined 
nomination! Now is the time! 

In closing, I would like to urge you to write again. 
Steve North 

President 
Creative Computing 

Local #109 
7 Deerhaven Lane 

Newfoundland, NJ 07435 
Ed. Note: Sounds like an opportunity not to be missed. Dave 
Ahl and I leaped at the chance to join Local 109! I'd rather not 
say which way we leaped, however. — BG 

SWARMS and EUCHRE 
Dear Editor: 
_ In your May-June 1977 issue you published two very 
imaginative games — SWARMS and EUCHRE. I was able to 
implement SWARMS on my Compucolor 8001 using color 
graphics for a continual display of the U.S. map and casualty 
report in less than 12K bytes of BASIC. The game is well- 
designed and plays well. The second game, EUCHRE, has an 
almost unbeatable strategy. I think that a very good player 
would not be able to beat the computer consistently because the 
program cheats! First, when the computer decides on trump, it 
looks at all 12 cards in each hand. Second, when the computer 
leads a card, it examines all the opponent’s playable cards (your 
board and hand) before making its decision. These two 
improper strategies could be naively fixed by changing a few 
FOR loop indices, but this would degrade the computer’s 
playing ability considerably because its decisions would be 
based on only the exposed cards and not on statistical 
probabilities or knowledge gained through play. While possibly 
this particular version of EUCHRE should be abandoned, the 
game itself is an ideal place for developing probablistic game 
strategies. The game of EUCHRE isa forerunner of Bridge and 
is a great deal simpler to implement than Bridge. 

Gregory F. Whitten 
74 Craigie St., Apt. 10 
Somerville, MA 02143 



Out... input/output...ia 

A Second Look at Calculators 
Dear Editor, 

Like E. R. Tufte in Creative Computing (May-June 1977, p. 
34), I have 5 calculators in the house, 2 of which I consider 
lemons (though all of them work as advertised), and I have also 
encountered the feeling of guilt over my cumulative investment 
(which besides might have bought me a “luxurious” microcom- 
puter system, for over $1270). While his observations on 
electronic obsolescence are a fair warning to uncreative 
computing fans or fellow travelers, most of your space could 
have been used more constructively, to suggest rather the 
following: 

1. Printing is not worth it, because one can recall registers or 
repeat calculations as often as one wants, and one can program 
“split displays” of several numbers in one display window, or 
sequential displays of whole arrays, if desired with identifying 
subscripts flashed briefly before each output. What would you 
do with all the printout, if it is not labeled, and not ona page you 
can file or publish, anyway? (Buying a non-programmable with 
a printer built in is a particularly self-defeating combination, as 
standards in electronics change fast, and printer mechanics are 
stagnant and expensive.) 

2. A good up-to-date card-programmable calculator is not 
likely to be “purchased with good intentions, and used once or 
twice,” by anyone interested in creative computing. And I have 
seen players of ready-made games of skill return to Moon 
Landing or Battle Ships more than twice even on a less 
convenient key-programmable. 

3. Calculators are not limited to engineers and business 
people, as one can see in the HP Users Library, which picked up 
about 5000 well-documented and distinct programs from 
owners of just one calculator model, in 3 years. Only about 8% 
were business, and about 34% engineering oriented. (Incidental- 
ly, as a note on software-sharing sociology, the world’s most 
famous minicomputer, the PDP-8, scored less than 1000 con- 
tributed programs in the DECUS Library, in 6 years.) 

The problem of “compulsive investor’s guilt” was solved for 
me in 2 ways. First, since 1974 my family and I have written up 
21 programs we thought noteworthy, and got them all accepted 
ip the internationally accessible HP-65 Users Library, and we 
have quite a few more in the (now congested) pipeline to the HP- 
67 Users Library. Secondly my wife, a biologist, did all 
computing for publication of her master’s thesis, and for 
preparation of her custom-written programs, and enjoying 
absolute convenience and flexibility of access at her desk, near- 
perfect efficiency, and not the slightest distraction from 
hardware reliability problems. 

Paradoxically, I don’t continue to use any of the “big” 
programs that were so exciting to write and shake down. 
Professor Tufte’s comparison with Dr. Samuel Johnson’s dog 
walking on its hind legs seems stunningly perceptive in this 
connection. However, is it really unnatural to use a handy toy to 
model computational processes on a small scale, for more 
intimate familiarization? Or to break the tedium of reading a 
mathematical or technical textbook by breezing through 
examples which the editor may have found too laborious to 
check for accuracy? And is it not a stimulating mirror for one’s 
mathematical fitness and quantitative applications ingenuity, 
independent of academic conventions, if one has occasion to see 
what turns up, besides games, in a calculator users library? In 
addition to the more spectacular competitive computing 
sportsmanship, which is typically elicited by programmable 
calculators, the keen observer will get a moderate traffic of little 
cases in daily life, which we still have to learn to recognize as 
instances of programmable computation; e.g., converting data 
to percentages which manifestly add up to exactly 100. 

Although I got burned twice already, in a way, I frankly look 
forward to discrete little machines with more capabilities, to get 
hands-on experience with more challenging mathematical 
procedures like prediction filtering (applicable in Battle Ships 
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like in Norbert Wiener’s anti-aircraft guns), pattern recognition, 

feature selection, simulation of multivariate random processes, 

and ultimately, management of my appointments and agenda 
diary, with the whole show remaining easily portable like a 
tricorder in STARTREK. Some programs recently completed 
in shirt-pocket format are Nonlinear Regression, Factor 
Analysis, Multivariate Analysis of Variance, Exam Grading 
with Item Analysis, Questionnaire Tabulation, Dynamic 
Programming, and Master Mind, although not all of these 
exhibit dazzling performance and range with current equip- 
ment. 

I will barely take the advice of waiting till the new models 
appear in the discount stores, and J think the manufacturers are 
quite justified to plan for “More Power in Your Shirt Pocket or 
Skirt Pocket.” 

R. Belling 
398 Ogden Ave. 

Jersey City, NJ 07307 

Sloppy Disks 

Dear Editor: 
Our company is a manufacturing and sales outlet for a new 

generation of micro and mini computers. We have a franchise 
aim for a hobby computer store with a strong emphasis on the 
small business market. 

During “Ma Bell’s” yellow-page campaign, our company 
produced two ads showing the internal structure of a business 
retail and a hobby retail division. As these two ads were given 
the same address for billing, the printers combined the ads and 
came up with the enclosed yellow page ad. As you can see, our 
company is now the proud (?) producers of the only SLOPPY 
DISKS in America for the next year that are double density 
formated. 

WORLD OF COMPUTERS 
NEW GENERATION OF BUSINESS MINI COMPUTERS 

— BASIC SYSTEM — MULTI TASKED SYSTEMS. EXPANDABLE TOO! 
544 K MEMORY — MULTIPLE CRTS & PRINTERS 

\WG- Q, 808 yTERe 392-8082 
gn? — DOUBLE DENSITY — SLOPPY DISKS 

G 25/50/80 /200/300 MILLION BYTES 
ON HARD DISKS PACKS 

WORD PROCESSING APPLICATIONS ARE AVAILABLE 
e or Gat 577-0632 

5849 DORCHESTER RD. CHARLESTON, S.C. Suy2 

We figured that such an engineering feat as SLOPPY DISKS 
would be of interest to your public. Anyone interested in our 
design structure will be sent an information package. 

Douglass C. Boseman 
President 

ComputerCo, Inc. 
5849 Dorchester Rd. 

Charleston Hts., SC ae 

A for Effort, Zero for Arab 
Dear Editor: 

On reading the Jan-Feb 1977 issue of Creative Computing 
more carefully, | came upon the item (p 60) titled, “A for Effort, 
Zero for Arab” which was listed as Anonymous. I believe the 
author should be given credit for his work. 

The piece was written by Mr. William J. Wiswesser and first 
published in May 1950 under the title, “Prologue: The Empty 
Column, A Parable about a ‘New Notation” of Long Ago.” 

It was rediscovered and printed again in Computers and 
Automation, January 1970 with a request for the name of the 
author which was provided in the March 1970 issue. 
Gene Wiswesser’s address is 3103 River Road, Reading, Pa. 



I believe his article came about because of his frustration in 
seeing a delay in acceptance of another “new” notation, which he 
has developed. It is a compact, linear notation for chemicals 
which is quite suitable for computer processing, unlike the usual 
two-dimensional “benzene ring” drawings taught in chemistry 
courses. 

G. Truman Hunter 
31 Overlook Drive 

Greenwich, CT 06830 

Poetry Anyone? 
Dear Editor: 

I am trying to locate some poetry about computers. If any 
readers know of any, I would appreciate hearing of it. 

D. Van Tassel 
Computer Center 

University of Calif. 
Santa Cruz, CA. 95064 

Programming for the Handicapped 
Dear Editor: 

Enclosed you will find a check and mailing addresses for six 
subscriptions to Creative Computing. These subscriptions are 
graduation gifts to students of the first graduating class in 
computer programming for the physically handicapped at 
Lakeshore. 

The course is the third to begin in the nation and the first to be 
associated with a university (of Alabama in Birmingham). It isa 
practical, vocationally-oriented course concentrating in 
COBOL programming with experience in IBM’s TSO, JCL, 
Utilities, and the BASIC programming language. 
We thought you might be interested in the existence of the 

course (and the reason for the subscriptions). We feel that 
computer programming is an especially appropriate occupation 
for the physically handicapped as well as an interesting 
avocation. We believe your magazine will help maintain their 
interest. 

C. Joseph Williams 
Lakeshore Rehabilitation Facility 

3800 Ridgeway Drive 
Birmingham, AL 35209 

Endless Repeats 

Dear Editor: 
Products or quotients which endlessly repeat numbers or 

patterns of numbers have long intrigued me. Some time ago | 
gave myself the problem: What are the simplest numerators and 
denominators whose quotients forever repeat each of the 
numbers | through 9? — and I found, of course, that the desired 
number, divided by 9, endlessly repeats that number. Thus 7/9 = 
7777777... The only difficulty was that 9/9 = 1. Here I had to 
make an infinitesimal adjustment: 89999999999.../9 = 
99999999999 .... 

But just the other week I was reading an essay by Nanekal 
Senrab, an I Ith century Arabic mathematician, wherein he re- 
ported that, through sheer serendipity, he discovered that any 2- 
digit number (other than 99) divided by 99 forever repeats that 
number. Thus 27/99 = 2727272727...(For 99 divide by three 
nines instead of two, thus: 99/999 = 099099099099 ....) For three 
digit numbers (except 999) divide by 999. Thus 987/999 = 
OSTI8/ 98 Jace. The number of digits in both numerator and 
denominator must match. But this can go on ad infinitum, 
providing infinite delight. 
Why dividing a 2-digit number by 99 repeats that numerator 

was not clear to me until I realized that dividing by 99 is the same 
as multiplying by its reciprocal which is 01010101... The 
reciprocal easily illustrates why the rule is true. 

I am happy to share this with your readers. 

Lakenan Barnes 
115 South Jefferson St. 

Mexico, MO 65265 
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Shorter and Faster ELIZA 
Dear Editor: 

Steve North’s version of ELIZA programmed in MITS 
BASIC (July/ August 1977) is up and running in our ALTAIR. 
It seems to be interesting to everyone who sees it. One important 
change though will allow ELIZA to run with nearly 2K bytes less 
memory: Delete line 90 which allocated array space for strings. 
These are never used since in MITS BASIC each non- 
dimensioned string variable and each member of a string array 
can each contain up to 255 characters. 

For use on MITS version 4.0 EXTENDED BASIC, ELIZA 
will run faster if the following two changes are made: 

1. DEFINT A-Z to define all non-string variables as integer 
and 

2. Replacing lines 315-350 with a line incorporating INSTR 
the string search function 
330 T = INSTR(I$,K$): F$=K$: 
GO TO 365. 

IF T THEN S=K: 

Alan R. Miller 
Dept. of Metallurgical & Materials Eng. 

New Mexico Tech 
Socorro, NM 87801 

A Plug for PASCAL 
Dear Editor: 

I am writing in response to the letter by Tom Allen (p 43) in 
the March-April 1977 issue of your magazine. Mr. Allen’s view 
on the inadequacies of Basic and Flowcharting as the standard 
medium for algorithms in Creative Computing is eminently 
sensible, but his proposal for a Basic-Cobol hybrid as such a 
standard is beyond belief. 

There is already a language which expresses algorithms 
rigorously without the illegibility of A/go/, and which has the 
further virtues of begin extremely easy to learn, very powerful, 
and already implemented. That language is Pascal. Consider for 
example how the main algorithm of Mr. Allen’s “Guess a 
Number” program would look when written in Pascal: 

printinstructions; 
repeat getcomputernumber; 

repeat humanguess 
until guesscorrect 

until b; 
Could Mr. Allen really claim that his version expresses the 

underlying algorithm as clearly as this? Proof to the contrary is 
to be found in the fact that his version contains no terminating 
condition; this is not immediately obvious from his program, as 
it would be if the “b” were omitted from the Pascal program. 

As Pascal interpreters and compilers become available for the 
8080, the Z-80 and all the rest later this year, the use of anything 
but Pascal as the standard for personal computing programs 
will become less and less excusable. 

David A. Mundie 
104B Oakhurst Circle 

Charlottesville, VA 22903 

Hamburger Pyramids 
Dear Editor: 

Your cute quotation “under 1,000,000 circulation” was 
obviously inspired by the McDonald’s slogan. Once, I went past 
a McDonald’s billing “over 8 billion sold.” Then, a few blocks 
later, | saw another McDonald’s sign saying “over 7 billion 
sold.” For a moment | thought someone had misplaced a billion 
Big Macs when I realized that both could be correct. And that it 
was just a billion hamburger lag taking its time travelling two 
blocks. But imagine, what would it be like to discover | billion 
lost hamburgers? That would be a pyramid measuring 409 feet 
on a base! Now that’s a steaming heap! Someday, someone will 
be reading back issues, see this letter and exclaim: “Only 8 
billion? They’re in the trillions now!”. 

Whimsically, 
John Miller 

1895 Buck 
West Linn, Oregon 97068 
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VERSATEC - AROUND THE WORLD 

Large-scale dynamic global computer models have 
predicted everything from doomsday by 2050 to com- 
plete equilibrium. On a smaller scale, models tend to be 
more consistent and hence more useful. Nevertheless, 
global models are getting better and there’s an increas- 
ing exchange of information between rival groups. Den- 
nis Meadows of Dartmouth, project leader of the orig- 
inal MIT study (‘‘The Limits to Growth” was the out- 
come), has prepared a bibliography of sources of in- 
terest to people involved with global modeling. 

The layman will also be interested in two other ar- 
ticles, ‘‘Doomsday, Says MIT Computer, May Be Just 
100 Years Away,” and “Dynamic Modeling Using For- 
tran IV,” both of which appeared in The Best of Creative 
Computing, Vol. 7. 

1. Forrester, Jay W. World Dynamics. Cambridge, MA: 
Wright-Allen Press, Inc., 1971. 

World2, the model on which World Dynamics 
is based, was the first significant global model. It was 
conceived and constructed by Professor Jay Forrester 
at the M.I.T. Sloan School of Management to serve as 
the basis for a two-week seminar on global problems. 
Model equations are presented in the book in the 
DYNAMO language. 
2. Meadows, Donella H.; Meadows, Dennis L.; Randers, 

Jorgen; and Behrens, William W., Ill. The Limits to 
Growth. New York: Universe Books, 1972. 

Limits was the result of a two-year effort by 
ten scientists and students at M.I.T. under the direction 
of Dennis and Donella Meadows to extend and disag- 
gregate the model originally presented by Jay For- 
rester. While the resulting publication provides much 
more empirical data in support of the general thesis, 

the conclusions remain essentially the same as those 
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first sketched out in World Dynamics. This text 
presents a comprehensive verbal description of the im- 
portant causal mechanisms governing growth and col- 
lapse, but it does not present the complete equations 
required to reproduce the detailed results. Those are in- 
cluded in reference 4 below. 
3. Meadows, Dennis L., and Meadows, Donella H., eds. 

Toward Global Equilibrium: Collected Papers. Cam- 
bridge, MA: Wright-Allen Press, Inc., 1973. 

This book is an unedited collection of thirteen 
papers, each commissioned to explore a specific as- 
pect of the Limits to Growth project at M.I.T. There are 
two introductory papers by Forrester and Meadows, 
seven papers describing specific models of population, 
agricultural, or resource issues, and four reports that 
explore the implications of growth limits for different 
institutions. The seven modeling papers each contain 
detailed computer listings in the DYNAMO language. 
4. Meadows, Dennis L. et al. Dynamics of Growth in a 

Finite World. Cambridge, MA: Wright-Allen Press, 
Inc., 1974. 

This is the technical report resulting from the 
Limits to Growth effort at M.I.T. It contains detailed 
technical expositions on each of the five world model 
sectors: population, resources, agriculture, pollution, 
and capital investment. Extensive references to the 
sources of theories incorporated in the model and to 
data used in estimating its coefficients are also 
provided. 
5. Mesarovic, Mihajlo, and Pestel, Eduard. Mankind at 

the Turning Point. New York: E.P. Dutton and Co., 
Inc., Reader’s Digest Press, 1974. 

Mankind at the Turning Point is the general 
report prepared from results obtained by two teams 
working jointly at Hannover, Germany, and Case 



Western Reserve University in Cleveland, Ohio. The 
basic conclusions of Limits are reaffirmed in this text, 
but the regional disaggregation employed by Mesarovic 
and Pestel permits more detailed exploration of region- 
al interactions than could be done with the M.I.T. 
models. This report does not include the equations 
necessary to reproduce its runs nor are they available in 
any other form. 
5a. Mesarovic, Mihajlo, and Pestel, Eduard. Multilevel 

Computer Model of World Development System. 6 
vols.. Luxembourg: International Institute for Ap- 
plied Systems Analysis, 1974. 

This six-volume report set was released in 
conjunction with a presentation of the Mesarovic- 
Pestel model before the staff of the International In- 
stitute for Applied Systems Analysis, but the com- 
plicated input/output software of the model prevents 
even the information in the detailed exposition from 
being implemented. 
6. Linneman, Hans. Population Doubling and Food 

Supply. Amsterdam: Economic and Social Institute 
of the Free University, 1974. 

. The effort of this Dutch team was undertaken 
in order to determine the investment and social implica- 
tions of a doubling world population. To narrow the 
focus of the study, exclusive concern was given to the 
question of nutrition. The analysis was based in part on 
simulation models, the equations for which are not 
given in this document. 
7. Herrera, Amilcar O. et al. Catastrophe or New Socie- 

ty? A Latin American World Model. Ottawa: Inter- 
national Development Research Centre, 1976. 

The Bariloche model was undertaken by a 

team of social scientists at the Bariloche Foundation in 
South America with support from the International 
Development Research Council in Canada. Initially con- 
ceied as acriticism and rebuttal of the Limits to Growth 
thesis, this model is essentially normative in concept 
and provides some description of those policies which 
would have to be employed to meet the basic needs of 
the world’s population by the year 2000. 
8. Leontieff, Wassily; Carter, Anne; and Petri, Peter. 

The Future of the World Economy: A Study on the 
Impact of Prospective Economic Issues and Poli- 
cies on the International Development Strategy. 
New York: United Nations, 1976. 

The Leontieff model was commissioned by 
the United Nations. It employs an input/output matrix 
with exogenous population variables and a rather scan- 
ty resource and pollution sector to examine inter- 
regional trade flows over the next several decades. 
9. Kahn, Herman; Brown, William; and Martel, Leon. 

The Next 200 Years. New York: William Morrow and 
Company, Inc., 1976. 

This volume is part of an ongoing study by 
Herman Kahn and his associates within the Hudson In- 
stitute to chart out some areas of the future. The work 
is not based on any formal computer model, nor are the 
detailed underlying assumptions leading to the 
authors’ conclusions actually specified or incorporated 

into the text. 
10. Tinbergen, Jan. Reshaping the International Order. 

Edited by Antony J. Dolman. New York: E.P. Dutton 

and Co., Inc., 1976. 
RIO is the description of a study undertaken 

to investigate narrowing the gap between the rich and 
the poor countries of the world. Although the organi- 
zers did not use a formal computer model, they did 
develop, through meetings of international commit- 
tees, several schemes for economic equity. The thrust 
of the study is distribution and self-sufficiency. @ 

Computer 
Music 

Bibliography 

John Snell 

Digital circuits may be used for controlling analog syn- 
thesizers, direct digital synthesis, composing music, analyzing 

(or tracking several parameters of) traditional musical instru- 
ments and the voice, spacial movement of sounds, and pro- 
cessing of musical sounds (filtering, reverberation, choral 
effects, etc.). | hope the following list of articles and books 

will help some of you to develop systems which are capable 
of making music enjoyable even by master musicians. This 
list is relatively short, and includes only a “taste” of relevant 

topics not specifically about digital music. For a more compre- 
hensive, well-organized listing see the bibliography from 
Electronotes (a fine electronic music periodical edited by 
Bernie Hutchins). 

J. Allen, ‘Computer Architecture for Signal Processing,” 
(EEE, Vol. 63, No. 4; April, 1975. 

W. Apel, Havard Dictionary of Music, Halliday Lithograph, 1969. 

iaeb J. Backus, The Acoustical Foundations of Music, W.W. Norton, 
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ASSP-23, No. 1; Feb., 1975. 

S.C. Bass, and B.J. Leon, “‘Designers’ Guide to Digital Filters,”’ 
EDN, Jan. - June, 1974 (6 issues). 

J.W. Beauchamp & H. Von Foerster, editors, Music by 
Computer, Wiley, 1969. 

; J.W. Beauchamp, ‘Analysis and Synthesis of Cornet Tones 
pe Nonlinear Interharmonic Relationships,” JAES, Vol. 23, No. 10; 

; J.W. Beauchamp, ‘‘A Computer System for Time-Vafiant Har- 
Hele Analysis and Synthesis of Musical Tones,” Music by Computers, 

J.W. Beauchamp, “Additive Synthesis of Harmonic Musical Tones’’ 
JAES, Vol. 14, No. 4, p. 332; 1966. 

L. Beranek, “Digital Synthesis of Speech and Music,” JEEE 
Transactions on Audio, Vol. AU-18, No. 4; Dec., 1970. 

S. Bertram, ‘‘Frequency Analysis Using the Discrete Fourier 
Transform,” IEEE Transactions on Audio and Electroacoustics, Vol. 
AU-18, No. 4; Dec., 1970. 

B.A. Blesser, K. Baeder, & R. Zaorski, ‘A Real-Time Digital 
Computer for Simulating Audio Systems,” JAES, Vol. 23, No. 9, 
p. 698; 1975. 

B.A. Blesser, “An Investigation of Quantization Noise,” JAES, 
Vol. 22, No. 1, p. 20; 1974. 

DA B.A. Blesser, & F. Lee, “An Audio Delay System Using 
Digital Technology,” JAES, Vol. 19, No. 5, p. 393; May, 1971. 

E. Blom, editor, Grove’s Dictionary of Music and Musicians, 
St. Martin's Press. 

D. Bohn, editor, Audio Handbook, National Semiconductor 
Corp., Santa Clara, Cal.; 1976. 
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R.W. Burhams, 
No. 8; Sept., 1971. 

R.W. Burhams, “’Single-Bus Keyboard Control for Digital 
Musical Instruments,” JAES, Vol. 19, No. 10, p. 865; Nov., 1971. 

R.W. Burhams, “Simplified Educational Music Synthesizer,” 
JAES, Vol. 19, No. 2, p. 127; Feb., 1971. 

R.P. Ceely, ““A Composer’s View of MITSYN,” AES Preprint 
No. 811 (M-1), Oct., 1971. 

H. Chamberlin, ‘Fourier Series Waveform Generator, Part 1,” 
EN, Vol. 5, No. 39, p. 2; May, 1974. 

J.M. Chowning, J.M. Grey, L. Rush, & J.A. Moorer, Computer 
Simulation of Music Instrument Tones in Reverberant Environments, 

“Digital Tone Synthesis,” JAES, Vol. 19, 

Stanford University Dept. of Music Report No. STAN-M-1; June, 1974. 

J.M. Chowning, “The Simulation of Moving Sound Sources,” 
JAES, Vol. 19, No. 1, p. 2; Jan., 1971. 

J.M. Chowning, “The Synthesis of Complex Audio Spectra by 
Means of Frequency Modulation,” JAES, Vol. 21, No. 7, p. 526; 
Sept., 1973. 
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No. 1; 1972. 

W. Cochran, J. Cooley, D. Favin, H. Helms, R. Kaenel, W. Lang, 
G. Maling Jr., D. Nelson, C. Rader, P. Welch, “What is the Fast 
Fourier Transform,” IEEE, Vol. 55, No. 10, p. 1664; Oct., 1967 
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J.L. Divilbliss, “The Real-Time Generation of Music with a 
Digital Computer,”” JMT, No. 8, p. 99; 1964. 

J. Dubnowski, R. Schafer, & L.R. Rabiner, “Real-Time Digital 
Hardware Pitch Detector, JEEE, Vol. ASSP-24, No. 1; Feb., 1976. 
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Electronic and Computer Music 
Reprinted below is the list of 

currently-available electronic and 
computer music tapes and records as 
listed in the January 1977 Schwann-1 
Catalog. 

Key: Q Quad record 
A 8-track tape 
QA Quad-8 tape 
° Cassette Tape 

Label abbreviations: 
Adv. Advance 

Ang. Angel 
At. Atlantic 
Can. Candide 

Col. Columbia 
DG Deutsche Grammophon 
Ev. Everest 
Fin. Finnadar 

Folk. Folkways 

GC Golden Crest 

Lyr. Lyrichord 

Main. Mainstream 

Mer. Mercury 

None Nonesuch 

Odys. Odyseey 
Ser. Serenus 

Van. Vanguard 

West. Westminster 

Listings below give complete contents when the entire re- 
cord contains electronic music. A reference to the listing 
under the composer's name in the Composer Section is 
made when only a part of the contents of the record falls into 
this category. Performers’ names are in italics. 

Adv. S-8—MAXFIELD: Pastoral Symphony (1960); Bacchan- 
ale (1963); Piano Concert For David Tudor (1961); Amazing 
Grace (1 mek 
epee UDD: Oak of Golden Dreams (1970); Coeur D’Orr 
( 

Ang. S-36042; @4XS-36042—WHITE: Short Circuits Moog 
synthesizer & other electronics 

At. S-1576—MIMAROGLU: Sing Me a Song of Songmy— 
Hubbard, Reciters, Chorus, String Orch., Organ, Mimaro- 
glu, Synthesized & Processed Sounds 

Can, 31001—STOCKHAUSEN: Prozession for Tamtam, Viola 
Elektronium, Piano, Filters & Potentiometers (1967 

Can. 31025—SCHAEFFER: Objets liés; MACHE: Terre de 
feu, 2rd version; PHILIPPOT: Etude lil; BAYLE: Oiseau 
Chanteur; FERRARI: Téte et queue du dragon; MALEC: 
Dahovi; PARMEGLIANI: Danse 
ee 1201—See Duckworth, Strange, Wilson 
Col. MS-6146—See Varese 
Col. MS-6362—See Varese ; 
Col. MS-6566—AREL: Stereo Electronic Music No. Aes F 

BABBITT: Composition for Synthesizer (1964); DAVIDOV- 
SKY: Electronic Study No. 1 all EL-DABH: Leiyla and 
the Poet (1962); LUENING: Gargoyles (1962); USSACHEV- 
SKY: Creation—Prologue (1962)—Col.-Princeton Elec. 

Col. MS-7051—BABBITT: Ensembles for Synthesizer; CAGE: 
Variations |i (1961)— Tudor; POUSSEUR: Trois visages de 
pane Ge) 

Col. MS-7139—See Brown, Bussotti, Cage 
Col. MS-7194; eee ; &18-11-0092; QAMAQ-31018; 

@ 16-11-0092—SWITCHED-ON BACH—J. S. BACH: Bran- 
denburg Con. No. 3; Jesu, Joy of Man's Desiring; etc. 
(11-68)—Carlos, MOOG 

Col. MS-7286;418-11-0144;@16-11-0144—-CARLOS: Well- 
tempered Synthesizer 

Col. MS-7355—STOCKHAUSEN: Mikrophonie | for Tamtam, 
2 Micropnon es: 2 Filters & Potentiometers (1964)—Aloys 
Kontars Y. Alings, Fritsch, Bojé, Stockhausen, Davies, 
epee Mikrophonie II for Choir, Hammond Organ & Ring 
jodulators F965 Alfons Kontarsky, Fritsch, Schoris 

Col. M-30383; AMA-30383; @ MT-303 KAZDIN & SHE- 
PARD: Everything You Always Wanted to Hear On the 
Moog (9-71) 

Col. M-30683; Q—SUBOTNICK: Sidewinder—Subotnick 
2-Col. PG-31234; AGA-31234; @GT-31234—-CARLOS: Sonic 

Seasonin AUG 
Col. KC-31480—CARLOS: Clockwork Orange 
Col. XM-32088; A XMA-32088; @XMT-32088—CARLOS: By 

Request 
Col KM-32659; AKMA-32659; ®KMT-32659—Bach: Suite 

No. 2 in b; Sheep Mey Safely Graze; Brandenburg Con. No. 
5; etc.—Carlos, MOOG 

Col M-32741; Q—SUBOTNICK: 4 Butterflies 
Corn. U. 1—See Bielawa 
Corn. U. 7—See Borden 
CRI S-204—See Davidovsky 
CRI $-219—See Luenin ; 
CRI $-227—LUENING & USSACHEVSKY: Concerted Piece 

for Tape Recorder & Orchestra—Col.-Princeton Electronic 
Music Ctr.; POWELL: Events, M. (1963); Improvisation 
(1963); Second Electronic Setting (1962); 2 Prayer Set- 
tings—Wilson, Schwartz, Peta ressier, Hen ret Tar- 
ack, Lynch, Kougueil; USSACHEVSKY: Of W & Brass; 
Wireless Fanta: Col.-Princeton Elec. Music Ctr. 

CRI $-255—See Druckman 
2-CR| 268—Varése: Deserts (1954-61); LUENING: In the 

Beginnin eee BABBITT; Vision & Prayer (1961); US- 
SACHEV : Computer Piece No. 1 (1968); 2 Sketches 
(1971); SMILEY: kalyosa (1970); SHIELDS: Transformation 
of Ani (1970); DAVIDOVSKY: Synchronisms No. 5 
1969 ‘ol.-Princeton Elec. Music Ctr. ; 

CRI $-296—EATON:; Mass—Hirayama, White, Syn.; Blind 
Man's Cry—Hirayama, Syn.; Concert Music for Solo Clari- 
net—Smith 

CRI $-310—HILLER & BAKER: Computer Cantata—u. of Ill. 
Contemp Ch. Players, Hamm, MELBY: 91 Plus 5—Con- 
temp. Brass Qn : é Ts : 

CRI $-328—RANDALL: Music for the Film ‘‘Eakins'’—Prince- 
ton U. Comp. Ctr; CEELY: rae Pe Studio Fonologia; 
Mitsyn Music ; BEEP; DEL MONACO: Electronic Study No. 
2 (1970), Metagrama—Sanoja, Col.-Princeton Music Ctr 

CRI $-335—P. McLEAN: Dance of Dawn (1974);B. McLEAN: 
Spirals ee U. South Bend Elect. Music Studio 

CRI $-34! IDGE: In Celebration; Speech Songs; The 
Story of Our Lives 

Deram 18066—SATIE: Electronic Spirit of Erik Satie—Moog 
Synthesizer, Camarata, Contemp. Ch. Orch. 

Desto 6466—LUENING: fee In Space; Invention On 12 
Notes; Legend; Low Speed; Lyric Scene; Moontflight; 
LUENING & USSACHEVSKY: Incantation; USSACHEVSKY: 
Sonic Contours 

4-Desto 6474/7—See Tanenbaum 
Desto 7130; @47130—TANENBAUM: Movements; Contrasts; 

Blue Fantasy; For the ‘‘Bird’’—ARP Synthesizer 
OG 138811—STOCKHAUSEN: Gesang der Junglinge 

1955/6):Kontakte (1959-60) 
2-DG 2707039—STOCKHAUSEN: Hymnen: Anthems for 

Electronic & Concrete Sounds 
Ev. 3132—CAGE: Variations IV (excerpts) (1965) 
Ev. 3230—CAGE: Var. IV, Vol. 2—Cage, Tudor 
Fin. 9001—MIMAROGLU: Wings of the Delirious Demon & 

other electronic works 
Fin. 9002—DUBUFFET: Musical Experiences 
Fin. $003—MIMAROGLU: Music for Jean Dubuffet’s Coucou 

Bazaar 
Fin. Veal QA4—SALZMAN: Helix—NospQUOG Music/ 

Theatre Ens.; Wiretap—Nagrin; Larynx Music—Aoss, Sil- 
verman; Queens Collage 

Fin. 9010(Q); A—BABBITT: Ensembles for Synthesizer; SMI- 
LEY: Eclipse; SHIELDS: Farewell to a Hill; USSACHEVSKY: 
Piece for Tape Recorder; DAVIDOVSKY: Electronic Study 
No. 3; AREL: Stereo Electronic Music No. 2 

Folk. 6301—HIGHLIGHTS OF VORTEX—JACOBS: Chan 
Neen Electronic Kabuki Mambo ow Logos (1956); 
hythm Study #8 (1957); LONGFELLOW: Notes On the 

History Of the World (19597); 350-2 (19597); LOUGHBO- 
ROUGH: For the Big Horn (1957); TALCOTT: Loop Number 
3 (1957); Trilogy (1957 

Folk. 33436—ELECTRONIC MUSIC—GRAUER: Inferno; 
IVEY: Pinball Nae ; ROBB: as) fd eee LeCAINE: 
Oripsody aR ); AITKIN: WALTER-OLNICK-SCHAEFFER: 
Summer Idyi Noesis (1962); M. SCHAEFFER: Dance R 43 
: 961); STEPHEN: Fireworks; Orgasmic Opus 

Folk, 3343S—ROBB: Rhythmania & Other Electronic Musical 
Compositions 

Folk, 33437—APPLETON: World Music Theater 
Folk, 33438—ROBB: From Razor Blades to Moog 
Folk, 33440—NELHYBEL: Outer Space Music 
Folk. 33441—MIMAROGLU: Tract (1972-74)}—Tuly Sand, 
American Center For Students & Artists (Paris), Columbia- 
Princeton Electronic Music Center 

Folk. 33869—-COPE: Navajo Dedications 
Folk. 33904—AIN: Used To Call Me Sadness—Matsua; CHA- 
DABE: Echoes— Williams; McMILLAN: Whale |; Carrefours; 
MUMMA: Cybersonic Cantilevers; USSACHEVSKY: Con- 
flict 

Fin. 9010(Q); Q&4—BABBIT: Ensembles for Synthesizer; 
SMILEY: Eclipse; SHIELDS: Farewell to a Hill; USSACHEV- 
SKY: Piece for Tape Recorder; DAVIDOVSKY: Electronic 
Study No 3; AREL: Stereo Electronic Music No. 2 

GC $-4085—See Macinnis, Trythall 
GC $-4092—KNIGHT: After Guernica (1969); Refractions for 

Clarinet & Tape (1962)—Sweetkind; Origin of Prophecy 
(1964), Luminescences (1967) 

Lyr. 7210—SAHL: Tropes on the Salve Regina 
ain. 5002—BRYANT/CURRAN/RZEWSRI/TEITELBAUM/ 
VANDOR : Live Electronic Music Improvised—MEV. Rome; 
CARDEW/GARE/HOBBS/PREVOST/ROWE: Live Elec- 
tronic Music Improvised—AMM. London 

Main. 5003—See Kage/ 
Main. 5004—See Berio 
Main. 5005—See Cage 
Main. 5010—ASHLEY: Purposeful Lady Slow Afternoon; 
BEHRMAN: Runthrough; LUCIER: Vespers (1968); MUM- 
MA: Hornpipe (1967)—Sonic Arts Union 

Main. 5015—See Cage 
MCA 2220—SANTO: John Santo Plays Bach 
Mer. 80000; 48-80000; @4-80000—GLEESON: Bayond the 

Sun (Holst:Planets) 

We Challenge Comparison 

8 Cramp ore 
WITH A $350 OR ANY OTHER PRICED TALKING MACHINE 

Other machines may use 
their 96-inch horns or 
larger 

6ram-o-phone to use its 
regular 16-inch horn 

Gram-0-phone to use its 50c. records—Flat, signed, indestructible 

Other machines may use their 
§.00 records—cylindrical, waxy, 
faked” or otherwise 

WE 

MAKE 

NO 

TOYS 
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AND LET THE PUBLIC JUDGE 

National Gram-o-phone Cor., ‘8 STREET np bRoaDway, 

None. 71174—SUBOTNICK: Silver Apples 
None. 71198—RUDIN: Tragoedia 
None. 711998—GABURO: Antipronie ll (Pearl-White Mo- 

ments); Antiphonie IV (Poised); Exit Music I:The Wasting of 
Lucrecetzia; Exit Music |I:Fat Millie's Lament—New Music 
Choral Ens., Univ. of ill. Enns Ch. Players 

None. 71208—SUBOTNICK: Wild Bull 
None. 71223—ERB: Reconnaissance (1967)—Erb, Douglas, 

Forbes, Grierson, Watson, Thomas, Stein; In No Strange 
Land V 968)—Dempster, 8. Turetzky 

None. 71224—See Cage & Hiller 
None. 71225—WUORINEN: Time's Encomium, for synthesiz- 

er (1968-9) 
None. 71245—RANDALL: Quartets in Pairs (1964); Quarter- 

sines (1969); pees bas monologues by a mass murderer) 
(1965)—Kessler, DODGE: Changes; VERCOE: Synthe- 
sism—Columbia-Princeton U's Computer Centers 

None. 71246—XENAKIS: Bohor | i888: Orient-Occident lil 
1959-60); Diamorphoses II (1958); Concret P-H II 
(t9e8 ORTF, Paris, Groupe recherches musicales 

None. 71250—DODGE: Earth's Magnetic Field—Boller, Fre- 
derick, Ungar, Columbia U. Computer Center 

None. 71289—KORTE: remembrances, for Flute & 
Tape;DAVIDOVSKY: Synchronisms No. 1, for Flute & Tape: 
KUPFERMAN: Superfiute, for Flute & Tape—Baron 

2-None. HC-73018($11.88, w. book}—NONESUCH GUIDE 
TO ELECTRONIC MUSIC ; 

Odys. 32160156—See Cage, Ichiyanagi, Lucier 
Odys. 32160158—See Mumma 
Odys. 32160160—MAXFIELD: Night Music (1960); OLIVER- 

S: | of 1V (1966); REICH: Come Out 
Odys. Y-34139—CANN: Bonnylee (1972); GRESSEL: Points 

In Time (1974) KREIGER: Short Piece (1974); LANSKY: 
mild und Leise (1973-1974); SEMEGEN: Electronic Compo- 
sition No. 1 (1971-1972); WRIGHT: ElectronicCompostion 
No. 2 (1973); ZUR: Chants, for nh ed Tape (1974) 

Odys. Y-34158—SUBOTNICK: Until Spring 
Op. One 7—See Schubel 
Op. One 17—McCLELLAN; Distant Voices (1971), CHA- 
DABE; Ideas of Movement at Bolton Landing oe 

Opus One24—McCLELLAN: Genesis (1974); Interruptions 
(1971) 

Orion 7021;@CAS-70211—SWICKARD: Sermons of Saint 
Francis, for narrator and tape (Moog) (1968); Hymn of 
Creation. for narrator and type (1969)}—DuSay; HELLER: 
Labyrinth for Cello & Tape (1969)—/schar 

Orion 74142—GRAYSON: Live Electronic Music 
Orion 75192—B. McLean: |i, for Piano & Tape—Hamilton; 

The Sorcerer Revisited; Genesis 
Point 101—See Badings 
RCA ARL1-0488; Q; AARS1-0488; Q4; @ARK1-0488— 
TOMITA: Snowflakes Are Dancing (Music of Debussy 

RCA ARL1-0838; Q; AARS1-0838; Q4; @®ARK1-0838—TOM- 
ITA: Pictures at an Exhibition (Mussorgsk’ 

RCA ARL1-1312; Q; AARS1-1312; &; ®ARK1-1312—TOMI- 
TA: Firebird (Music of Stravinsky, Debussy, Mussorgsky) 

Ser. 12045—CUSTER: Found Objects No. 5 for 5 Instr. & 
Tape—Custer, Ens.; No. 8, for Violin & Tape—Kobialka; 
No. 6, for Flute & Tape—Shansky; No. 3, for Contrabass & 
Tape—Turetzky 

Van. C-10057—RANDALL: Lyric Variations for Violin & Com- 
paler (1966-7)—Zukofsky; SAHL: Mitzvah Fer the Dead, for 

iolin & Tape (1966-7)—Zukofsky 
Van. C-10069—CZAJKOWSKI: People the Sky 
Varese 81001—TAYLOR: Lumiere, for Synthesized & Con- 

crete Sound 
West. 8110; AF8110—GASSMANN: Electronics: Music to the 

Ballet (1961): SALA: Five Improvisations 
West. 8129; 4F8129—MEYERS: Rhythmus; Excitement; In 
Memoriam for Soprano & Tape; Chez dentiste; Moonflight 
Sound Pictures—Hansei; Intervals |; MARDIROSIAN: Fan- 
tasia for Organ & Tape—Mardirosian; HEINTZ: Fanfare & 
Raga for Bassoon & Tape—Heintz; Meyers, Catholic Uni- 
eek ¢ of America Electronic Music Laboratory 

West. 8182—Unusual Classical Synthesizer—Hankinson, 
Putney V.C.S. 3 Synthesizer 



The Digital Computer: Orchestra or Composer's Assistant? 

by Arthur Layzer 

There are two distinct uses of the digital computer in 
music today: the first is to help write a score that can be 
played by either artificial means or by ordinary instrumental 

performers; the second is to actually synthesize the musical 
sound from a score-like specification without the in- 
termediary of an orchestra or conventional sound studio 
equipment. After ten or fifteen years of exposure to these 
uses of the computer, most people still regard them as 

rather exotic. 
These applications of the computer are in fact like 

separate magical tricks. The production of sound by the 

computer out of numerical specifications may be compared 

to a sleight of hand trick. The trick can be explained. Once it 
is explained there is no more magic and everything seems 
straightforward. The programming of a composition on the 
other hand is a trick of a very different kind. The difficulty is 
in understanding how something of aesthetic value can be 
created from such drab materials as algebraic transfor- 
mations, random choices and Fortran do-loops. Perhaps, in 
fact the trick need have no rational explanation. It might be 
an illusion, like the Indian rope trick. After all, the aesthetic 
experience itself may be completely an illusion. We of 

course all hope that it is a benign one. If the aesthetic 
experience is an illusion then presumably it is enough to 
demand of a programmed composition that it produce the 

illusion in some listeners. Now, it is known that some 
programmed compositions have created the illusion of art 

among some people. The body of experience in this area is 

however still not large and | concede that there are serious 
questions of principle. To be on solid ground | shall talk 
mostly about the sleight of hand trick — the synthesis of 
musical sound by the computer. 

If you analyze the production of sound by a conventional 

orchestral instrument like a saxophone for example, if you 
analyze it from a rather strange perspective you might 

realize that two functions are combined in one piece of 
hardware: the actual physical generation of sound waves by 
the air resonances inside the saxophone and the struc- 
turing of the air column by the holes and wall-shape of the 
saxophone which determines these resonances. Of course, 

| count the reed, the air and the saxophonist’s fingers as 

part of this hardware. 
In an electronic studio producing tape-music the situa- 

tion is more or less similar from this point of view. There isa 
collection of oscillators with dials. The outputs of the 
oscillators are mixed together or serve as controlling 

voltages for other oscillators. The end result is a voltage 
output fed to the input of a tape recorder. Inside the tape 
recorder the electrical wave form is copied or translated into 

magnetic impressions on the tape. The tape is a stored 
record of the electrical wave-form and on playback the 
magnetic impressions on the tape are again rendered into 
electrical impulses which this time drive speakers which by 

their mechanical vibrations produce the final sound wave. 
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Compared to the saxophone, there is the addition of 
various copying and translating stages. But just as in the 

saxophone the structuring that determines the musical 

properties of the final sound wave is embedded in the 
hardware, in this case the hardware of electrical circuits 

and the associated dials. 

In the digital computer synthesis of music, the structuring 
inherent in the musical sound is completely separated from 

the hardware implementation associated with the final 
sound wave. The structuring is achieved by mathematically 

schematizing the relevant aspects of electronic oscillators 
and their coupling through Fortran-like programming and 
then outputting a sequence of numbers on a digital tape. 
The sequence of numbers is to be interpreted as a uniform 
time-sampling, at a certain rate, of the amplitude of the final 
sound wave, conveniently normalized. The digital tape is 
later scanned at a speed that corresponds to the assumed 
sampling rate by a standard piece of apparatus called a 
digital to analogue or D to Aconverter, which translates the 
sequence of numbers into a timed sequence of electrical 
impulses which are then fed into the input of an ordinary 
tape recorder. The rest of the process is then similar to the 
electronic studio case. 

Historically, the first successful and comprehensive 
music synthesizing design along these lines was carried 

out by Max Mathews and Joan Miller at Bell Laboratories in 
the early 60's. This was a remarkable example of technical 
ingenuity that combined programming art with an apprecia- 
tion of the electronic engineering aspects involved in 
obtaining a digitally structured counterpart to studio 
hardware equipment. Their first viable program was known 
as Music IV. A rather large number of improved 
modifications have appeared at various institutions across 

the country since that time. In addition, there has appeared 

a Music V version created at Bell Labs in 1968, this time by 
Mathews, Moore, Miller and Risset. & 

A Personal Statement 
Though long interested in music and a good 

amateur clarinetist, | stayed away from computing for 

as long as possible, to my later regret. My major 
background is in theoretical physics and quantum 

mechanics, fields in which I’m still active at Stevens 
Institute of Technology. In 1967 | became seriously 
interested in computer music and audited a course at 

Princeton taught by Godfrey Winham. In recent years 
| have used the computing facilities at Bell 
Laboratories, Murray Hill where | am a resident 

visitor. Still more recently | became interested in 
computer animated poetry. The film ‘Morning 
Elevator’’ has been shown at a number of national 
conferences in music, literature and the arts, 

including the international conference on Computers 
in the Humanities at the University of Minnesota, July 

1973. I've been indispensably aided by the program- 

ming skills of computer scientists at Bell Labs. Dr. 

Joan E. Miller in particular helped me write the visual 
program for ‘“‘Morning Elevator’ and in preliminary 
simulation with a minicomputer (DDP 24) before lran 

the film off on the large GE (now Honeywell) batch 

system for handling movies, which used an electron- 
beam technique (Stromberg-Carlson) for exposing 
the 16mm film. 

Readers of Creative Computing wishing to corres- 
pond further with Prof. Layzer, can write him at 161 
W. 75th St., New York, N.Y. 10023. 



1. The use of algorithms is fundamental to developing 
computer programs. When was the first Known use of the 
floating-point algorithm, which included conditional 
branches and iterations? 
a. Before 1940. b. 1940-1945. c. 1945-1948. d. After 
1948. 

2. Before the digital computer age, astronomers had to 
calculate orbits of astronomical bodies by hand. What was 
the typical precision of these orbital calculations? 
a.2 places. b.6places. c.9 places. d. 100 places. 

3. The government funded development of a computing 
machine, but cost overruns of more than ten times the 

Original estimates caused the administration to withdraw 
in alarm. An oft-repeated story, but who was the developer 

the first time it happened? 
a. W. Burroughs. b.N. Dodge. c. C. Babbage. d. G. 
Boole. 

4. The first wholly key-operated calculating machine 
was the Comptometer, a practical adding and listing 
machine. Who invented it? 
a. Leo Evans. b.Norbert Dodge. c.Francis Galton. d. 
Dorr Felt. 

5. ‘The American Arithmometer Company patented the 
first practical recording adding machine in 1892. Today 
the firm is known by another name. What is it? 
a. Burroughs Corp. b. Honeywell, Inc. c. Sperry Rand 
Corp. d.NCR Corp. 

6. Herman Hollerith organized the Tabulating Machine 
Corporation which grew into IBM. His punched cards 
were first used by which government agency? 
a. Federal Bureau of Investisation. b. Census 

Bureau. c. Internal Revenue ©. :vice. d. Department of 
Defense. 

7. Leonardo Torres y Quevedo’s “telekino” was an early 
attempt to program a machine to play a popular game. 

What was the game? 
a. Chess. b. Checkers. c. Tennis. d. Bowling. 

8. The application of computers to astronomy was 
revolutionary. Ephemeris data calculated by Wallace 
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Eckert in 1951 is still in use today and was the basis for 
many NASA missions. Which of these bodies was in 
Eckert’s data? 
a. Jupiter. b. Mercury. c. Earth. d. Bardot. 

9. The “Universal Computer” designed by Alan Turing 
can solve any mathematical problem. 
a. True. b. False. 

10. Weather predicting may sometimes be no more 
accurate today than when granny’s aching bones 
signalled a storm. The first person to use data processing 
in meteorological prognostication got his name attached 
to a basic weatherman’s parameter. Who was he? 

a. Zucker Kurtz. b. Lewis Richardson. c. Lenwood 
Walters. d. Charles Precipitation. 

11. Plankalkul was an attempt in 1940 to? 

a. Make tires from garbage. b. Develop a new memory 
device for computers. c. Write computer programs. d. 
Invent a breakfast pastry. 

12. Vannevar Bush, the man who coinvented a differen- 
tial analyzer with Samuel Caldwell also? 
a. Discovered a cure for polio. b. Was the military R&D 
Director during the Manhattan Project. c. Developed the 
transistor. d. Sold botanical specimens door-to-door. 

13. Cybernetics, which is used in control theory, automa- 
tion, and computer programming was a word coined by? 
a. B. Masterson. b. S. Curuthers. c.S. Morse. d.N. 
Wiener. 

14. It was 51 feet long and 8 feet high, tipped the scales at 

a dainty 35 tons, and used 3,000,000 connections for its 
500 miles of wire. Its name? 
a. Mark |. b. King Kong. c. ENIAC. d. Jaws. 

15. A government-financed machine was developed in 
conjunction with the Morse School of Electrical Engineer- 
ing at the University of Pennsylvania. The coinventers 
were? 
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i 23. The earliest method of storing programs in a ae eer 
fag Computer used tanks containing? 

a. Martin & Lewis. b. Mauchly & Eckert. c. Wells & 
Fargo. d. Aiken & Wiener. 

16. In the genealogy of data processing machinery, the 

younger brother (sister?) of BINAC was? 
a. UNIVAC |: b. IBM 701. c. EDSAC. d. GENIAC. 

17. UNIVAC stands for? 
a. Universal Alternating Current. b. University of Alta 
California. c. Unit Versatile Automatic Computer. c. 
Universal Automatic Computer 

18. The conclusion of the judge in the patent infringe- 
ment suit between Sperry Rand and IBM in 1973 was that 
the inventor of the computer was? 
a. John Atansaoff. b.JohnEckertandJohn Mauchly. c. 
All of the above. d. None of the above. 

19. Which university gave up the fulfillment to many 

future fund drives when it failed to obtain patents on early 
computer work done there? 
a. Slippery Rock. b. MIT. c. Washington State. d. 
lowa State. 

20. With its 40 racks of equipment and 20,000 vacuum 
tubes, ENIAC ran up daily electric bills of? 

a. 1¢ (during the war, electricity was free). b. $30. c. 

$60. d. $100,000. 
21. Jay W. Forrester, an electrical engineer and manage- 
ment expert who applied computer simulation to the real 

world, also? 
a. Devised COBOL. b. Retired on the proceeds at age 
23. c. Founded the RAND Corporation. d.!Invented the 
random-access memory cores. 

22. The stored-program machine, program labels and 
symbolic addresses, macros, and microprogramming all 
received early attention of Maurice V. Wilkes at which lab? 
a. Oxford University. b. U.S. Army Abeerdeen Proving 

| Ground. c. Dr. Faustus. d. University of Cambridge. 

———\ 

a. Mercury. b. Water. c. Chicken soup. d. Liquid 
hydrogen. 

24. Dr. Grace Hopper was involved with which commer- 
cial effort? 

a. IBM 701. b. Business programs for the Burroughs 
7B. c. UNIVAC I. d. HAL. 

25. The first programming language was developed in 
1952 for UNIVAC | and was used for numeric and scientific 

if| applications. It was? 
| ma. FORTRAN. b. Short Code. c. Macro Language. d. 

26. The first commercial, large-scale binary computer 

used the well known (by ancient, moss-covered 
programmers) Speed Code. The language made the 
single-address, fixed-point computer appear to be a three- 

address, decimal, floating-point computer with index 
registers. The computer was? 

a. IBM 701. b. UNIVAC II. c. Burroughs 102. d. CDC 
Si}. 

27. Arguments on optimal storage structures have been 

going on since the early 50s. Match the machine with its 
storage technique. 
a. UNIVAC |. b. IBM 702. c. Blocked records on 
tape. d. Unblocked records on tape. 

28. The man who thought of “THINK” was? 
a. A.A. Michelson. b. W.S. Burroughs. c. T.J. Wat- 
son d.S. Craig. 

29. Wassily W. Leontief was awarded the Nobel Prize for 
his computer-associated input-output analysis. His work 
addressed? 
a. Computer communications with peripheral equip- 

ment=s bs Grocery Sstorese OS: te mmnuilnallsraaece 
Economics. d. National defense. 

30. In the top 50 data-processing industrial companies, 
One is a giant. IBM's share of last year’s total DP revenue 
pot was about? 
ae 20%, 6: 50%, 6.60% d. 75% 

answers are on page 169 
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Does This Question Apply to You? 
Adam Yarmolinsky, loyal Harvard alum, class of 43, and now the Ralph Waldo 
Emerson Professor at the University of Massachusetts, received one too many 
thirtieth-reunion questionnaires. (“What’s your income bracket?” “Are you a 
Republican, Democrat, or other?” etc.) Following the ancient political maxim 
you can’t beat something with nothing,” he offered in the Harvard Bulletin the 

following “counter-questionnaire” to his classmates and others: 

How often are you astonished these 
days? 
By yourself? 
By others? 

Do you laugh much? 
About what? 

Do you cry ever? 
About what? 

When did you last forget yourself? 
Under what circumstances? 

What is the most interesting thing about 
your life? 
The most boring? 

If you had it to do over again, would 
you be a different person? 
In what ways? 

Do your children understand you? 
What do you hope for your children? 
What do you fear? 
What do you expect? 

If you had to be someone else, who 
would you be? 

Are you more likely to be the victim 
or the perpetrator? 

Does God love you? 
Do you care? 

Where are you likely to spend eternity? 

What do you think about when you 
wake up at three in the morning? 

Why do you drink so much? 
Why doesn’t this question apply to you? 

What’s most wrong with this world? 
Is it anybody’s fault? 
Whose? 
Can it be fixed? 
Is it likely to be? 
What, if anything, are you likely to do 
about it? 

As between polygamy and polyandry, 
which would you prefer? 

Does space exploration excite you? 
Bore you? 

How do you feel about your dreams? 
How do the people in your dreams feel 
about you? 

What has been your greatest disap- 
pointment? 

Whom are you trying to impress? 
Whom are you trying to show up? 

What are you really curious about? 

Which of these questions was the hard- 
est to answer? 
Which was the easiest? 
Are there any questions you'd like to 
ask?P 
Or answer? 

|The Future 
of 

‘Computing: 

What Do YOU 

Think? 

We would like you to help us explore 
the future of computing as part of a 
study for Creative Computing maga- 
zine. The questionnaire below con- 
tains three sections. The first asks for 
some basic background information 
about you, your contact with com- 
puters, and your general views about 
the future. The second section con- 
tains statements about developments 
related to computing which may or 
may not occur in the next twenty-five 
years. 
We would like you to rate each item 

in terms of how likely you feel its occur- 
rence will be, how important it will be if 

it occurs, and how desirable it will be if 
it occurs. These hypothetical results 
were generated in part by the Creative 
Computing readership and in part by 
reference to previous studies of the 
future of computing. Some statements 
may seem overly vague, others too 
specific. Please try to evaluate each in 
terms of the general trend it repre- 
sents. The final section of the ques- 
tionnaire asks for your ideas, com- 
ments and suggestions on the future of 
computing. Please feel encouraged to 
elaborate on them. 
When you’ve completed the ques- 

tionnaire, please mail the results to: 
Craig Johnson 
The DaVinci Group 
235 Oak Drive 
Willowdale Lake 
North Canton, Ohio 44720 
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QUESUIONNAIE 
Section | 

y= Age 

Sex 

1. Female 

2. Male 

Education 

.__—1. Less than high school graduate 
_____2. High-school graduate 
____3. Some college 
____4. Bachelor’s degree 
____5. Master's degree 

6. Doctoral degree 

How much background or training in computer 
science do you have? 

—____1. No background 
2. Slight background 

—____3. Significant background (some formal train- 
ing) 

____4. Very substantial background (professional 
employment or 
computer science) 

professional degree in 

About how often have you used computers directly in 
the last year? 
_____1. Rarely (a few times a year or less) 
—___ 2. Occasionally (once a month) 
____ 3. Frequently (once a week) 

4. Daily 

On ascale from 1 to 5, how would you describe your 
political beliefs? 

1. Very conservative 
_____ 2. Conservative 

_____3. Middle of the road 
pee Lberal 

5. Very liberal 

How do you feel about your personal future? 
—____1. Very pessimistic 
_____2. Somewhat pessimistic 
____ 3. Neutral, can’t say 
4 Optimistic 

5. Very optimistic 

How do you feel about the future of the United 
States? 
eo | 
Ree 

Very pessimistic 
Pessimistic 

____ 3. Neutral, can’t say 
4. Optimistic 
5. Very optimistic 

How do you feel about the future of the world? 
____1. Very pessimistic 
ee eSSiimistic 
_____ 3. Neutral, can’t say 
© DLiMISUuC 
____5. Very optimistic 

Do you think forecasting studies are useful? 

pea Wseless 
pas? Of some use 
—___3. Very useful 

Section Il 
This section lists a number of events which may or may 

not occur in the next twenty-five years. Please rate each 
event in three ways, on a scale of 1 to 5: 

How 

How 

How 

(9) 

likely is it? 
1. Very unlikely, almost impossible 

2 
3. 
4 

5. Very likely, almost certain 

important will it be if it occurs? 
1. Very unimportant, trivial 

2, 
3: 
4. 
5. Very important, crucial 

desirable will it be if it occurs? 
1. Very undesirable 

2. 
oF 
4. 
5. Very desirable 

Audio (spoken) communication will be a common 

input/output mode. 
Likelihood 

Most governmental decisions will be made by debate 
and opinion analysis over a computer network. 

Likelihood ____ Importance Desirability 

Importance Desirability 

Holographic (three dimensional) audio/visual output 
will be in common use. 
__Likelihood ____ Importance Desirability 

Problems of poverty, population growth and en- 
vironmental decay will be largely solved for the 
United States. 

Likelihood 

Costs of computing (costs per instruction executed) 
will decrease by a factor of 100 from current (1977) 
levels. 

____ Likelihood 

Fear of invasion of privacy and general technical and 

economic problems will prevent the development of 

large data “nets” (networks). 
Likelihood Importance 

Direct two-way brain/computer (biocybernetic) links 
will be common. 
_____Likelihood 

Intelligent, self-aware computers (capable of passing 

the Turing test) will exist. 
Likelihood Importance 

Complex interactions with computers will be carried 

out by a mix of audio communications and movement 
through a sensor field (programming by song end 
dance). 

—___Likelihood 

Importance Desirability 

Importance Desirability 

Desirability 

Importance Desirability 

Desirability 

Importance Desirability 
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(10) 

(11) 

(12 — 

(13) 

(14 ~~ 

(15) 

(16 — 

(17) 

(18) 

(19 — 

(20 — 

(21 — 

(22) 

(23 ma 

(24) 

(25) 

(26) 

Diffusion of information and authority throughout 
large computer-based bureaucracies will produce 
widespread alienation. 

Likelihood Importance 

Basic concepts of computer science will be taught in 
elementary school. 

Likelihood 

Almostall financial transactions will be carried out by 
computer with no physical exchange of money. 

Likelihood Importance Desirability 

Problems of poverty, population growth and en- 
vironmental decay will be largely solved for the 
world. 

Likelihood 

Integrated teams of artists and scientists using 
computer communications and data-handling will be 
used to attack major social and environmental 
problems. 

Likelihood 

The majority of American homes will have a 
computer console. 

Likelihood Desirability 

Costs of rapid, randomly-accessible memory (cost 
per bit accessed) will decrease by a factor of 10,000 
from current (1977) costs. 

Likelihood ____Importance 

Desirability 

Importance Desirability 

Importance Desirability 

Importance Desirability 

Importance 

Desirability 

Rapid increase in automation will generate large 
numbers of unemployed workers. 

Likelihood Importance 

Most art and entertainment will be generated and 
viewed via computer. 

Likelihood Desirability 

Costs of rapid, randomly-accessible memory (cost 
per bit accessed) will decrease by a factor of 100 from 
current (1977) costs. 

Desirability 

Importance 

Likelihood Importance Desirability 

A very large “computer hobbyist” industry will 
develop. 

Likelihood Importance Desirability 

The United States will no longer dominate global 
economic and political affairs. 

Likelihood ____Importance Desirability 

Pocket computers will have independent capacity 
equal to current “third generation” computers (IBM 
360, Burroughs 6500, UNIVAC 1108, etc.) 
_____Likelihood Importance Desirability 

Computer/communications utilities will become the 
largest industry (in dollar volume of transactions) in 
the U.S. 

Likelihood ____Importance Desirability 

Most major household appliances will contain 

microcomputers to operate them in home use. 

Likelihood Importance Desirability 

Pocket computers will be capable of automatically 

linking to computing “nets” (networks) if they are 
within a mile of a two-way telecommunications 
channel. 

Likelihood Desirability 

The majority of U.S. computers will be linked into a 
general computing/memory network. 
___Likelihood ____Importance 

Importance 

Desirability 

(27) 

(28) 

(29) 

(30 — 

(31) 

(32) 

(33 — 

(34) 

(35) 

® 2 

Most governmental and business decisions will be 

made directly by computer with little human in- 

tervention. oes 

Likelihood Importance Desirability 

Computer-based data gathering and analysis 

systems will provide the basis for rapid advances In 

the social and environmental sciences. 

Likelihood Importance 

Costs of computing (cost per instruction executed) 

will decrease by a factor of 10,000 from current 

(1977) costs. 
Likelinood 

Pocket-sized memory units will have capacity equal 

to contemporary disk memories (will have capacities 

of approximately 1 billion bits per cubic inch). 
Likelihood Importance Desirability 

Libraries with “hard copy” (books, etc.) will be 
largely replaced by computer-based data files. 

Likelihood Importance Desirability 

Automatic translators for natural (human) languages 
will be in common use. 

Likelihood Importance 

Computers will exist which can comprehend stan- 
dard intelligence (IQ) tests and score over 200 on 

them. 

Desirability 

Importance Desirability 

Desirability 

Likelihood ____Importance Desirability 

Computers which “learn” from experience and are 
“educated” rather than programmed will be in 
common use. 

Likelihood ____Importance Desirability 

Breakdowns or errors in computer-controlled 
systems will cause several disasters of serious 
proportions (resulting in hundreds of deaths or 
injuries). 
____Likelihood 

Computer-based job-search procedures will reduce 
unemployment and under-employment. 

Likelihood Importance Desirability 

Computer hardware will be largely based on 
biological and biochemical circuitry. 

Likelihood Importance 

The health of the U.S. population will improve 
because of computer-based diagnostic and health- 
monitoring techniques. 

Likelihood Importance 

The overall quality of life for the average American 
will be greatly improved. 

_____Likelihood Importance Desirability 

The overall quality of life for the average human will 
be greatly improved. 

Likelihood 

Importance Desirability 

Desirability 

Desirability 

Importance Desirability 

Section III 
Please give us any comments, suggestions or ideas you 

may have related to the future of computing, the future of 
the U.S. or the future of the world. 
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The Case of the Reader Uncovered 

or 
The Clue From the 41 Square Boxes 

Burchenal Green 

Since Sherlock Holmes is able to use an “analytical 

machine” on other pages of this very issue, along with the 

wit and quickness of mind that are so characteristic of him, 

to solve a most difficult problem, | thought perhaps he could 
help figure out who you Creative Computing readers are. But 

alas, he was unavailable, except in the example he set. | 

~know you want to know about yourself. We all have a great 

curiosity these days to learn who we are, technology 

reshapes our lifestyles so quickly. In the absence of the 

eminent Mr. Holmes | turned instead to professional help 

from Stuart Varden, Howard Spivak and David Wilder, who 

respectively teach courses in Computing in Education, 

SPSS, and Survey Methodology at Teacher's College, 
Columbia. They allvery kindly agreed to help me find out who 

you, the readers of Creative Computing, are, probably not 

realizing allthe troublel was goingtobe, or |, how much work 

is involved in doing a good readership survey. 

My first task was to decide what actual physical means | 

could use to ask the questions, and the options, each with 

different expected results, were enormous. But so was the 

range of costs. | chose to include a survey form in the 
November /December issue that was comprised of one page 

with 41 questions of boxes to fill in, and a space for 
comments. The magazine could't afford the cost of binding 
in a pre-paid self-mailer questionnaire so we had to ask the 

reader's cooperation in xeroxing the survey page or in 

ripping it out of the magazine, and in providing your own 

stamp and envelope. In way of some token of compensation 

we offered a drawing of survey forms, the first prize winner 

to receive a three-year subscription or renewal of Creative 

Computing and the second and third prize winners to get a 

one-year subscription or renewal each. We numbered each 

questionnaire as It was received and on January 12th used 
the BASIC random-number generator in the GE 
Timesharing System to get three numbers. The winners 

were Ed Langlin, Santa Barbara, California; John 

Rabenaldt, Odessa, Texas; andJim Denning, SanFrancisco, 

California. 

After it was decided to trust to our readers’ filling out a 

page in the magazine, the next decision was that of figuring 

out what to ask. “You don’t get achance when you re doing 

the analysis to second-guess your subject,’ David Miller 

warned. ‘Make sure you think out what you need to know 

and that your survey instrumentasks that. Youcan'tanalyse 

what you forgot to ask. But,” he concluded, with the 

resignation of a professional, “almost everybody always 

wishes during analysis they'd included other questions.” 
(How right he was. Are you readers ready for another survey 

later this year?) 

“Keep the instrument simple and short,’ Howard Spivak 

advised, when | brought him handwritten pages of 

questions and comments. ‘People are busy. If you can limit 

your response to a checked box, maybe, just maybe, they'll 

fill it in. But don’t ask them for a write-up on each question. 

They may want to answer, and even start the form, but 
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chances are good they'll never finish it. Then you have 

nothing. Keep the response to checking boxes. You're 

already asking the readers to supply their own envelope and 

stamp.” 

What to ask readers hadto be questions that wouldclearly 

elicit what they read and wanted to read. We are fortunate 

enough to be able to get a large quantity of excellent articles 

by renowned experts in every area of the field. They 
fascinate me asl read them, edit them, andrush them to the 

typesetter, thinking, “| can’t wait for our readers to find out 
about that.” That article gets on the ‘must run” list for the 

next issue. Then the day comes for the next issue to be 

assembled, the fina/ no-time-left number-the-pages day 

when the some 250 pages of great material that must have 

gotten in, didn’t. Not to mention all the “‘I-wish-|-had-room- 

for material.’’ Amid great wailings, bemoanings andcurses, 

favored articles move from the ‘‘must-get-in” pile, no page 

number on the bottom, to the ‘‘wish-there-was-room-for”’ 
pile. It isn’t an easy decision to figure what's best to include 

as the contents of each issue. Variety is important. 

Information on new items of import will always get in, as 

well as good source material. Aside from that, letters tothe 

editor, phone calls, remarks overhead, that say what you've 

liked andread, play alarge part in dictating that final decision 

of what will be included. 

When Dave pointed out that we got more letters about 

“Shuffling” than almost any other single article, we knew 

we had to run “Shuffling Revisited,”’ the demand was so 
great. In each day's mail come letters requesting 

information on other languages which forced us not to hold 

PILOT and ‘’A Taste of APL”’ on decision day. What we hoped 
the readership survey would do would be provide us withan 

even more clearcut picture of what you doread and want to 

read, something encompassing all types of articles, to help 

uS in our decision-day crazies. 

Information about the reader was also needed to plan 

future directions of the magazine andto answer questions of 

advertisers. | like the advertising we ve run inthe magazine. 

| find it extremely helpful to know what's available on the 

market and| thought many readers felt the same way. What 

gluttons we are inthis day andage for information. But many 
advertisers, quite understandably, are curious to know who 

you readers are, to ascertain if you'd be interested in their 

products. | needed job, age? computer usage and potential 

buying information. In writing the questions of the survey, 
these points of information needed were those kept in mind. 

After 600 of you fine people sent in your forms, they were 

coded and key-punched. Forms that dribbled in after that 
weren't included in the survey results. 

To get the statistics | wanted from these forms | used 
SPSS, the Statistical Package for the Social Sciences, which 

was being implemented on the Columbia Teacher's College 
Burrough’s 4700. SPSS is one of the most popular and 
widely used of the statistical packaged programs. It was 

originally developed as a batch system on IBM machines at 



Stanford University around 1965. Since 1970, development 
has been progressing from the National Opinion Research 
Center at the University of Chicago. Its popularity among 

people whose work was founded on statistical analysis was 

instantaneous andl quickly discovered why. The program is 

simple tolearn and it performsthe kindof laborious statistics 

researchers would rather work from than figure out. 

Consequently, the package is now in use in over 1,000 
installations in every state in the union and in over 50 

foreign countries. 
For the analysis | did of the Creative Computing 

Readership Survey | used only the simple frequency-display 

routines. The control cards to run the program required a 

control word inthe control field found in columns 1 through 
15 and the detailed instructions necessary for that task in 

the specification field in columns 16 through 80. 
To get all the data necessary for the frequency of 

occurrence of each response to each question onthe survey 

all that was necessary was a program that read: 

RUN NAME CREATIVE COMPUTING SURVEY 
FILE NAME GREEN 
VARMABLE KLIST IDs CARDs ARTCLEs BKRREVS» FICTON*® PUZZLE» LERNPR»e GAMES» LETTER> 

ADS* EDITOR» CATLOGs CARTOUN» NOTICE» USEGAMs» BLOCMP» MICROS» 
EDUCAT» MUSIC» ART» MEDCIN» SPACE* BUSNIS» HOMECT> 
GRPHIC» ARTINT»s LEARNe FICTWT» SOCIMP» CLUBS» OTHER? 
TECNIC* CONFNCe JOB» CATWRK» CATSHL» CATHOMe CATOTH 
HMMICR*e HMMINYs HMCRT» HMTERM*e HMOISK» HMTAPR* HMVIDO» HOT? 
REC* CAT* RESRCH» RECORD» CONTROL? WORK*s CENTER* DISPLNG 
AGEs SCIFI» LIT* SPORTS* MYSTRY» HISTRY» ADVENT? 
102+ CARD2s BYTE» ACM» COmMPTMAus COEC» COMWORLD» CPRe DATAM> 

DOBBS» INTFACEs MATHTCHe mmo MININEWS» PCC» SCINEWS* SCIAMER? 
JOURNAL» READERS» SAVECOPY*COMPUTERs MINICOMPs MICCOMPs CHIPS» 
TERMINAL» TELE* GRATERM* COUPLER PERIPHs PROGCAL» HANOCALS LEASe 
SOFTWARE* COURSE® LNAIUS» BUYBUOK*s CONSULT» BUYOTH* COMMENT 

PRINT BACK YES 
INPUT MEOIUM CARD 
N OF GASES 600 
INPUT FORMAT = FIXED(FQ00%32FL 00s 200027F 1 00/t 4006 38F 100) 

MISSING VALUES ARTCLE TO ADVENT» BYTE To COMMENT(9) 
REAL INPUT DATA 

FREQUENCIES GENERAL = ARTCLE TO ADVENT» BYTE TU COMMENT 

From this the frequencies of occurrence of eachresponse 

to each question on the survey were tabulated. The way for 

you to get the best understanding of the result of that 

tabulation is probably for us to reprint the questions as they 

appeared in the survey with the percentage recorded from 

boxes checked. The following represents what isreadinan 

issue of Creative Computing. 
1. In an issue of Creative Computing, the percentage of 
readers who read: Some- 

Always Mostly times Never 

Feature Articles 43.8 46.4 9.6 O 

Book Reviews 21.5 SFO 44.2 3.4 

Fiction 34.3 25.5 Sipe 8.8 
Puzzles and Problems 35.8 Silez 28.5 4.4 
Simulations and 

Learning Programs SU 37.4 2220) P27] 

Game Programs 48.8 26.0 DA\ 8 $}.7/ 
Letters to the Editor 36:9 32.8 26.2 3.9 

Editorials 37.4 SS} ales 2.9 

Advertisements 35.8 BOM 24.2 0.8 
Compleat Computer 

Catalogue 40.2 28.9 27.9 8, 

Cartoons, Humor YRS} 18.0 8.1 8 

Notices 36.7 36.7 25,0 ea 
2.1 use the games 

or programs listed 4.8 20.8 DS}8) 20.6 
Using the ‘always’ percentage as a means of rankingthe 

material that was read shows cartoons and humor leading 
the list, with game programs, feature articles, the compleat 

computer catalogue, simulation and learning programs, 

editorials, advertisements and puzzles and problems 

following in order of preference. 
The wording of the questionnaire is vitally important tothe 

analysis that results. The reader was given a choice in 
frequency of reading between ‘always, ‘mostly’ and 
‘sometimes, guaranteeing that those who checked they 

‘always’ read a type of article actually did, and that those 

types of articles would be given preferential treatment on 

getting into the next issue. Humor and cartoons offer a 
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valuable perspective to examining computers in society, 

especially the computer in the home. This survey would 

dictate even more humor should get into this and other 

issues. |canalsopredict from this that Creative Computing’s 

new cartoon book, The Colossal Computer Cartoon Book, 

advertised in the catalog inthe center of this issue, willbea 

smash success. 

The fact that the advertisements are so highly read 

justified my belief that we all want to know as much as we 

can about what's available on the market, because so many 

of us want to get more equipment as soon as possible. 

A more realistic assessment of overall readership for type 

of material, is one developed by ading the percentages of 

‘always’ and ‘mostly’ read, and ranking the articles in that 

fashion. Using this cumulative percentage as thereadership 

criteria, the material would be ranked as follows. 

Ranking of material read in Percentage of high 
Creative Computing: readership: 

Cartoons, Humor 91% 

Feature Articles 90 
Editorials 76 

Simulations and Learning 

Programs 75 
Advertisements 75 
Game Programs 7S 
Notices 74 

Letters to the Editor 70 

Compleat Computer 

Catalogue 69 
Puzzles and Problems 67 

Fiction 60 

Book Reviews 5 

2.1 use the games or 

programs listed: 26 

Of equal weight in not only selecting but soliciting 
material for Creative Computing will be the response you 

gave to what you would be interested in reading, which is: 

SPSS- Statistical Package forthe 
Social Sciences 

For anyone whoneedsstatistical calculations SPSS 

is highly recommended. Included in the growinglist of 

analytic procedures it can perform are: 

Frequency Display Routines 

a. FREQUENCY 

b. CROSSTABS 

Non-parametric Statistcs 

a. Spearman/Kendall 

relation routine 

Analysis of Variance 

rank-order cor- 

a. Analysis of Variance 

b. Analysis of Covariance 

Cr Multivariate Analysis of Variance 

Product Moment Correlation Coefficients 

a. Correlation 

b. Partial Correlation 

ce Regression 

Miscellaneous 

T-Test 

Discriminant Analysis 
Guttman Sealing 
Transformations 

Qe Weighting 
Qaoom 

Information can be obtained from SPSS, Inc., Suite 

1234, 111 East Wacker Drive, Chicago, III. 60601. 
(312) 861-0933. 



| would be 

interested in more 

articles about: 

Very Not of 

Building a Computer 41.4 32:9-— 2216 2:9 
Microcomputers 49.0 376 11.0 2.2 

Computer use in Education 33 OMS 7-2 240050 

Music Pale) Pape Biayista Ss h7/ 
Art/Graphics SEZ SXSifs} ALO) SRT 

Medicine 20.2 35.4 360 8.4 
Space Exploration Sf3} S772 PAG. Be 
Business and Industry 34.5 424 186 43 
Home Control A962 33-Om 15 On 2-2 
Computer Graphics 5228 eS 412 Ome O 
Artificial Intelligence Uys 227i) eA As 

Learning Activities SWS) GOS) 7s} sk 
Fiction PLE) Say 8} PAG} “YSEL 
Social Implications Py Cb ZN\(0) Akiba yy 
Computer Club Activities LS'GeeSG6is S45 ao] 

2. | would like more technical 

articles: 38.5 39.0 19.1 P27) 
3. | would like more reprints 

_ from conference talks: UUe?/ SVs) Stsh7/ 10.9 

To find which material readers want to see in Creative 
Computing, high readership would be ranked by an 

accumulation of the percentages gotten for ‘very much’ and 

‘some.’ Readership interest is: 

Rank Interest in More High Readership 
Articles About: Percentage 

1 Microcomputers 87 
2 Computer Graphics 87 
3. Artificial Intelligence 86 
4 Home Control 83 
5 Learning Activities 79 
6 Technical Articles 78 
7 Business and Industry YH 

8 Art/Graphics 76 
9 Space Exploration 73 

10 Computer use in Education V1. 

11. Social Implications 62 
12 Fiction 58 
13. Computer Club Activities 57 

14 Medicine 56 
15 Music 5S 

16 Conference Reprints 50 

It is of great interest to us that topping thelistis the interest 

of our readers in microcomputers, computer graphics, and 

artificial intelligence. We have stated that the educational 
field andthe hobby field are converging in interests withthe 

advent of technology that makes the microcomputer 

affordable, widely accessible, and daily more versatile. 

Those of you who read John Lee’s account of the Dynabook 

and Richard Vuillequez’s account of the microcomputer’s 

impact into technical education, inthe May/June issue, can 

have little doubt that a future expansion of computers into all 
facets of education will come about with the microcom- 
puter, as it never could, despite its promise, in the past. 

Therefore there is no surprise that those people who wantto 

about ‘‘microcomputers’’ want to read about “artificial 

intelligence,’’ usually associated with researchers and 
access to large computers and computer graphics. 

As the power of affordable microcomputers increases, is It 
any wonder that hobbyists want to learn about artificial 

intelligence? 
| talk about educators and hobbyists, but who are our 

readers? Since a percentage of you had more than one job! 

Waste 

Much Some Much Space 
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had to use the SPSS RECODE function and allow everyone 

only one job classification. With that done, you described 

yourself on the survey as: 

Job Function Percentage 

Faculty: College or University lisse 
Faculty: Grades K-12 7.4 

Student: College orUniversity 14.1 

Student: Grades K-12 11.8 
Industry: 3055 
Government: 6.1 

Other 8.9 

The great growth in Creative Computing’s readership has 
come from people in industry who are users of small 

computers at work, obviously interested in developing more 

ways to utilize that computer and having programs torunon 

it. Of the people who classified themselves as in industry, 

94% have a computer at work and 36% have computers at 
home. These are people of dual interests: wanting more 
information both for their business systems, and for their 
new home computers. 

These statistics were quickly obtained by using the 

CROSSTABS feature of SPSS. It tabulated the results of 
running JOB BY CATWK, CATHM, or the job function by 
whether the user has a computer at work andby whether he 

has a computer at home. 

The frequency percentage for where a computer was 
utilized is: 

| utilize a computer at Percentage 
(check all that apply): 

Work 69 

School 47 
Home D7 

Other 6 

Percentages for use of equipment, application, and 

school use are as follows: 

At home | have (check Percentage 

all that apply): 

Microcomputer 18 
Minicomputer 4 

CRT Terminal 12 
Hard Copy Terminal 14 

Floppy Disk : 5 

Digital Cassette Tape lk 

Video Display 8 

Other 12 
| Utilize my home 

computer for: 
Recreation WT) 

CAI 3 
Research 14 

Record Keeping 11 

Home Control 4 

Work Related 16 

(If an education) | use a computer: 
In a Computer Center 35 

In My Discipline Which Is 

The disciplines that were listed were coded and the the 
percentages of utilization by the disciplines are: 



Discipline Percentage Utilized 

. English 

Math 

. Physics 

. Computer Science 

. Psychology 

. Education 

. Electronics 

. Other ONMAORWNH NSN -aONON 

The age of you readers is interesting. The great majority 
are between the ages of 21 and 35. The statistics show: 

Age Percent 

Under 20 19.3 

21-35 58.5 

36-50 16.8 

50 or over 6}.63 

What brought a great sigh of joy to yours truly, poring over 

the statistics in the middle of one dark, freezing night, after 

yet another long day, was to see that over 95% of you keep 

your issues of Creative, that many of you went so far as to 

circle the words treasure /t on your forms. Sleepiness faded. 
The statistics read: 

| save my copy: Percentage 

a week or two 5 

a month or two 3.4 
keep it (file it, save it, treasure it) 95.8 

We had been telling stores that stock the magazine that 

they didn’t have to worry about returns, none ofthe material 

in Creative Computing is dated, and from everything we'd 
heard you readers kept your issues for future reference, use, 
etc. But over 95% of you readers keeping your copies is 

somewhat better than even | had envisioned, and a great 
morale booster. Thanks. 

Also, more than 60% of the copies are read by more than 

one person, with over 1 7% read by four or more, which more 

than doubles the readership of our circulation. The statistics 

are: 

How many people read Percentage 
this copy of Creative? 

One 39:1 
Two 27.9 
Three 15.4 

more? Ueas) 

A lot of information about your interests can be 

ascertained by other literature you read so two questions 

asked you to check books and magazines you read, to which 

you responded: 

| THINK ILL GIVE 
ITATRY JUST 
TO BE SURE. 

THIS SAYS THAT 
BENZAZIDE EXPLODES 
WHEN ITS HEATED. 

——] 
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Books | read are (check Percentage 
all that apply): 

Science Fiction 70 

Modern Literature 48 

Sports 14 

Mystery 32 
History 35 

Adventure 34 

Other magazines | read are 

(Check all that apply): 

Byte 44 

Communications of the ACM AAS} 

Computer 3 

Computer Decisions 34 
Computerworld 40 

Curriculum Product Review 2 

Datamation 49 

Dr. Dobb’s Journal 12 

Interface 24 

The Mathematics Teacher 9 

Mini Micro Systems 21 

Minicomputer News Hie, 
People’s Computer Company 22 

Science News 19 

Scientific American 57 

THE Journal 8 

The highest percentage of you read science fiction over 

anything else listed, yet science fiction did not appear as a 

high priority of what you want to see more of in Creative 
Computing. Here iswheresome interpretation is necessary. 

| first ran a crosstabulation of fiction read in Creative 

Computing by want to read fictionin Creative Computing. Of 
those that like science-fiction books, 43% always read it in 

Creative Computing, 27% mostly read it, 26% sometimes 

read it and only 4% never read it. Of those that always read 

the fiction in Creative Computing only 53% wanttosee more 

of it very much, and of those that read it mostly only 18% 
want to see more of itvery much. Yetover 70% of youreaders 

are science fiction fans. | interpret. You are so anxious for 

more information in this rapidly growing field that although 

you like the stories and read them you are hesitant to have 

them take up space of ‘factual’ material. 
Yet although there are many good sources for science 

fiction, there is not enough that focus on the role the 

computer will have in shaping society and the interpersonal 

dynamics of people. It is good stuff to keep in mind as this 
technology advances on our life styles. It’s its own kind of 

information. So, | think you want computer stories, but you 
don’t want less information. 

The only magazine that shares more than 50% of your 
readership is Sc/entific American, a magazine whose range 

of articles appeals to many. SPSS crosstabulations show 

that of those who are in industry, a field growing into the 
microcomputer age with dual work and personal interests, 

YOU DONT SEE 
MANY OLD 

EMPIRICISTS 
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only about 50% who read Creative Computing read any of 

the other magazines that are geared to the industrial 
computer user, Computer Decisions, Computerworld, 

Datamation, Mini Micro Systems, Minicomputer News. \t 

should be of interest to an advertiser who wanted to sell to 
this active market of readers that by putting his adanywhere 

else he would miss half of those /n jndustry he reaches in 

Creative Computing, and many more in all the other 
disciplines. 

It was most interesting to compare what job distinction 

signified about what equipment you buy or recommend for 
purchase. Although there were some job categories that 

listed a higher rate of selection of some items, because ofa 
space restriction, I'll list the percentages of those in college 

faculty and those in industry that will buy the following 
items: 

l recommend, specify, Percentage of Percentage of 
select or purchase: Faculty: Industry* 
(check all that apply) 

Medium/large computer 25 DY 

Minicomputer 59 41 

Microcomputer 46 37 

MPU chips 20 18 

CRT Terminal 65 on 

Teleprinter 41 28 

Graphics Terminal 43 AS 
Coupler/Data set 37 28 

Peripherals 57 46 

Programmable calculators 34 SZ 
Hand calculators 38 28 
Computer leasing service 20 11 

Software 72 61 
Courseware 37, 10 
Learning Aids 46 13 
Books/Publications 74 48 

Consultants 24 16 

Creative Computing’s readers have great power to buy or 
select an impressive array of computer equipment, a fact 

that is not surprising in the least, considering the mail that 

comes in, asking for advice and impartial reviews of 

equipment, but certainly indicates more equipment profile 

reviews are in order, and explains why the advertisements 

are so well read. 

The survey can teach us that the computer hobbyist is not 

easily classified. Although 51% of the people who had 
microcomputers at home described their job function as 

industry, 11% were college faculty, 2% were high-school 
faculty, 5% were government workers, 11% were college 
students, 9% were high-school students, and 7% were in 

other fields. 
As an example of the kind of specific information it is 

helpful to have and possible to get easily using SPSS, |asked 
for a crosstabulation of Job by Age by Micros, or job 

description, by age, by did you want to read more about 

microcomputers. For those people who wanted ‘‘very 

much" toread about microcomputers, the largest group was 

those in industry between the ages of 21-30. This was 29% 
of everybody who was divided into 48 groups. Of those who 

wanted ‘‘some” to read about microcomputers, the same 

group of people in industry between the ages of 21-30 had 
the lion’s share, 31%. This group also comprised 19% of 

those who said that their interest was ‘not much” and 23% 
who said that such articles were ‘a wast of space.”’ 

This is a brief look at what can be gleaned from just who 

you are by the clues you left in those 41 boxes. Since |’ve 

discovered more questions I'd like to ask, nexttime youseea 

survey, fill it in. For those of you who kindly took the time, 

here it allis. Good likeness, eh? 

Quiz Answers From Page 161 

1. a. The Babylonians during Hammurabi’s dynasty 
(1800-1600 B.C.) developed such algorithms for ex- 

cavations, linear equations, and geometric problems. 

2. c. Astronomical calculations were carried out to nine 

digits of precision before 1900. 

3. c. Charles Babbage allowed the cost of his 
difference engine to escalate from £1,500 to£17,000 after 
eight years of government support. 

4. a. 
5. a. The Burroughs Adding Machine Co. came into 
being in 1905. 

6. b. Use of punched cards cut the time required for the 
1890 census to one-third that to the previous one. 

7. a. Quevedo’s machine was an early effort in the 
cybernetics field (even before cybernetics had a name). 

8. a. Ephemeris data on Jupiter, Uranus, Saturn, and 
Pluto from 1652 to 2060 was generated. 

9. b. Turing proved that a fixed, definite process on an 
automatic machine cannot solve every mathematical 
problem. 

10. b. The Richardson Number relates gradients of 
temperature and wind velocity. 

11. c. Karl Zuse, developer of Plankalkul, also designed 
and fabricated a family of computers in the 1940s, called 
Z1 through 24. 

12. 6. Bush served as R&D Director during much of 
WWII. 

13. d. Wiener was interested in all aspects of com- 
munications and control in living organisms and 
machines. 

14. a. The Mark |, an electro-mechanical computer, 

was built for the U.S. Navy Board of Ordnance by Howard 

Aiken and his combined IBM and Harvard team. 

15. b. ENIAC was produced for the U.S. Army Ord- 
nance Proving Ground for ballistic calculations. 

16. a. ENIAC begat BINAC and BINAC begat UNIVAC 

iy 

We, Cl. 

18. c. The judge concluded that Eckert and Mauchly 

derived some of their ideas from Atanasoff, partly as a 
result of Mauchly’s visit to lowa State in 1941. 

19: =a See 18: 

20. c. 20,000 vacuum tubes use a lot of watts! 

21. d. Forrester also participated in constructing the 

general-purpose Whirlwind | computer. 

22. d. Wilkes directed the mathematics laboratory at 

Cambridge and was the first president of the British 

Computer Society. 

23. a. Mercury tanks formed the ultrasonic memories 

of the EDSAC machine. 

24. c. Dr. Hopper was working for the Eckert-Mauchly 
Computer Corporation at the time. 

25: 0. 

20a: 

Up. tXol, JOY 

28. c. Thomas Watson Sr. dreamed up the slogan while 

working as an NCR salesman. 

Bho GC 

SO, (op 
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COMP SCI 

SERENADE 

(Sung to the tune of 

“My Bonny Lies Over the Ocean”) 

My program lies under the backlog 
My card deck’s all over the floor 
The plotter is using a crayon 
And I just can’t take any more 

CHORUS: 
Bring out, bring out 
Oh bring out my printout today, today 
Bring out, bring out 
The one you ripped off yesterday 

The card reader chewed up my job card 
And someone erased all my files 
The system has been down for hours 
While people collapse in the aisles 

CHORUS: 
Flunk out, flunk out 
I worked like a dog each and every day 
Flunk out, flunk out 
Twelve projects were due yesterday 

Security holes I’ve discovered 
The records of grades are now mine 
What once was a one-point-five average 

Will soon be a three-point-nine-nine 

CHORUS: 
Send out, send out 
Oh send out the grades to big companies 
Send out, send out 
They'll all want a scholar like me! 

— Terry Bollinger & 
The Watt Five 

(Computer Science Dept. 
Univ. of Missouri—Rolla) 

In 1967, | picked up a free copy of the 
PDP-8 manual and have been hooked 
on computers ever since. » 

Having studied civil engineering, 
enology, and accounting, | went on to 
become acomputer systems analyst, a 
mail-order entrepreneur on home 
knitting, a weekend manager of a 
computer store, and when times get 

rough—a janitor. 
Recently | ieft my programming job 

with the state government to do 
“something useful for achange.” Now | 
am working on all the projects | 
dreamed up in the last three years but 
never had the time to do. Besides keep- 
ing up the S-100 Computer Kit Re- 
ference List (next issue Jan. 78), | am 
starting another reference list. This one 
will catalog all software available on 
cassettes for Sol-20, PET, Radio 
Shack, and Apple l!. People have asked 
my why | compile these lists and all | 
can tell them is, “It needs to be done 
and no one else has done it.” 

Since lam one of the nation’s leading 
experts On programming designs for 
home knitting looms, one of the pro- 
jects |am now working on is designing 
knits with hobby computers. In 
cooperation with a _ nationwide 
knitting-loom magazine, | am creating 
garment patterns on my computer and 

having them tested by knitters all 
across the country. My computer is an 
Altair. 8800A, with 8K Seals, Morrow 
Intelligent Cassette, PolyMorphics 
video with keyboard, Southwest 
Technical printer, and most important- 
ly, Li-Chen Wang’s Palo Alto Tiny 
BASIC. Once the programs work they 
will be converted to the Sol-20, PET, 
and Radio Shack. Knitters will be able 
to create garment patterns from their 

Own measurements and from the 
weight of their own yarn. (Can’t you 
just see Granny ina rocking chair next 
to the fireplace, knitting patterns dis- 
played on her computer?) 

At the same time | am writing 
programs to emulate the computer-on- 
cardboard games (such as Code 
Name: Sector from Parker Brothers, 
and Electronic Battleship from Milton 
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The compiler of the S-100 

Computer Kit 

Reference List explains.... 

Robert Elliott Purser 

Bradley). Maybe with a little prodding, 
these game giants will realize that a $5 
cassette is cheaper than a $30 game, as 
well as more fun. 

Then my final project, if no one else 
has done it, is to develop a computer 
program by which people set type on 
their own home computers. A person 
could key in typesetting instructions 
on a Sol-20 (it has upper and lower 
case), send the cassette to a photo- 
typesetting plant, and receive back by 
mail the text, ready for paste-up. 

Right now, for my S-100 Reference 
List | use a Xerox 800 word-processing 
unit with a Qume proportional spacing 
print wheel. By using a_word- 
processing unit | am able to cut cost 
and time to one-tenth that of typeset- 
ting. If | were able to typeset on my own 
computer, the cost would drop even 
further. 

! am looking for sponsors for my 
projects. When my _ savings are 
depleted, | will be looking for employ- 
ment. | want to be involved in the more 
interesting areas of computing, such as 
developing application programs for 
home computers or ADAM. (ADAM is 
the large micro computer system from 
Logical Machine Corp. The ADAM 
language is to COBOL as BASIC is to 
Fortran.) 

Or perhaps | will start a mass-market 
software company. If PET or Radio 
Shack computers reach their expected 
sales of 10,000 units a month, a mass- 
marketing software company cansella 

lot of $5 cassettes, since every com- 
puter owner will probably buy at least 
three program cassettes for his com- 
puter. At the same time, substantial 
royalties will be paid to freelance 
programmers. The possibilities are 
ENDLESS! 



READ/WRITE MEMORY BOARD 

ome Advanced Microcomputer Products Logos 8K RAM 219.95 
Advanced Microcomputer Products 801C 8K RAM 207.95 
Advanced Microcomputer Products 32K RAM 1,150.00 
Artec 32K Memory Board (8K, 250 nS) 290.00 
Artec 32K Memory Board (32K, 250 nS) 1,055.00 
Associated Electronics 16K Pseudo-Static 349.95 
Base-2 8KS-A 98.00 
Base-2 8KS-B (450 nS) 123.00 
Base-2 8KS-Z 143.00 

B Cc e bl BISI CCD Board (64K) 190.00 
us ompat 1 e Crestline Micro Systems (8K, low power, assembled) 179.00 

Cromemco 4KZ (4K 4MHz) (Bank selectable) 195.00 
Cromemco I6KZ (16K 250 nS access and cycle) 495.00 
Cybercom MB6A Blue Board (8K static) 250.00 
Cybercom MB7 (16K low power static) 525.00 
Data Sync 16K (assembled) 298.00 
Duston 8K Memory Board (bare) 29.00 
Dutronics 4KLST (4K low power static) 139.00 

O m u e . Dutronics 8KLST (8K low power static) 285.00 
E.E. & P.S. 8K (8K static) 295.00 
E.E. & P.S. 16K (16K dynamic) 599.00 

e E.E. & P.S. 32K (32K dynamic) 895.00 
Electronic Control Technology 8KM (8K 215 nS) 295.00 

1 Ss Electronic Control Technology 16K RAM (I6K static) 555.00 
Electronic Control Technology 16K RAM (with only 4K) 169.00 
Electronic Control Technology 16K RAM (with only 8K) 295.00 
Electronic Control Technology 16K RAM (with only 12K) 425.00 

The S-100 Bus lists computer kits which plug directly sealed Arg ha | fees 
into the S-100 bus. Only kit prices are listed unless Extensys RM64-64 (64i<) 1495.00 
the board is only available assembled. All products aah Electric 8K Static RAM "325.00 
and prices are based on manufacturers' and dealers' Godbout Econoram (4G static) 99.95 
advertisements, catalogs, etc. I try to be accurate Godbout Econoram Il (6i<) 163.84 
but I sometimes make mistakes. Please let me know if IMSAI RAM GA-4 (4K without sockets) 139.00 

pace IMSAI RAM 4A-4 (4K with sockets) 159.00 
Manufacturers: Please send me your catalogs. oe sac eae ety, will I know about your S-100 products? IMSAI 16K (dynamic) 449.00 

This reference list is free and may be reproduced, rioaae ce ce oe 

Micromation JUMP START (4K static) 145.00 
Midwest Scientific Instruments PROM/RAM Board 95.00 
Mikra-D MD-2046-4 (4K static) 205.00 
Mikra-D MD-2046-8 (8K static) 345.00 
Mikra-D MD-2046-12 (12K static) 485.00 
Mikra-D MD-2046-16 (16K static) 625.00 
MiniMicroMart C-80-4K-100 (4K blank board) 39.95 

COMPUTER SYSTEMS MiniMicroMart C-80-4K-200 (4K blank board plus) 49.95 
MiniMicroMart C-80-4K-300S (4K 2102) 79.95 

Byte Shop Byt-8 MiniMicroMart C-80-4K-300LP (4K 91L02A) 99.95 
Computer Power & Light COMPAL-80 (assembled) MiniMicroMart Beet es ice Coo ee 
Cromemco Z-| (assembled) MiniMicroMart C 6K- KEM ; 
Cromemco Z-2K MITS 88-4MCS (4K static) 167.00 
Electronic Control Technology Sone ae eae ri shes tees 

ectronic Control Technol - lynamic . 
pie 100 rad Morrow Intelligent Cassette (512 static) 96.00 

Forethought Products KIMSI, connector ond ar (6502) Roman) con PROROM (256) peer 
IMSAI 8080 Computer (chassis, power, & CPU mni static i 
IMSAI PKG-| : a Omni with paging option (16K static) 468.00 
IMSAI PKG-2 Prime Radix 40K (dynamic) 1,490.00 
MITS Altair 8800B Prime Radix 48K (dynamic) 1,580.00 
Morrow's Micro Stuff Sigma 100 Prime Radix 56K (dynamic) 1,670.00 
PolyMorphic Systems POLY-88 System 0 Prime Radix 64K (dynamic) 1,750.00 
PolyMorphic Systems POLY-88 System 2 Processor Technology 4KRA (4K static with sockets) 154.00 
PolyMorphic Systems POL Y-88 System 6 Processor Technology 8KRA (8K static with sockets) 295.00 
PolyMorphic Disk System (1 disk) Processor Technology I6KRA (16K static assembled) 529.00 
Processor Technology SOL-PC Single Board PolyMorphic Systems MEM-8K (8K static) 300.00 
Processor Technology SOL-10 Terminal Computer R.H.S. Marketing DYNABYTE I6K (dynamic, assembled) 485.00 
Processor Technology poten aS ey Computer 8 ples rae Ree aaee 

echnol stem . D. Sales Company static x 
Sues Aad Syston I Seals Electronics 8KSC-8 (8K static) 269.00 
Processor Technology System III Seals Electronics 8KSC-Z (8K 250 nS) 295.00 
Quay Al Z-80 CPU, SIO, PIO, ROM, Programmer Board Seals Electronics 8KSCLM (less memory chips) 124.00 
Technical Design Labs XITAN Alpha | Seals Electronics |6KSC-16 (I6K static) 579.00 
Technical Design Labs XITAN Alpha 2 Solid State Music MB-4 (4K 91L02A) 129.95 

Vector Graphics Vector | Solid State Music MB-4 (8K 91L02A) 209.00 
Vector Graphics Vector ! sate ERCHAN Set ante Nae ce pore oa ee 

tor Graphics Vector | without olid State Music rd only au 
yore Grauhics Vector | without CPU, PROM/RAM Solid State Music MB-6 (8K 9ILO2APC static) 265.00 
Western Data Systems DATA HANDLER (uses MOS 6502) Solid State Music MB-7 (16K static) 525.00 
Western Data Systems DATA HANDLER (barebones) Teo Bees aes ae es Ze re ee 

Technical Design Labs Z| 2K (12K 215 nS) 435.00 
Technical Design Labs ZI6K (16K 215 nS) 574.00 
Technical Design Labs Z Monitor Board with 2K RAM 295.00 

SECOND OR REPLACEMENT CPU BOARD Vandenberg 16K RAM (dynamic) 299.00 
Vector Graphics 8K RAM 265.00 

Affordable Computer Products AZPU (uses 2-80) Vector Graphic Reset and Go PROM/RAM 89.00 
ee oe Systems AM-100 (16 bit) Xybek PRAMMER (256 bytes & 1702 PROMs) 189.00 

Cromemco ZPU (uses Z-80/4 microprocessor) 
IMSAI MPU-A (requires additional boards) 
MRS AM6800 CK (uses 6800 MPU) PROM PROGRAMMER BOARD 
MRS AM6800 (without the 6800 MPU chip) 
MRS AM6800 PC Board Cromemco BYTESAVER for 2704 & 2708 145.00 
R.H.S. Marketing Piggy-Back Z80-80 (assembled) Mountain Hardware PROROM (AMI 6834) 164.00 
SD Sales Z-80 CPU Quay Al Z-80 with 2708 Programmer 450.00 
Technical Design Labs Z-80 (uses Z-80) Szerlip Enterprises The Prom Setter (1702A and 2708) 165.00 

Xebek PRAMMER for 1702 (with 1702 & RAM) 209.00 

PLUG IN SOF TWARE BOARD 

Computer Kits Power-Start 165.00 
Cromemco Z80 Monitor Board with PROM Programmer 220.00 
Godbout 8080 Software Board 189.95 
Microdesign MR8 with MM2K 224.45 
Micronics Better Bug Trap (assembled) 180.00 
Midwest Scientific Instruments PROM/RAM Monitor 245.00 
Mountain Hardware PROROM 164.00 
National Multiplex Corp No. 2 SIO with monitor 140.00 
Processor Technology ALS-8 (assembled) 425.00 
Processor Technology ALS-8 with SIM-| 520.00 
Processor Technology ALS-8 with TXT-| 520.00 
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Technical Design Labs Z System Monitor Board 
se Graphics Reset and Go (2 |702A) 

Vector Graphics Reset and Go (3 1702A) 

295.00 
129.00 
159.00 



VIDEO INTERFACE BOARD - BLACK & WHITE 

Computer Kits INTELLITERM (characters) 
Computer Graphics GDT-1 (graphics and light pen) 
Environmental Interface || (monitor) 
Environmental Interface III (oscilloscope) 
Kent-Moore alpha (assembled) 
Kent-Moore graphic (assembled) 
Micro GRAPHICS "THE DEALER" (graphics and characters) 
MiniMicroMart C80-VBA 
MiniTerm Associates MERLIN (without memory) 
MiniTerm Associates MERLIN (with memory) 
MiniTerm Associates MERLIN Super Dense Graphics 
Polymorphics VTI/64 (graphics and characters) 
Processor Technology VDM-|! (characters) 
Solid State Music 64x16 (graphics and characters) 

VIDEO INTERFACE BOARD - COLOR 

Cromemeco TV DAZZLER (graphics) 

TV CAMERA INTERFACE BOARD 

Cromemco 88-CCC-K 
Cromemco 88-CCC-K with Camera Kit 88-ACC-K 
Environmental Interface | 
Environmental Interface with camera 

HARDWARE MULTIPLY/DIVIDE BOARD 

GNAT 8006 Module (5 u-sec. process time) 
GNAT 8006 Module (2.5 u-sec. process time) 
North Star Computers (floating point) 

CALCULATOR INTERFACE BOARD 

COMPU/TIME CT 100 
COMPU/TIME C 101 
MiniMicroMart C80-SCI-300 

SPEECH SYNTHESIZER BOARD 

Ai Cybernetic Systems Model 1000 
Computalker Speech Synthesizer CT-! 
Logistics Synthesizer (multipurpose) 

SPEECH RECOGNITION BOARD 

Heuristic Speechlab 
Phonics SR/8 (assembled) 

JOYSTICK INTERFACE KITS 

Cromemco Joystick Kit & D+7AI/O 
Cromemco Dual Joystick Kits & D+7Al/O 

INTERUPT BOARD 

Cromemco TU-ART 
El Paso Computer Group (board only) 
IMSAI PIC-8 (with internal clock) 
MITS 88-VI/RTC 

REAL-TIME CLOCK 

Comptek CL2400 
COMPU/TIME CT |00 
COMPU/TIME T 102 
International Data Systems SMP-88 
Lincoln Semiconductor Clock and Display Driver 

AC POWER CONTROL 

Comptek PC3216 Control Logic Interface 
Comptek PC3216 & PC3202 Power Control Unit 
Comptek PC3216 & 16 PC3202 16 Channel System 
Comptek PC3232 Control Logic Interface 
E.E. & P.S. 115V 1/0 
Mullen Relay/Opto Isolator Control Board 

BATTERY BACK-UP BOARD 

Seals Electronics BBUC: (12 amper hours) 
EAESEP:S: 

MUSIC SYNTHESIZER BOARD 

ALF Quad Cromatic Pitch Generator (1 channel) 
ALF Quad Cromatic Pitch Generator (2 channels) 
ALF Quad Cromatic Pitch Generators (3 channels) 
ALF Quad Cromatic Pitch Generator (4 channels) 
Cybercom SBI Synthesizer Kit 
Galaxy Systems MG-1 
Logistics Synthesizer (multipurpose) 

SRS Polyphonic Synthesizer SRS-320 (assembled) 
SRS Polyphonic Synthesizer SRS-321 for the SRS-320 

PRINTER INTERF ACE BOARD 

Peripheral Vision PRT-KC Printer Kit 

FREQUENCY COUNTER BOARD 

International Data Systems 88-UFC 

IBM SELECTRIC INTERFACE BOARD 

Micromation TYPEAWAY 

395.00 
185.00 
245.00 
495.00 
107.00 
137.00 
249.00 
149.95 
269.00 
303.95 
308.00 
210.00 
199.00 
179.95 

215.00 

195.00 
390.00 
295.00 
595.00 

495.00 

149.00 

225.00 
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PROTOTYPE BOARD 

Advanced Microcompu: er Products Universal Proto 

Artec GP-100 
Cromemco WWB-2K 
Electronic Control Technology PB-! 
E.E. & P.S. Wire Wrap 
E&L Instruments Breadboarding/Interfacing Station 
Electronic Control Technology PB-| 
Galaxy Systems PB-| 
Homestead Technology HTC-88P (QT sockets) 
Homestead Technology HTC-88PF (foil pattern) 
IMSAI GP-88 
IMSAI BBC-5 & P106-6 Inteilegent Breadboard System 
IMSAI BBC-3 & P106-3 Intellegent Breadboard System 
MiniMicroMart C-80-WW (wire wrap type) 
MiniMicroMart C-80-DIP (for point to point) 
MiniMicroMart C-80-BUS-WW (wire wrap) 
MiniMicroMart C-80-BUS-WW-125 (with components) 
MiniMicroMart C-80-DIP-BUS (for point to point) 
MiniMicroMart C-80-DIP-BUS- 125 (with components) 
MITS 88-PPCB 
MITS 88-WWB 
PolyMorphics Poly 1/O 
Processor Technology WWB 
Sargent's Dist. Co. 
Seals Electronics WWC 
Tarbell Electronics 
Vector 8800V 
Vector 8800-A 
Vector 8800-B 

EXTENDED BOARD 

Advanced Microcomputer Products Extender 
Artec EXT-100 
Cromemco EXC-2 
E.E. & P.S. Extender W/C 
Galaxy Systems EX-1 
IMSAI EXT 
MiniMicroMart C-80-EXC 
Mullen (with logic probe) 
Processor Technology EXB 
Seals Electronics EXT 
Solid State Music (less connectors) 
Solid State Music (w/w connector) 
Suntronics EXT-| 
Vector 3690-12 (assembled) 

ADAPTER BOARD 

MiniMicroMart C80-BA (for MOD 8/C-MOD 80 boards) 
Forethought Products KIMSI (for KIM) 

CARD CAGE AND/OR MOTHERBOARD 

Advanced Microcomputer Products 8 slot MB w/connectors 
Byte, Inc. Byt-8 
Computer Data Systems Versatile CRT (assembled) 
Electronic Control Technology ECT-100 
Electronic Control Technology MB-20 
Godbout Motherboard (10 slot) 
Godbout Motherboard (18 slot) 
Integrand Research Corp. 800 
Integrand Research Corp. 800A 
MiniMicro Mart Expander (4 slots) 
MiniMicroMart Expander (9 slots) 
Morrow MotherBoard 
Objective Design Crate Book (plans only) 
PolyMorphic P88 Chassis 
TE! Model MCS-112 
T&H Engineering Low Cost Buss 
Vector 18 Slot Motherboard 

TERMINATION BOARD 

Godbout 25.00 



PROM BOARD 

Crea Comp M 100/16 (16K, 2116) 
Crea Comp M 100/16 (with parity) 
Crea Comp M 100/32 (32K, 2116) 
Crea Comp M 100/32 (with parity) 
Cromemco BY TESAVER (8K) 
Cromemco |6KPR-K (16K, Bank selectable) 
DigiComm Byteuser (uses 2708) 
Digiteck PROM CARD (2K assembled without PROMS) 
Electronic Control Technology 2K ROM/2K RAM 
Godbout Econorom (2K) 
Godbout Econorom (4K) e 
Godbout Econorom (8K) 
IBEX 16K PROM Board 
IMSAI PROM 4-4 (4K PROM) 
IMSAI PROM 4-512 (1/2K PROM) 
Microdesign MR8 (for 2708) 
Midwest Scientific Instruments PROM/RAM Board 
MiniMicroMart C80-1702-1 (all except PROMS) 
MiniMicroMart C80-2708-2 (all except PROMS) 
MiniMicroMart C80-256 (boot strap board, fuse link) 
MITS PMC (2K ) 
Processor Technology 2KRO 
Seals Electronics 4KROM 
Solid State Music MB-3 2K (8 1702As) 
Solid State Music MB-3 4K (16 1702As) 
Solid State Music MB-3 (without PROMs) 
Solid State Music MB-8 (2708) 
Vector Graphic Reset and Go PROM/RAM 
Xybek PRAMMER for 1702 (with a 1702 & RAM) 

MEMORY CONTROL BOARD 

~IMSAI IMM ROM Control Kit 
IMSAI IMM EROM Control Kit 

PARALLEL INTERFACE BOARD 

Advanced Microcomputer Products (3P+S compatible) 
Cromemco D+7AIO (one port with seven analog ports) 
Cromemco TU-ART (2 ports) 
IMSAI PIO 4-1 (one port without cables) 
IMSAI PIO 4-1 & PIOM (two ports without cables) 
IMSAI PIO 4-1 & PIOM (three ports without cables) 
IMSAI PIO 4-4 (four ports without cables) 
IMSAI PIO 6-3 (three ports and bus without cables) 
IMSAI PIO 6-6 (six ports and bus without cables) 
IMSAI MOI (two ports & serial & tape interface) 
MicroLogic M712 (one port) 
MiniMicroMart C80-P 1/O (two ports) 
MiniMicroMart C80-P 1/O with cables C80-P 1/0-540 
MITS 88-4PI0 (one port) 
MITS 88-4P10+PP (two ports) 
MITS 88-4P10+2PP (three ports) 
MITS 88-4P10+3PP (four ports) 
Morrow Intellegent Cassette with one port 
PolyMorphic VTI/32 (one input port with video) 
PolyMorphic VT1/64 (one input port with video) 
Processor Technology 3P+S (with sockets) 
Solid State Music 1/O-1 (one port) 
Solid State Music !/O-| (PC board only) 
Solid State Music |/O-2 (two ports) 
Solid State Music I/O-2 (PC board only) 
Technical Design Labs Z Monitor Board (one port) 
WIZARD PSIOB (3P+S compatible) 

SERIAL INTERFACE BOARD 

Advanced Microcomputer Products (3P+S compatible) 
Cromemco TU-ART (2 ports) 
IMSAI SIO 2-1 (one port, without cables) 
IMSAI SIO 2-2 (two ports, without cables) 
IMSAI S10 (serial, parallel, & tape interface) 
Morrow !ntellegent Cassette with one port 
MiniMicroMart C80-SI/O-300 (TTL) 
MITS 88-2SIO (one.port) 
MITS 88-2S10+SP (two ports) 
MITS 88 SIOB 
National Multiplex Corp No. 2 SIO with ROM 
Processor Technology 3P+S (with sockets) 
Solid State Music |/O-2 (two ports) 
Solid State Music I/O-2 (PC board only) 
Technical Design Labs Z Monitor Board (two ports) 
WIZARD PSIOB (3P+S compatible) 

ANALOG INTERFACE BOARD 

Cromemco D+7AIO (7 analog inputs & 7 outputs) 
Micro Data ADC/DAC 
MITS 88-ADC (assembled only) 
MITS 88-Mux (assembled only) 
MITS AD/DA (assembled) 
PolyMorphic Systems ADA/I (1 analog output) 
PolyMorphic Systems ADA/2 (2 analog outputs) 

MODEM BOARD 

International Data Systems 88- MODEM 
Hayes 80-103A (assembled) 
Hayes 80-103A (board only) 

485.00 
560.00 
885.00 
990.00 
145.00 
145.00 
65.00 
56.95 
120.00 
135.00 
179.95 
269.95 
85.00 

399.00 
165.00 
99.50 
95.00 
49.95 
49.95 
34.95 
85.00 
65.00 
119.00 
105.00 
145.00 
65.00 
85.00 
89.00 
189.00 

299.00 
499.00 

125.00 
145.00 
195.00 
93.00 
115.00 
137.00 
156.00 
139.00 
169.00 
195.00 
69.95 
49.95 
57.45 

105.00 
148.00 
191.00 
234.00 
102.00 
185.00 
210.00 
149.00 
42.00 
25.00 
47.50 
25.00 

295.00 
125.00 
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AUDIO CASSETTE INTERFACE BOARD 

Affordable Computer Products Triple Standard 
DAJEN Cassette Interface 
DAJEN Universal Cassette Interface (Relay Control) 
IMSAI MIO (tape interface, parallel, & serial) 
MiniTerm Associates MERLIN with cassette interface 
MITS 88-ACR 
National Multiplex Corp No. 2 SIO with ROM 
Morrow Intelligent Cassette Interface 
Morrow Intelligent Cassette Interface (3 drives) 
PerCom Data CI-812 
Processor Technology CUTS 
RO-CHE with Tarbell (two ports) 
RO-CHE with Tarbell (four ports) 
Tarbell 

TAPE DRIVE INTERFACE BOARDS 

MECA ALPHA-I System 
Micro Design Model 100 (assembled) 
Micro Design Model 200 (assembled) 
MicroLogic M712 DG PhiDeck 
National M.C. 2 SIO (R) | ROM 
National M.C. 2 SIO (R) 2ROM 
National M.C. 2 SIO (R) with 3M3 (3M drive) 
National M.C. 2 SIO (R) with 3M3 (mini 3M drive) 

FLOPPY DISK INTERF ACE BOARD 

Alpha Micro Systems AM-200 Controller 
Alpha Micro Systems AM-201! Controller 
CHP Floppy Disk Controller 
Computer Hobbyist Products Controller 
Computer Hobbyist Products (single drive) 
DigiComm 8040 Floppy Disk Controller 
Digital Systems IBM compatible 
Digital Systems dual IBM compatible 
iCOM Microfloppy Model FD2411| (assembled) 
IMSAI FIF 
IMSAI FDOC2-1 & FIF 
IMSAI FDC2-2 & FIF 
INFO 2000 Adapter (without RAM) 
INFO 2000 Adapter (with 4K RAM) 
INFO 2000 Adapter + Per Sci 1070 Controller 
Micromation Universal Disc Controller 
Micromation MACRO DISC System, Model 164K 
Micromation MACRO DISC System, Model 256K 
Micropolis 1053 Mod II (630K) 
Micropolis 1043 Mod Ii (315K) 
Micropolis 1053 Mod | (286K) 
Micropolis 1043 Mod | (143K) 
MITS 88-DCDD (controller & disk) 
MITS 88-DISK 
North Star Computers MICRO-DISK 
PerCom Data Co. 
Peripheral Vision interface and floppy 
Peripheral Vision IFF-KC interface 
Pertec RD2411 
Processor Applications FDC-1016K Controller 
Processor Technology Helios (dual) 
Realistic Controls Z//25 
Synetic Designs interface and floppys 
Tarbell Bare Board Interface 
Tarbell Interface 

HARD DISK INTERFACE BOARD 

IMSAI DISK-50 
IMSAI DISK-80 
IMSAI DISK-200 

IMSAI Interface (assembled) 



Affordable Computer Products 
Byte Shop #2 
3400 E! Camino Real 
Santo Clara, CA 95051 
(408) 249-4221 

Advanced Microcomputer Products 
P.O. Box 17329 
Irvine, CA 92713 
(714) 558-8813 

Ai Cybernetic Systems 
P.O. Box 4691 
University Park, NM 88003 

ALF Products, Inc. 
128 S. Taft 
Lakewood, CO 80228 

Alpha Micro Systems 
17875 N. SkyPark North 
Irvine, CA 92714 
(714) 957-1404 

Altair (see MITS) 

Artec Electronics, Inc. 
605 Old Country Road 
San Carlos, CA 94070 
(415) 592-2740 

Associated Electronics 
12444 Lambert Circle 
Garden Grove, CA 9264) 
(714) 539-0735 

Base~-2, Inc. 
P.O. Box 9941 
Marina del Rey, CA 90291 

BIS! 
J.R. Broom 
Vancouver, B.C. 

Byte Shop 
1450 Koll Circle, #105 
San Jose, CA 95112 

CGRS Microtech, Inc. 
Unknown 

CHP, Inc. 
P.O, Box 18113 
San Jose, CA 95158 

Comptek 
P.O. Box 516 
La Canada, CA 9101) 
(213) 790-7957 

Computalker Consultants 
P.O. Box 1951 
Santa Monica, CA 90406 

Computer Data Systems 
English Village, Atram 2 
Newark, DE 19711 

Computer Kits Inc. 
1044 University Avenue 
Berkeley, CA 94716 
(415) 845-5300 

Computer Graphics Associates 
56 Sicker Road 
Latham, NY 12110 

Computer Hobbyist Products, Inc. 
P.O. Box 18113 
San Jose, CA 95158 
(408) 629-9 108 

COMPU/TIME 
P.O. Box 417 
Huntington Beach, CA 92648 
(714) 638-2094 

Computer Power & Light 
12321 Ventura Blvd. 
Studio City, CA 91604 
(213) 760-0405 

Crea Comp System, Inc. 
Suite 305 
4175 Veterans Highways 
Ronkonkoma, NY 11779 
(516) 585-1606 

Crestline Micro Systems 
P.O. Box 3313 
Riverside, cA 92519 

Cromemco 
2432 Charleston Road 
Mountain View, CA 94043 

(415) 964-7400 

Cybercom 
2102A Walsh Avenue 
Santa Clara, CA 95050 
(408) 246-2707 

DAJEN 
David C. Jenkins 

7214 Springieaf Court 

Citrus Heights, CA 95610 
(916) 723-i050 

Data Syne 
201 W. Mill 
Santa Maria, CA 93454 
(805) 963-8678 

DigiComm 
6205 Rose Court 
Roseville, CA 95678 

Digital Systems 
1154 Dunsmuir Place 
Livermore, CA 
(415) 413-4078 

Digiteck 
P.O. Box 6838 
Grosse Point, Michigan 48236 

Duston, Forrest 

885 Aster Avenue 
Palatine, IL 60067 

Dutronics 
P.O. Box 9160 
Stockton, CA 94608 

E & L Instruments, Inc. 
6\| First Street 
Derby, Conn. 06418 
(203) 735-8774 

ee cuiees. 
Electronic Eng. & Production Service 
Route #2 
Louisville, Tennessee 
(615) 984-9640 

Electronic Control Technology 
P.O. Box 6 
Union City, NJ 07083 

El Paso Computer Group 
9716 Saigon Drive 
El Paso, TX 79925 

Environmental Interfaces 
3207 Meadowbrook Blvd. 
Cleveland, Ohio 44118 
(216) 371-8482 

Equinox Division 
Parasitic Engineering 
P.O. Box 6314 
Albany, CA 94706 
(800) 648-5311 

Extensys Corp. 
592 Weddell Drive, S-3 
Sunnyvale, CA 94086 
(408) 734-1525 

Forethought Products 
P.O. Box 386-A 
Coburg, Oregon 97401 

Franklin Electric Co. 
733 Lakefield Road 
Westlake Village, CA 91361 
(805) 497-7755 

Galaxy Systems 
P.O. Box 2475 
Woodland Hills, CA 91364 
(213) 888-7233 

GNAT Computers 
8869 Balboa, Unit C 
San Diego, CA 12123 

Godbout Electronics 
Box 2355 
Oakland Airport, CA 94614 

Hayes 

P.O. Box 9884 
Atlanta, GA 30319 
(404) 231-0574 

Heuristic, Inc. 
900 N. San Antonio Road 
Suite C-| 
Los Altos, CA 94022 

Homestead Technologies Corp. 
891 Briarcliff Road N.E. 
Suite B-11 
Atlanta, GA 30306 

iCOM Division 
674) Variel Avenue 
Canoga Park, CA 91303 
(213) 348-1391 ~ 

IBEX 

1010 Morse Avenue, #5 

Sunnyvale, CA 94086 
739-3770 

IMS Associates, Inc. 
14860 Wicks Blvd. 
Son Leandro, CA 94577 
(415) 483-2093 

INFO 2000 
P.O. Box 316 
Culver City, CA 90230 

RoBerT ELLIOTT PurSER 

Integrand Research Corp. 
8474 Avenue 296 
Visalia, CA 93277 
(209) 733-9288 

International Data Systems, Inc. 
400 North Washington Street, 
Suite 200 
Falls Church, VA 22046 
(703) 536-7373 

Kent-Moore Instrument Co. 
P.O. Box 507 
Industrial Avenue 
Pioneer, Ohio 43554 
(419) 737-2352 

Lewis and Associates 
68 Post Street, Suite 506 
San Francisco, CA 94104 
(415) 391-1498 

Lincoln Semiconductor 
P.O. Box 68 
Milpitas, CA 95035 
(408) 734-8020 

Logistics 
Box 9970 
Marina Del Ray, CA 90291 

North Star Computers 

2465 Fourth Street 
Berkeley, CA 94710 

MECA 
7344 Wamego Trail 
Yucca Valley, CA 92284 
(714) 365-7686 

Micro Data 
3199 Trinity Place 
San Jose, CA 95124 

Microdesign 

8187 Havasu Circle 
Buena Park, CA 90621 
(714) 523-8080 

Micro Designs, Inc. 
499 Embarcadero - 
Oakland, CA 94606 
(415) 465-1861 

MicroGRAPHICS 

P.O. Box 2189, Station A 

Champaign, IL 61820 

MicroLogic 

P.O. Box 55484 
Indianapolis, IN 46220 

Micromation 
524 Union Street 
San Francisco, CA 94133 
(415) 398-0289 

Micronics, Inc. 
P.O. Box 3514 

Greenville, NC 27834 
(919) 752-7813 

Micropolis Corp. 

9017 Reseda Blvd. 
Northridge, CA 91324 
(213) 349-2328 

THE Factory 

Midwest Scientific Instruments 
220 West Cedar 
Olathe, Kansas 66061 

MIKRA-D, Inc. 
P.O. Box 403 
Hollister, Mass. 01746 
(617) 881-3111 

Mini Micro Mart 
1618 James Street 
Syracuse, NY 13203 
(315) 422-4467 

MiniTerm Associates 
Box 268 
Bedford, Mass. 01730 

MITS (Altair) 
2450 Alamo S.E. 
Albuquerque, NM 87106 
(505) 243-7821 

Morrow's Micro-Stuff 
Box 6194 
Albany, CA 94706 

MRS 
P.O. Box 1220 
Hawthorne, CA 90250 

Mullen Computer Boards 
Box 6214 
Hayward, CA 94545 

Mountain Hardware 
Box 1133 
Ben Lomond, CA 95005 
(408) 336-2495 

National Multiplex Corp. 

3474 Rand Avenue, Box 288 
South Plainfield, NJ 07080 

Objective Design, Inc. 
P.O. Box 20325 
Tallahassee, FL 32304 

Omni Systems, Inc. 
P.O. Box 7536 Univ. Station 
Provo, Utah 84602 

PerCom Data Company 
4021 Windsor 
Garland, TX 75042 
(214) 276-1968 

Peripheral Vision 
P.O. Box 6267 
Denver, Colorado 80206 
(303) 733-1678 

Phonics, Inc. 
P.O. Box 62275 
Sunnyvale, CA 94086 
(408) 735-7622 

Polymorphic Systems 
737 S. Kellogg 
Goleta, CA 94608 
(805) 967-2351 

Prime Radix Inc. 
P.O. Box 11245 
Denver, Colorado 8021 | 
(303) 433-5630 

Processor Applications, Ltd. 
280! East Valley View Avenue 
West Covina, CA 91792 
(213) 965-8865 

Post Box 466, Et Dorapo, CA 95623 

174 

Processor Technology 
6200-L Hollis Street 
Emeryville, CA 94608 
(415) 652-8080 

Quay Corporation 
P.O. Box 386 
Freehold, NJ 07728 
(201) 681-8700 

Realistic Controls Corporation 
3530 Warrensville Center Road 
Cleveland, Ohio 44122 
(216) 751-3158 

R.H.S. Marketing 

2233 El Camono Real 
Palo A!to, CA 94306 
(415) 321-6639 

RO-CHE Systems 
7101 Mammoth Avenue 
Van Nuys, CA 91405 

5. D. Sales 
P.O. Box 28810 
Dotlas, Texas 75228 

Sargent's Dist. Co. 
4209 Knoxville 
Lakewood, CA 90713 

Scientific Research Instruments 
P.O. Drawer C 
Marcy, NJ 13403 

Seals Electronics 
Box 11651 
Knoxville, TN 37919 
(615) 693-8655 

Smoke Signal Broadcasting 
P.O. Box 2017 

Solid State Music 
MIKOS 
419 Portofino Drive 
San Carlos, CA 94070 
(408) 246-2707 

Stillman Research Systems (SRS) 
P.O. Box 14036 
Phoenix, AZ 85063 

Suntronics Company 
360 Merrimack Street 
Lawrence, MA 01843 
(617) 688-075! 

Synetic Designs Company 
P.O. Box 2627 
Pomona, CA 91766 
(714) 629-1974 

Szerlip Enterprises 
1414 W. 259th Street 
Harbor City, CA 90710 

TE! Inc. 
7231 Fondren Road 
Houston, Texas 77036 
(713) 774-9526 

T & H Engineering 
P.O. Box 352 
Cardiff, CA 92007 
(714) 753-8568 

Tarbell Electronics 
20620 South Leapwood Avenue 
Suite P 
Carson, California 90746 
(213) 538-4251 

Technical Design Labs Inc. 
342 Columbus Avenue 
Trenton, NJ 08629 
(609) 921-0321 

Vandenberg Data Products 
P.O. Box 2507 
Santa Maria, CA 93454 
(805) 937-7951 

Vector Electronics Company, Inc. 
12460 Gladstone Avenue 
Sylmar, CA 91342 
(213) 365-9661 

Vector Graphic Inc. 
717 Lakefield Road, Suite F 
Westlake Village, CA 91361 
(805) 497-0733 

Western Data Systems 
3650 Charles Street, No. Z 
Sonta Clara, CA 95050 

WIZARD Engineering 
8205 Ronson Road, Suite C_ 
San Diego, CA 92111 

Xybek 
P.O. Box 4925 

Stanford, CA 94305 
(408) 296-8198 
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MATHEMATICS PUZZLES 
How many of the problems (a) through (f) below can 
be solved by forming an expression equal to the 
GOAL? (Suppose that each symbol below is 
imprinted on a disc.) 

The expression must use: 

(1) only single digits combined with operators, 
(2) all of the discs in the REQUIRED column, 
(3) as many of the discs in PERMITTED as you 

wish, and 

(4) at most one of the discs in RESOURCES may 
be used. 

The ‘’ indicates “to the power of’. Thus 
3*2 = 32 = 9. 
The ‘V’ indicates “the nth root of”. Thus 
3V8 = 2. 
Parentheses can be inserted anywhere to 
indicate grouping, but never to indicate 
multiplication. 

Special 

Rules 

Problem Required| Permitted Resources 
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An Interesting 
Problem 

by Fred Gruenberger 

A financia! institution advertises: 

Send us $100 per month for 12 years and we'll send 

you $100 per month forever. 

This is simply a clever way of expressing confidence that 

the institution involved can maintain a 6% interest rate 
(compounded monthly) indefinitely. At that interest rate, 
$100 per month for 144 months builds up a reserve of over 
$21,000, and $21,000 at 6% can then generate $100 per 
month in interest without disturbing the principal. As a 

matter of fact, the build-up period could be 129 months, 
rather than 144, and the same offer could be made (the 

amount available at the end of 139 months would be 

$20,004.84). 
They could also change the offer to read: 

Send us $100 per month for 12 years and we'll send 
you $200 per month for the following 12 years. 

Again, the same offer could be made using 139 months 
instead of 144. 

All the above assumes constant interest rates, and the 

problems could be solved quickly and readily with 

compound interest tables. 
Suppose, however, that the interest rate were not 

constant. Assume that a fund of exactly $20,000 is 
available for payout, at an initial rate of 6%, compounded 

monthly, but that the interest rate rises by .00008333333 
per month; that is, the rate rises to 7% at the end of ten 

years and continues to rise at that rate. How much can be 
paid back per month, so that the fund is completely 
depleted after 139 months? 

Reprinted with permission from Popular Computing, Vol. 4, No. 1 (P.O. Box 
272, Calabasas, CA 91302) 

COMPUTER 
RECREATIONS 

by D. Van Tassel 

Syntax Messages 
In the March-April 1977 issue | suggested you write a 

program to generate as many different syntax-error 
messages as possible with as few statements in the 
program as possible. | received a few responses but first 
prize must go to Wayne M. Compton of Dhahran, Saudi 
Arabia. He sent me a COBOL program with just one 
Statement which generated 570 error messages. The 
Statement was just the program name paragraph: 

PROGRAM-ID. ERRMSG. 
The compiler then went wild and generated 570 error 

messages. He ran this program on a IBM 370 OS/VS 
system. If you have access to such a system you might try 
it. 



Old Sime Problems 

Here are several problems from two arithmetic 
textbooks from around the turn of the century, 
i.e., around 1800! One is Schoolmaster’s Assistant 
by Nathan Daboll, and the other is An 
Introduction to Arithmetic by Erastus Root, 1796. 
Naturally, there were no computers, calculators, or 
slide rules in those days, yet consider the fact that 
these problems do not “come out even” and 
require a great deal of tedious hand calculation. 
Try them by hand and then write short programs 
to solve them. Which do you like best? 

vill | 

Oui | 4 

1. An ignorant fop wanting to purchase an 
elegant house, a facetious gentleman told him 
he had one which he would sell him on these 
moderate terms, viz. that he should give him a 
penny for the first door, 2¢ for the second, 4¢ 
for the third, and so on, doubling at every 
door, which were 36 in all. It is a bargain, cried 
the simpleton, and here is a dollar to bind it. 
Pray, what would the house have cost him? 
(Can you solve this problem with a 4-line 
BASIC program?) 

2. What is the difference between six dozen 
dozen and half a dozen dozen? 

3. Divide 4% gallons of brandy equally among 

144 soldiers. 

4. How much shalloon that is 3/5 yard wide, will 
line 5% yards of camblet which is 1% yard 
wide? 

The Little Pigsby Farm Puzzle 
The farm known as Little Pigsby has been in the 

possession of the Dunk Family for several centuries. One of 
the fields of this farm is rectangular and is known as Dog's 
Mead. Below are a number of clues to figures relating to the 
property which must be written in the appropriate places in 

the framework. When completed “2 down” will give the 
square of the age of Mrs. Gooby, Farmer Dunk’s mother- 

in-law. 

CEUES 
The year of the puzzle is 1939. 

4840 sq. yds. equal 1 acre. 
4 roods equal 1 acre. 
20 shillings equal 1 pound sterling. 

ACROSS 

1. Area of Dog's Mead in square yards. 

5. Age of Farmer Dunk’s daughter Martha. 
6. Difference in yds. between length and breadth of Dog's 

Mead. 
7. No. of roods in Dog's Mead times (X) “8 down.” 
8. Year when Little Pigsby came into possession of the 

Dunks. 
10. Farmer Dunk’s age. 
11. Year of birth of Mary, Farmer Dunk’s youngest child. 
14. Perimeter in yds. of Dog's Mead. 
15. Cube of Farmer Dunk’s walking speed in M.P.H. 
16. ‘15 across’ minus (—) “9 down.” 

DOWN 
1. Value in shillings per acre of Dog’s Mead. 
3. Age of Mary. 
4. Value of Dog's Mead in pounds sterling. 
6. Age of Farmer Dunk’s first born, Ted, who was twice 

as old as Mary in 1935. 
7. Square of the no. of yds. in breadth of Dog's Mead. 

8. No. of minutes it takes Farmer Dunk to walk one and 
1/3 times around Dog's Mead. 

9. See ’10 down.” 
10. “10 across” times (X) ““9 down.” 
12. One more than the sum of the digits in “10 down.” 
13. Length of tenure in years of Little Pigsby by the 

Dunks. 
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New Life for Nim! 
by B. M. Rothbart, London 

Nim is perhaps the most popular game. as a 

programming exercise in beginning computer 
science courses. However, as far as playing the 
game for the initiated player, it is no more than a 
test of adding binary numbers in one’s head. 

However, a small change produces a 
two-dimensional Nim which resists attempts at a 
definite analysis. Objects are placed in small groups 
forming a two-dimensional array as follows: 

LIT Wey} 
| PRA Ss) 
473. 9.71 

The two players then take turns to remove 
matches with the sole limitation that the matches 
removed on any turn must be from the same 
column or row. As in conventional Nim, the player 
who takes the last match can be either the winner 
or loser depending on the agreement reached 
before the game started. 

Some trivial wins and losses are readily 
spotted, but the charm lies in the way in which 
even experienced players are unable to play by 
rote. Is there a foolproof method for playing? We 
leave that for readers to find out. 

Simple (Crypt) Arithmetic 
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Different Numbers 

by 
Eve R. Wirth 

In this puzzle; first you must supply the 12 missing 
numbers and then add them up. This will give you a year in 

which one of the underlying principles of the computer 

was invented. (Hint: it was a mathematical principle.) What 

was the year, the principle, and who was the person? 

1...___— Nights” ak/a The Arabian Nights 

2._____ degrees inacircle 

3.___ original colonies 

4. — signs in the Zodiac 

5... Square inches = 1 square foot 

6. —- th Amendment (Women’s Suffrage) 

7.____ Years War (Anglo-French wars} 

8. _— Heinz Varieties 

9. —— Degrees (boiling point of water 

Fahrenheit thermometer) 

10... feet = 1 fathom 

11._____ R's (basics of education) 

12.___ _ good turn deserves another. 

Total 
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THE KEYRING PROBLEM 

Consider a keyring with 5 keys. Because of the 
structure of a keyring, each key is adjacent to 2 other 
keys. The problem is to engrave a number on each 
key so that the keying possesses the following 
property: 

For any number, n, between 1 and 21 inclusive, 
there exists an adjacent group of keys whose en- 
graved numbers sum to n. For example: If 1-2-4-x-x 
is part of the keyring, here are the possibilities: 

n 

NOOR WDM 

keyring 
1 

2 
2+1 
4 
2 

4+2 
4+2+1 

Clearly, it is not possible to form a 5 with ad- 
jacent keys. Can you write a program to solve this 
problem in a reasonable amount of time? 

Rob Kobstad and Mike Lucey 
Notre Dame, IN 46556 

P.S. A Fortran solution on a GA 18/30 required less 
than 1 minute to compile/solve the problem. 

COMPUTER 
RECREATIONS 

by D. Van Tassel 

Syntax Messages 

All programmers get tired of getting syntax error 
messages, but there is an interesting program to write 
where the goal is to get syntax error messages. Now any 
fool can get a lot of syntax messages (just forget to declare 
an array) but try to get the maximum number of different 
syntax error messages. To find out how many error 

messages are possible check your manuals for a complete 
listing of syntax error messages. 

In order to not make it too easy let’s try to get as many 

different syntax messages with as few statements as 
possible. We can set up a ratio as follows: 

ven # of statements 
ratio = 

# of different error messages 

If you get a good solution send me the listing (but you must 
do the counting). If | get some real good solutions | will 

publish them in a later column. This problem is language 
dependent so | will try to publish solutions by language. 
(Send solutions to D. Van Tassel, Computer Center, Univ. of 

California, Santa Cruz, CA 95064). 

THE FRIENDLY SKIES 

Every hour on the hour a jet plane leaves New York for 

Los Angeles and, at the same instant, one leaves Los 

Angeles for New York. If each trip lasts exactly five hours, 
how many planes from L. A. will each plane from N. Y. see 

_ (assuming good visibility, of course)? 

Thinkers’ Corner 
by Layman E. Allen © 1975 

SET THEORY PUZZLES 

How many of the problems (a) through (f) below can 

you solve by forming an expression that will name the 
number of cards in the universe that is listed as the 
GOAL? (Suppose that each letter and symbol below is 
imprinted on a disc.) 

The expression must use: 
(1) all of the discs in the REQUIRED column 

(2) as many of the discs in PERMITTED as you wish, 
and 

(3) exactly one of the discs in RESOURCES 

A 

C Cc 
D 

3 4 5 6 

Examples: 
The expression A names 2 cards (2,6). 

The expression A’ (complement) names 4 cards 
(1,3,4,5). 

The expression BAD (intersection) names 2 cards 
(2,4). 

The expression BUD (union) names 5 cards (1,2,3,- 
4,5). 

The expression B-D (difference) names 1 card (1). 

Universe 

of 

Cards 

NIO wp 

Problem GOAL REQUIRED PERMITTED 

(a) U ACDU 
(b) B CDUA 
(c) CU ABDA 
(d) C - BCUN 
(e) An’ BCUN 
(f) BD - ADU - 

RESOURCES 

ABCY - ' 
BDUN - ' 
BCUN - - 
CDDUN ' 
ABC DA - 
BCDUA - 
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Number Game 
Write a BASIC program to simulate this Number Game 

that appeared in the latest issue of Zephrus: De- 

Schooler Primer. 

Equipment: 2 dice and a score sheet. Each die num- 

bered from 1 to 6. 

Score sheet numbered from 1 to 100 

with a blank beside each number. 

Each player (you vs. the Computer?) 

rolls the dice. The object is to fill the 

blanks on the score sheet using the 

numbers on each die in any arithmetic 

operation. Only one operation may be 

used. 

With a roll of 2 and 6 the player could 

elect to fill in either the 2, the 6, the 

4 (6-2), the 8 (6+2), the 12 (6X2), the 3 

(6/2), the 36 (6’), or the 64 (2°). 

The winner? The player that fills the most blanks! 

Rules: 

Strategy: 

Drop It 
Cut out a cardboard rectangle 1-1/2” x 3”. Drop it from 

a height of about 2 feet onto an 8-1/2" x 11” sheet of 
paper laid flat on a table. Outline the rectangle where 

it falls with a ‘Flair’ type pen. Repeat 15 times. 

Write a program to determine the probability of one 

rectangle touching one other, two others, and so on. 

How do the results from your program compare to 

your drawing? Try it for 30 drops. Any improvement? 

180 
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False Cancellation 
The equation 16/64 = 1/4 is a result obtained by the 
cancellation of the 6 in the numerator and denomi- 

nator. Find all the cases in which AB/BC = A/C 

for A, B, and C integers between 1 and 9 inclusive. 

Do not consider obvious special cases such as 

22/22, 33/33, etc. 

Squared Sums 
The four digit number 3025 has the following prop- 

erty: if the number formed by considering only the 

first two digits (30) is added to the number formed 

by considering only the last two digits (25) (the total 

will be 55), and if this number (55) is squared, the 

result will be the original number: 

(55)? = 3025 

Find all 4 digit numbers having this property. Do not 

check numbers beyond 9900 since 9901 would be 

arranged as 

99 + 01 = 100 and (100)? = 10000 

which is a 5 digit number. 

Sequential 
What is the next number in the sequence: 

Ns Tha Uo Sh, es UO, ©), 

There are 3 pirates and a monkey on a desert island 

who have gathered a pile of coconuts to be divided 

the next day. During the night one pirate arises, 

divides the pile into 3 equal parts and finds one 

coconut left over, which he gives to the monkey. 

He then hides his share away from the pile. Later 

during the same night, each of the other two pirates, 

in turn, arise and repeat the performance of the first 

pirate. In the morning all 3 pirates arise, divide the 

pile into 3 equal shares and find one left over which 

is given to the monkey. How many coconuts were 

in the original pile? Since the result is not unique, 

find all values from 1 to 1000 that satisfy the condi- 

tions. 



COMPUTER 
RECREATIONS 

Dennie Van Tassel 

Bust Your Compiler 
Many commands within your compiler have limitations. 
These limits are usually so large that you will seldom 
encounter them. For example, one popular compiler will 
allow about 400 parentheses in one statement before 
objecting. An interesting exercise is to find other 
limitations on your favorite compiler. Here are some 
suggestions: 
(a) Maximum number of parentheses in one statement. 
(b) Maximum size of a 1-dimensional array. Maximum 

dimensions of an array. 
(c) Maximum length of literal or bit constant. 
(d) Maximum length of a single statement. 
(e) Maximum length comment or maximum number of 

consecutive comments. 
(f) Maximum number of nested DO or FOR loops (or 

blocks or IF THEN ELSE). 
(g) Maximum number of subroutines (or nested calls to 

subroutines). 
(h) Maximum number of arguments in a subroutine. 
(i) Maximum number of recursive calls. 
Can you think of any other restrictions of this type? Hint: 
Try examining the list of error messages for your language 
compiler. 

Self-Reproducing Program 
Revisited 

| received many solutions for this problem. For those of 
you that may have missed it in the Sep/Oct 1976 issue, 
here is the problem: Write a program that prints an exact 
copy of itself. No input statements are allowed. 

Several people sent in solutions where they used the file 
the program was in or they created a file before hand, and 
then read the file. But this violated the rule that no input 
statements were allowed. Also there were several 
solutions sent in that required over a page of code. 

Here are three good solutions, one in BASIC and two in 
FORTRAN. No COBOL solution was sent in, even though 
it is fairly easy in COBOL. It seems it should be possible to 
write a shorter BASIC version, but the solution is pretty 
good. 

Basic solution by Donald Bell, a student at California State 

University at Fullerton. 

B$= “DATA “+CHRS$(34) 
FOR J=10 T@ 180 STEP 10 
READ A$ 
PRINT J3B$;AS 
IF J<>90 THEN 170 

DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA’ | 
DATA _ 
DATA | " 
B$= DATA +CHR$(34) 
FOR J=10 TO 180 STEP 10 
READ A$ 
PRINT J3BS$3 A$ 
IF J<>90 THEN 170 

PRINTF,F 
END 

CALL EXIT 
100 

12(€48H 100 

END 

WRITE(6, 100) 

Run Times — The Most 
Important Variable 
is the Human Factor 

78 multiplied by 345 equals 26910. Notice that 
these three numbers have between them all of 
the digits 0 to 9 occurring just once. Can you 
write a computer program to find all such 
combinations? 

In the Jan-Feb 1975 issue of Creative Computing, 
we posed a problem to find all of the combina- 
tions of a 2-digit number multiplied by a 3-digit 
number equaling a 5-digit number which used all 
ten integers 0 to 9. (There are nine solutions.) 

Geoffrey Chase, OSB, of the Portsmouth Abbey 
School in Rhode Island wrote five different pro- 
grams to solve the problem on the same computer 
(PDP 8/e) and did an exhaustive analysis of the 
differences. Space does not permit us to print his 
entire discussion or the programs; however, the 
following is a brief summary. 
Language Timing 
FORTRAN/SABR Coding, 

using EAE subroutines 0.9 sec 
FORTRAN, no machine language patches 3.2 
Compiled BASIC, using EAE 15:5 
FOCAL, with some EAE 

floating point patches 61.5 
Multi-user BASIC, no EAE 108.0 

We see that there is over a 100-to-1 spread 
with the easy-to-program languages taking consid- 
erably longer to run. However, one must ask the 
question whether the ultimate goal in a particular 
program should be efficiency in running or effi- 
ciency in coding. To give you some grist for thought, 
why not try to come up with an estimate of the 
following ratio for your computer installation. 

Cost to Program One Line of Code _ 

Cost to Execute One Line of Code 

IBM estimates that the value of x for 360 and 370 series 
computer installations is approximately 100 million to 1. 
Obviously the ratio is different for a hobbyist or student 
programming a dedicated micro or mini. Nevertheless, 
the point is that the human factor is incredibly important. 

That is not to say that the computer doesn’t play an 
important role. Next issue we’ll be publishing a set of 
timing comparison programs in Basic and Fortran along 
with timings on popular minis, micros and timesharing 
systems SO you Can Compare your machine to others. 

Fortran solution by Mark Barnett at Stanford University. 

REAL*8F (6) /48H (7X “REAL*8F(6) /48H “6A8, 1H//7X ‘PRINTF ,F /7X END “)/ 

Fortran solution by Armond O. Friend of Brookline, Mass., 
a Freshman at MIT. 

FORMATC(T7, L2HWRITEC6, 100)/T7,9HCALL EXIT/ 
FORMAT(T7, LQHWRITEC6, 100)/T7,9HCALL EXIT/ 

1/76, 6H12(48H) , T69,2H)/, 17,2 (3 1H/T6, 6H12 (48H) , T69,2H)/,17,2 (31H) / 
1762; 11H) /T7, 3HEND) , 16, 2(28H1 T62, 11H) /T7,3HEND) , T6,2(28H) /T7, 3HEND) 
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ouzzies & problems 
SOLITAIRE 

Here is an interesting solitaire game which can 
be played on a 6x6 corner of a checkerboard or, 
better yet, programmed for the computer. 

The first cell (top lefthand corner) is empty; 
all the others contain checkers, chips, beans, etc. 
The problem is to reduce the checkers to one and 
finish with the last checker in Cell 1. A move is 
defined as any one checker jumping one other 
checker in a single straight-line step (no diagonals), 
and then removing the jumped-over checker from 
the board. 

ih AZ Mae 1S) 
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LADDER IN ALLEY 

Write a program to determine the longest ladder 
that can be carried in a horizontal position around 
a corner in Genoa when a 4-meter alley meets one 
2.5 meters wide. 

TILE FLOORS 

Two square rooms in a house were tiled with 
2,120 tiles, each a foot square. Each side of one 
floor is 12 feet longer than each side of the other. 
What were the dimensions of the two floors? 

COMPUTER 
RECREATIONS 

by D. Van Tassel 

Knight’s and King’s Tours 

The knight in chess can also be used for some interesting 
programs. The knight can move one square vertically or 

horizontally and then two squares at right angles, or vice 

versus. Here is a program using knights: Write a program to 
determine the maximum number of knights which can be 
put on one chess board so no knight can capture another 

knight. If you think about this, the solution is fairly easy. | 
will print a solution in a later column. 

A famous problem using a knight is called the Knight's 

Tour: Write a program with the knight starting at some posi- 

tion and have the knight visit each square on the chess 

board once and only once. There are many solutions to this 

problem. One solution isin the book BAS/C Programming by 
Kemeny and Kurtz, John Wiley & Sons. 

A final chess problem is called the King’s Tour. Starting 
with a king in its normal position have the king visit each 
square once and only once. 

If anyone knows of any other interesting programs to 

write using chess pieces, please send them to me and! will 
try to use them in a later column. 
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FLAGSTONE WALK 

A man has red, gray, and blue flagstones for 

making a walk (one stone wide). How shall he lay 

them so that no pattern is immediately repeated 
and how many can be so laid? That is, no 
consecutive stones may have the same color; no 
consecutive pairs of stones may have the same 
colors in the same order; no three stones may show 
the same sequence as the preceding three; and so 
on. For purpose of computer solution, you may 
represent the different color flagstones by the 
integers O, 1, and 2. 

Thinkers’ Corner 
by Layman E. Ailen © 

WORD PUZZLES 

How many of the problems (a) through (f) below can 

you solve by forming a network of words that have 
exactly as many letters as the number listed as the 

GOAL? (Suppose that each symbol below is imprinted on 
a disc.) 

To qualify as a network 

(1) all sequences of discs across and down must be 
words, 

(2) the words must have two or more letters and not 

be proper names, 

(3) all of the discs inthe REQUIRED column must be 

used, 

(4) as many of the discs in PERMITTED as you wish 
may be used, and 

(5) at most one of the discs in RESOURCES may be 
used. 

The number of letters in the words of the 
network 

CATaaeISa/: CAT=3, TO=2, ON=2 
ON Sse 2 ae 2 = 7/ 

The number in the network CAT is 3. 

Example: 

Problem GOAL REQUIRED PERMITTED 

(a) 7 BCY AT UW 
(b) AEK ABLMT 
(c) ADI AERR 
(d) AELR ADLMR 

(e) ENO AGNOT 
(f) EHT BENO WW 

RESOURCES 

CEGHI RS 
BCDMSTV 
BEGMORY 
ABCI JKL 
ACKMNTU 
ABNOPST 
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THE VICAR TOLD THE SEXTON... 

The sexton at the local church was ill and did not 
attend the Sunday service. The vicar visited him after the 
service, and the following conversation took place. 

Vicar: 

excluding myself — and the product of their ages 

was 2450. The‘sum of their ages was twice your 
own age. Can you tell me the ages of the members 
of the congregation?” 

Sexton: “You haven't given me enough information.” 
Vicar: “‘It is sufficient for you to know that | was the 

oldest person there!”’ 

Now there is no doubt that the vicar was a very 
mathematically minded man; but how old was he? 

.- -AND THE SEXTON TOLLED THE BELL 

By the following Sunday the sexton had recovered well 
enough to be able to ring the bells at the regular service. 
There were just two bells in the church belfry; the first can 
best be described as a ‘ding’ — the second, not unnaturally, 

as a ‘dong. Now an ancient by-law in the district 
proclaimed that no ‘ding could be rung exactly two chimes 
after another ‘ding; and that no ‘dong’ could be rung 
exactly three chimes after another ‘dong’. So what was the 
longest sequence of chimes that the poor sexton was 
permitted to ring? 

Games & Puzzles 

COMPUTER 
RECREATIONS 

by D. Van Tassel 

Calendars 

Calendars provide some interesting programs. To pro- 

gram calendar programs you must know the following rule: 
A year is a leap year (that is, February has 29 days instead of 
28 days) if it is a multiple of 4, except that a multiple of 100 is 
a leap year only if it is also a multiple of 400. January 1, 

1800 was a Wednesday. 
A common program on terminals is one that accepts any 

date and prints the day of the week. People like to input their 
birthdate and find out what day of the week they were born. 
This program can also be used to locate future three day 
weekends caused by holidays such as the 4th of July. 
Acommon program needed in business programming is a 

program that accepts two dates and calculates how many 

days have passed. 
A more interesting problem is to figure out how many 

different calendars there are. The number is really quite 
small. It is possible to print a perpetual calendar. That is 
print all the possible calendars and then provide a table 

showing the years and the calendar to use for each year. 
The final calendar problem concerns Friday the 13th. 

First calculate the probability of the 13th of the month being 
ona Friday. Next count how many Friday the 13th’s occur in 
this century. Is the 13th of the month more or less likely to 
be a Friday than any other day of the week? Why? 
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“There were only 3 people in the congregation — © 

FOLDED 

A piece of paper may be folded so that the bottom 

right corner just touches the left edge. Your problem is to 

determine, for any rectangular piece of paper, a method to 

produce the shortest possible crease. In the diagrams, crease 
CD is longer than AB but still not the shortest. What is? If 
you rotate the piece of paper 90 degrees (longest side 
horizontal) and repeat the exercise, what is your method 

? 
then: Games & Puzzles 

SA 

Thinkers’ Corner 
by Layman E. Allen © 1975 

MATHEMATICS PUZZLES 

How many of the problems (a) through (f) below can 

be solved by forming an expression equal to the GOAL? 
(Suppose that each symbol below is imprinted ona disc.) 

The expression must use: 

(1) only single digits combined with operators, 
(2) all of the discs in the REQUIRED column, 

(3) as many of the discs in PERMITTED as you wish, 
and 

(4) exactly one of the discs in RESOURCES. 

Special Rules: 
The ‘*’ indicates “‘to the power of.’’ Thus 3*2 = 32=9. 
The ‘/’ indicates ‘‘the nth root of.”’ Thus 3/8 = 2. 
Parentheses can be inserted anywhere to indicate 

grouping, but never to indicate multiplication. 

Problem GOAL REQUIRED PERMITTED RESOURCES 

67 - 3H +- =~ /246 
ae 34- X+/1359 
18 + 4+ +- +1279 

3- 248 -X + J/678 
3+ 37-= +- X 0135 

OV 22+ -X +VJ/-28 
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HOW LATE CAN YOU SLEEP 
IN THE MORNING? 

David H. Ahl 

Probabilities and expected values are a vital part to 
writing almost any game or simulation. Here are two 
real-life problem situations (1 face them practically daily) 
which can be solved with simple statistics. Be warned: 
the second is considerably more difficult than the first. 

GETTING TO WORK 

Driving to work, you can take one of two routes. 
Route 1 is 5 miles long and has 4 traffic lights. Each light 
is on a 1-minute cycle but with different intervals. Light 
1 is green in your direction for 30 sec., red for 30 sec. 
Light 2 is 20 sec. green, 40 sec. red. Light 3 is 25 sec. 
green, 35 sec. red. Light 4 is 40 sec. green, 20 sec. red. 

Route 2 is 5.2 miles long with only 1 traffic light which 
* is green your way 20 sec., red 40 sec. 

Speed limit in the town is 35 mph. 

: ine 

er 

1. Which is the best route and what is the expected 
time difference between the two? 

2. Route 2 also takes you by a factory loading dock. If 
a truck is just arriving (occurs 1 day out of 30) you will 
be held up an average of 3 minutes. Does this change 
your answer? 

AND ONCE THERE 
Parking your car, you rush into the 10-story Morris- 

town AT&T Building for your 8:30 am appointment with 
the vice president whose office is on the 9th floor. As you 
reach the elevators you glance at your watch and see that 
it is 8:29. From past experience you know that there is a 
40% chance of an elevator stopping at any given floor; a 
stop takes an average of 10 seconds. The elevator passes 
from one floor to another in 6 seconds. There are 3 
elevators all of which have an indicator on the 1st floor 
(where you are) that shows the location and direction of 
that elevator. At the point of your arrival, each elevator 
is equally likely to be on any of the 10 floors going on 
either direction. 

1. Assuming you take the elevator, what is the pro- 

bability that you will make your appointment on time? 
What is the probability that you will be less than 1 min- 
ute late? Less than 2 minutes late? 

2. Under the conditions stated, exactly when would 
you expect to arrive on the 9th floor? 
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3. You also know from past experience that you can 
run up the stairs to the 2nd floor in 10 seconds. The 2nd 
to 3rd takes you 10% more time (11 sec.) and 3rd to 4th 
10% more time (12.1 sec.) and so on. What position of 
elevators upon your arrival would cause you to run up all 
9 floors? (Many answers are possible — select one “break 
even” combination). 

4. Assuming your office is on the 3rd floor and you are 
faced with the same situation as above (time 8:29 with 
8:30 appointment on the 9th floor), but with no elevator 

indicators, what is your best strategy to be on time for 
the meeting or as little late as possible? That is, do you 
run up or wait for the elevator? 

PARTIAL ANSWERS 
“Getting to Work.” 1. Route 2 is approximately 0.47 

sec. faster. 2. The arriving truck has an expected value of 
-6 sec. per day on Route 2, hence Route 1 now has the 
edge by 5.53 sec. 

“And Once There.” Once you get on an elevator, itis a 
fairly simple matter to determine how long it will take 
to get to the ninth floor (8 floors x 6 sec. = 48) plus (40% 
chance of stopping x 10 sec. per stop x 8 floors = 32) 
equals 80 sec. But figuring when the elevator will ar- 
rive on the first floor is something else again. Any ele- 
vator can be at any floor going in either direction. Hence, 
Elevator 1 has a 0.056 probability of being at, say, Floor 
3 going up*. How long until it returns to Floor 1? Well, if 
we know it goes to the 10th floor, that’s easy, but it has 
only a 0.4 chance of going to the 10th floor, 0.4 chance 
of going to 9 and so on. Multiplied by 18 different pos- 
sible starting positions and by 3 elevators, this is a nasty 
problem. In a situation like this you have to ask yourself 
whether a heuristic, or rule of thumb, or best guess 

wouldn’t provide an adaquate answer. For example, you 
might want to make the assumption that at least one ele- 
vator is at the 4th floor (or below) and heading down. 

It is sometimes easier to come up with a solution if 
you think of the problem in entirely different terms. For 
example, think of the elevator as a one-way trolley on a 
circular track — station 1 is Floor 1, station 2 is Floor 2 
going up, and so on. Station 18 is Floor 2 coming down 
and then back to station 1 again. Using this approach 
may make it easier to work the problem. 

By the way, it should be apparent that a computer isn’t 
much help in solving this particular problem. However, 
if this were part of a much larger simulation in which the 
output of one part provided the input to the next (a very 
typical situation), a computer would be almost vital to 
the solution. 

If you’re still with me and want to read a fun little book 
on the subject, get “Flaws and Fallacies in Statistical 
Thinking” by Stephen Campbell published by Prentice- 
Hall. 

“If there are 10 floors and the elevator has an equal 

chance of being at any floor going in either direction, 
why isn’t the probability of being at Floor 3 going up 0.1 
x 0.5 = 0.05? Simply because Floor 1 and 10 do not have 
a direction associated with them, hence there are really 
only 18 locations. Actually, that’s over-simplified be- 
cause the elevator may not even reach Floor 10, or 9 or 
8 etc. 



A Picture In 20 lines 
by E. Young 

Beavercreek High School 
Xenia, Ohio 

We've all heard that a picture is worth 1000 words. Well 
what kind of picture can be produced in a 20-line BASIC 
program (approx. 1000 characters). 

My assignment to my first-semester computer science 
class was simply “to produce a picture with a 20-line 
BASIC program with no PRINT quote formats allowed.” 

The variety of programming methods surprised me. They 
ranged from 3 data codes for what, where, and how many 

characters to read — to single numerical data that was 
sectioned algebraically to code a whole line. 

* 

$k 
* kK * 

* * ok 
FOCI OOOO IOOIIOIO IO a oo oto oii took ke tok 
* * * * * 

* * * * * * * 
Ptre tite rte ett tttrtitettertierirorl root rrr es tes ees es 
* * * x * * * * * 
* * * FIO IIR II IIE * * * 

* * * * ke KOK OK x x * * 
* eek OK RR RK ROR OK OK KR kee * 
* * eRe kk RK KOK OK * * * 
** kee eK OK KKK KOH OK KOK OK * * 

* * * ** € Kk * * ee kK eR OK * * 
* * * a * ee eK RR RK OK OK OE * * * 

SEI IOI IO GIO III Oa ior tito iotoiet 4 ioiok 
* * * ee OK KK ORR OK KO KOK * * * 

* * * kK KK OK * ke kK RK OF * * 
* * kk KK KE ORKK KOK KOR OK OF * * 

* * OR KK eee KKK EK eee * * 
* Kee kK OK OK KOK KOR KOE EK * 

* * * * kk OK KK * * * * 
* * * JISC IOI IO ik * * * 

* * * ** * * * * 
FO IOI IDOI ORIG OI GOI IDIG ICI IOI IOI aOR a I I a ke trie 

* * * * * * * 
* * * * * 

STrrrt rt tt ttt etter tt tert terri rife t fe te 
a ce 
-_ * * 

ee 
* 

Star of Beaver Creek by Dave Triwush 

eeSRRE EER EERE 
+e eeee 

* ** 

* -* 
* * 

** -_ * & * 
tee hee be Oe eee * 

s+ * * * * * * 
ot * * * “* 

* * - * +e * * 
- * + + eee eeene * x 

=e * * *¢ & & * * 
* + eeee & * & * 

“* * *& * ** * * 
* “_ * ee * * * * * 

one eee ** * * * * +k * 
* ee * * * ee * * * ke * 

* eee ee * ek oe eeeeeee * * 
the * PREEE FEE eeeeeee + * ae 
* TREKKA EREE REED * +e kent 

* SKSEHOEEERE * 
SPERERERESERESESEEDE EE BED 
* CRERRRERE SESE EEE * eee 
EEEEEEEREREEDEEREE ESD * * 
* ECAR EAA EK EEE ** * 
SEREAEARERESEERAEED ERO RE e tee 
* REREEREAEEERE DERE eee 
SEER ERERE REE EEEES 
cS CHAKRA SEER EERE EE eee 
oe CERES RE DEER ESOS EE * * 
SRAEARHEAEEAEEEEG REE Of * 

SHEE E ERE EES + * EREREEREREEERERERERERERRRRKKERE DERE 
POREKEKEE REE EH +h * PERRET EERE ERE IE EE * 
TREAEEHEEEEEDRE & OH & * eee . 
CREE EOEHEDERES BH & eee HORRRRKKRERENE 

HEREEEEREEERE & OH OF * * eee 

SERRAEREE EE EED © & SEREEEREEEAEEEREEEEEEREEE ERED * * 
eee eeeeee * * “* ae 
eeeeee * * * 

wher +e 
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HHHHH ee eee oe CHHHHHH eo cer cece eee HHHHH 

AHHH ere rere reece HHH HRBH oc cceesc cece fhe 

HHHHH eer eeeecrere ce Hh tH PREY secre esc e eee FHHEH 

WHARHH ce ccccccce 
HHHH 

HHHHH ccccecs cet HHe 
HHHHH oe co cece eo HHH 

HUHRUM re cccvcccccvecce cH#h# 
PHM rc cccccccccccccescHHH# 

HHHHecececcccsccccccccHH#H 
MHP ecccccccccccccccc oHHHE 

HHH ec cecccccecccccccccct### 
FHM core ccccccccsccccc ce HH#HH 
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HHH oe ccercccescccccccc ot HHH 
HHH co ccccccccccccccccs cH#Ht 
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HAHAH eo cee eH ho 
HHHHH se oo HHHY 

HHHHY AWE 
HHHKH HH 

wH#H 

oH HHH 

o HHH HHH. eee rece cere eo HHhH#H 

THON IG HOOD OOD DOCOOII LE: 
HREM ore clerdsicivicl weiss oe FER 
PH Plorcrercrolelolerelclalevetele ae RAE 
PAK OMGOO GO OBDOOOOOOLAL LE: 
IN SOC OOGOOGR ODOR ROE: 
CH Ee PIONOOC ADDO COOOOOG FIC 
WICK ES OG CUO TOOOCOCE BAG IK: 
BUEN Sashes eielcisievcere REM 
#HRHoccece SO OOCOOGKR: 
HR #foreeieiers aleteleierelcie BRAS 
PMN cater exeta siolelererere ee awe 
CHEK aise aeorcromt tilt 
WHER ceisicete BmeOOuOO Ly a 
PEW Weiwersinr eafelereters MEE 
PU COE Aasadser ree 
MER W eeiaree ee 2 es 

CNET WR Micterelete Bp OOOra 
PEPELE! WHWHoees oe MMH KR 

HYHH ose oe eH HHMR 
HWRB os rrr) 
LL LL 
HER eee HHHHM 
HEU cee KEE HM 
HYBH oo MHOED 
WHER HE RHE 
WYHRHK 
TT) 

Lowell VonRuden 



> ® a 

* 
* 

is) 
“ue % * Le, 

* * 

* 

* 

* 

& 

* ae 

cs 

* 

* 

: 

~4 

* * % * % 

* * * % 
* * * 

* 

* 

* 

o 

* 

ae ee 

* 

+ 

* 

* 

* 

* 

* 

*# 

ee 

* 

> 

ee 

* 

* 
* 
* 

* 

* 

rei 

hi, 

he 

g* 

Rah 

eg 

is 

ms 

_77 

11 

eeeeccecesvrecs 
* * * yee mies Nt 

* 

eanre 

* 

aA 

i 
% 
# 

+ 

* 

\- 

1) 
1 
@eececeeseezcase 

‘ 

* * * # * * ie 

* 

*% 

* 

+ 

* 

* 

*** 

* 

* 

* 

ee 

8 
4% 

* 

* 

+ 

* 
* 
* 

* 

* 

* 
* 

* 

* 

* 

Ae 

* 

abe 

Seat 

* 
* 

+ 

* 

* 

* 

# 

xe 

HH 

* 

* 

se 

& 

# 

* 

#1 

* 

* * * * 

* 

* 

eH 

HH 

* 

* 

* 

* 

* 

* 
* 

+ 
* 

7eN 

N\ 

FeaoeNr Ne N@ CCG OGCERER ER HR EEE AREER RReBReeGeBEeee, 
\N@@ CRORE Re EEEERHeeRERRe ORR EEEEE/ 
NEI III EC HI SN I EI AX XX A 

700000 / 

ZFovese/PORGO/ 

SA ee we sme eee se oniggig ce ORCA OS cme cee= 
Nooo S@080O/ \ 

\. 7000007 \ 
= Save =ia = noe nin wim, t O90 COO =\=\m\c a =o om niainla\ais aie 

\
e
e
e
e
e
e
e
c
e
e
g
e
e
e
e
e
e
e
e
e
e
c
e
e
e
e
e
e
n
e
e
e
e
e
e
e
e
,
 

\
@
C
O
B
R
B
E
 

C
O
O
H
 
E
E
R
E
 
E
R
E
 
E
E
E
 
B
R
E
R
A
 
R
A
E
E
E
E
E
E
A
/
 

N
o
w
n
e
r
-
-
-
-
-
 
0
0
0
0
 
0
-
-
-
-
-
-
-
 

-
e
e
e
e
e
/
 

Dan Lauer 

\
e
@
e
e
e
e
e
e
e
e
s
.
 

\
N
@
@
@
0
0
0
0
/
.
.
-
\
 

N\A,2 so '='= 9110.0 6 \ 

N 
Z
e
e
e
e
e
 
/
B
O
0
0
B
/
 

7
7
0
0
0
0
0
 /
 

F
o
e
e
e
e
/
@
@
O
G
0
/
 

« /
@
0
0
6
8
/
 

22 
/
@
0
0
8
8
/
 

7
0
0
0
0
0
/
 

-
/
@
8
8
0
0
/
 

« 
7
@
0
0
6
0
/
 

-
7
e
0
e
0
@
0
0
0
/
 

oo 
/
@
0
0
G
8
/
 

-
7
e
e
0
0
0
/
 

7 /
@
8
0
0
6
/
 

~
7
e
e
0
0
C
e
/
 

J
o
v
s
e
e
/
@
Q
@
h
e
e
/
s
 

J
o
e
e
e
e
/
@
O
O
G
R
/
 

\ 
J
o
e
 

7
8
0
0
0
0
0
 /
 

N 
F
o
e
s
 

e
 S
@
O
0
0
0
/
 

J
o
v
e
c
e
e
/
@
@
Q
e
e
/
 

PP 
t
e
 

oat 

\ 
e
e
e
e
e
/
 

* 

oN 
Z
e
c
c
e
e
 
S
Q
Q
C
O
8
/
 

c
o
c
c
e
e
 
/
O
O
C
O
C
/
 

* 

7
/
@
0
0
@
8
/
 

\. 
7
0
8
0
0
0
 

/ 
x 

ars 
* 

000 
/
@
0
0
0
8
/
 

Ne 
7
0
0
0
0
0
/
 

* 
5 

* 

o
/
@
0
0
0
0
/
 

N
e
o
c
e
e
e
/
@
O
0
C
O
/
 

a 
e
e
 

* 

7
0
0
0
0
0
/
 

N
o
o
o
 
/
0
0
0
0
8
/
 

* 

\
.
/
@
0
0
0
0
/
 

\
-
/
2
@
0
0
@
0
/
 

o
h
 

* 
* 

-
e
e
r
r
e
r
r
e
 

w
r
e
 

e
r
 e
e
e
 

*
 

*
 

+
 * * *
 
i
a
 

m
s
 

*
 
*
 

*
 

*
 
*
 
*
 

Hates 
* 

* # * 
*
 

P * 

* 
* 

* 
* 

* 
* 

Y * 
* 

* * 

@eeeeoeaeeoezoesoe® 

ek kK KK 

\ ex 
KK / 

OK / 

KKK / 

\ RK K 
\ OK RK 
NO 

* kK kK Ke * 

Nittireres s+ 222 27 
\ ok ok kk koko ok kok / 

NOR RR RK RK A / ** ee eK eK KK 

* ee KK KK KK KE Kk OK Nh / 
No kK / 

@eeeeoeeneedeeaed 

@eee 

VO OK / 
\ kK KS 

~_* * 

x Ke eK KK KK KK K KK KK 

ee KR RK RK OK OK Rk OK Ke OK Kk Ok 

we Oe kK eK KK KK Kk KK OK Ok 

* KOK OK 
kK KK x 
* 

o* 

*_ ee ke eK eK Ke eK KK KF EK KK Ke OK 
ok kk 

Ae OK OK OK 

OR KR RK KK ok 

2 RK Kk fe KK KK 

OR ROKK KKK OK KR KOR Kk KK 

KOK RK KK OK OK OK K ROK OK KOK OK OK ROK Kk 
eR OR RK KK KOK KR KR RK OR KK KOK * iN 

\ x«** kK KK Kk Ke KK KK KK KK kK *K 

ha 

FRO OR TOR RK KK aK a KK Kk kok \, 

1K KK KOK OK KOK KK KK KK KK] 

@X XK-X X® 

\Z4 V4 

NEON ZONES ON IN ENA NEN Nee, 

[---------------------1 

{---------------------] 
SS VAUKS VALS. VABN SAIN, “ZAR 7 

INA NEF INES NYLON 
X XX KIX KK KIX KK XK 

OLIN J ONIN ONGLONTLENE SL, NESE NEO 
@X X X X@---------@-@-@---------OX X X xe 

@x X K X® 

Norman Hicks 

e
e
e
 

S
e
e
e
e
 

C
e
 

eee 

e
e
e
 

*
*
 

* 

A
o
 *
 

x SSH 

eee 

*
 a

e
e
e
 

e
e
e
e
e
 

x
e
 

* ee
 

S
e
e
 e
e
 

S
S
S
S
E
S
E
E
S
E
S
 

S
E
R
S
E
E
E
S
E
S
E
S
E
S
R
S
S
 

F
E
S
R
 

£
H
 

F 
HK 

E
H
 

S
S
S
S
S
H
R
S
E
S
S
E
 

$
4
4
4
 

S
H
E
H
 

F
O
R
K
E
D
 

* 
e
e
e
 

S
e
 

E
R
E
E
E
S
 

E
H
E
K
E
E
H
E
 

F
H
K
K
E
K
 

K
K
K
E
K
K
E
E
H
 

* 
S
E
K
S
E
K
S
E
S
 

S
H
E
K
H
A
R
 

S
E
R
E
H
E
E
S
K
H
 
S
E
R
S
 

& 

e
e
 

S
O
e
S
S
H
 

R
S
H
 

S
E
E
S
K
K
E
E
 

F
H
 

H
E
S
S
 

E
S
e
K
E
E
S
E
 

S
A
E
E
S
E
 

S
E
S
E
 

E
E
S
E
K
S
E
R
S
E
E
 

S
R
H
S
S
C
E
R
E
S
E
S
S
 
S
H
T
E
S
E
H
 

S
F
E
K
E
E
 

S
H
S
S
H
S
K
E
E
S
E
S
S
E
D
 

s
e
 

s
e
e
 

a
e
 

*
 

e
e
e
 

e
e
 

s
e
 

=
 

+
h
 

*
 

8 
s
e
 

R
O
B
 

S
 
S
E
S
C
E
S
S
E
S
S
S
E
S
E
S
K
S
S
E
S
S
S
E
S
 

F
F
 

a
e
 

S
E
S
S
S
H
R
S
S
E
E
S
S
E
 

C
H
E
 

KF 
E
E
 

E
E
R
E
H
 

S
S
S
S
S
S
S
S
E
S
E
S
S
S
 

& 
S
H
 

F
E
 

H
E
H
E
H
E
 

S
H
S
O
T
H
E
S
S
E
S
E
E
H
 

a
o
e
 

e
e
 

s
e
 

4
K
H
 

S
O
S
4
E
S
4
 

S
H
S
E
E
R
E
R
S
 

e
e
e
 

S
e
n
g
 

S
H
E
S
E
S
S
E
H
R
E
S
E
E
S
H
 

ee) 
E
S
S
E
R
E
 

E
e
e
 

e
O
E
E
E
E
S
E
 

K
E
R
E
H
 

w
e
 ih 

s
e
s
)
 

Ut 
e
e
e
 

* 

* se
e
 

a
e
 *
*
 

e
s
 

o
e
 

S
e
e
m
 

s
e
e
 

* * > s 

* 

S
e
e
e
a
e
 

e
e
e
 

eK KKK * 

x OK KOK OK KOK OK RK OK OK OK OK OK 

Pat Brunner 

eee * 
* * 
st tH 

ee 

s
e
 

Tee 

Ken Blauvelt 

187 



BIRTHDAY PLOT 

— 

Birthday Plots 
At a recent math teachers conference, both HP HP 9830 birthday plot 

and Wang were running “birthday plots.” The 
two programs were remarkably similar in 
concept. Here are the two plots generated by 
the birthdate of Creative Computing, 
10/31/74. All the lines in each construction are 
straight. 

Wang 2200 birthday plot 

. ar ay, 
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A a TEE IR SES GG SEE SEN ih NTR ES 

COMPLEX PROBLEM-SOLVING EXPERIENCE FOR 
UNDERGRADUATES VIA COMPUTER TECHNOLOGY 

Michael Szabo, Ph.D. 
Assistant Director 
CAI Laboratory 

The Pennsylvania State University 
814/865-0471 

Scenario 
Imagine the following scene: You sit down at a computer 

terminal and after brief introductory details, you are asked 

~ to read the following passage. 

“The Arctic Oceanis bordered across most of Eurasia and 
North America by low, mostly flat plains that dip gently into 
the sea, called the tundra. With an average annual 
temperature of two degrees above zero the tundra remains 
frozen most of the year. When the spring thaws the snow in 
the higher lands to the south, the water runs into the river 
and begins a migration to the Arctic Ocean, but the mouths 
of these great rivers are still frozen solid in these cold, 
northerly reaches and present an impenetrable dam to the 
advancing waters. The water spreads out over the low 
landscape forming innumerable lakes, ponds and swamps. 
The water has no choice but to sit and wait for the thawing 
of the river mouth — it can’t evaporate into the cold air, and 
it can’t sink into the ground because it’s permanently frozen 
to depths of hundreds of feet. 
About one seventh of the entire land surface of the earth 

is permanently frozen and the greater part of that is covered 
with a layer, varying in thickness from a few feet to more 
than a thousand feet, of stuff we call muck. Only the top two 
or three feet of the muck ever thaws in the short arctic 
summer, only to freeze solid again during the winter. Ten 
feet down the passage of the seasons goes by completely 
unnoticed. 
When the mouths of the great rivers finally open, much of 

the water drains away into the Ocean, carrying some of the 
muck with it. Then, occasionally, the excavated muck leaves 
to reveal one of nature’s great oddities, the frozen remains 
of the great wooly mammoth. 

The most famous of these, the Beresovka mammoth was 
discovered by a Siberian tribesman around the turn of the 
century. It was sticking headfirst out of a bank of the 
Beresovka River, a tributary of the large Kolyma which 
empties into the Arctic Ocean. A scientific expedition was 
sent by the National Academy of Sciences from St. 
Petersburg in accordance with an edict from the Czar. The 
members of this company built a shack over the corpse and 
lighted fires within to thaw it out. They then dismembered it 
carefully, packed up the parts, refroze them in the air 
outside, and sledded them to the Trans-Siberian Railroad. 
Much of the head, which was sticking out of the bank, had 

been eaten down by wolves and other local animals, but 
most of the rest was perfect. Most important however, was 
that the lips, the lining of the mouth and the tongue were 
preserved. Upon the tongue as well as between the teeth, 
were portions of the animal's last meal, which for some 
reason he had not had time to swallow. 

This-meal proved to have been composed of delicate 
sedges and grasses and — most remarkably — of fresh 

and 
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buttercups in flower. The stomach contained many more 

quarts of the same material, undigested and not decom- 
posed. The exterior of the mammoth was whole and perfect 
with none of its two foot hair rubbed or torn off. The meat 
was fresh, although it started to rot when thawed, and the 
sled dogs ate it with enthusiasm relieving the party from 
carrying additional supplies for the dogs. Unlike most 
mammoth finds the Beresovka mammoth had a broken hip, 

but like others it was healthy and robust, upright and with 
no apparent cause of death. 
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Mammoth remains are found widely distributed over 
Siberia and in Alaska. Their bones are spread over the floor 
of the Arctic Ocean where ships have dragged them up. 
And, 200 miles to the north, in the New Siberian Islands, 
mammoth remains are thickest of all. 
How does one go about killing healthy, robust — 5 ton — 

animals leaving no apparent cause of death and then 
manage to preserve them in the condition described using 
only natural means? What processes of nature could 
combine to concoct such a wild story?” 

The above scenario introduces you to a unique and rare 
experience in an undergraduate curriculum: the opportuni- 
ty to attempt to solve areal and complex problem in science. 
The experience, which is supplemented by a computer, is 
also a vehicle to study human problem-solving of a 

scientific nature. 

Scientific Problem-Solving 
Although scientists and psychologists have long inquired 

about the nature of how man solves problems, most of the 
studies have focused upon the solution to problems with 
single correct answers. It can be argued however, that the 
study of how problems are solved can yield much insight 



into how man thinks. Given the assumption that problem- 

solvers employ a wide range of skills and strategies, 
complex problems are needed to elicit those behaviors in 

order to detect and study them. 
We might define a complex problem as one having two 

characteristics. First, a rational (i.e., scientific) approach 

may be employed in the search for a solution. Second, the 
problem is rich in data which implies that various possible 
conclusions can be supported, to some degree, by these 
data. 

The shape and direction of our computer-supplemented 

study of the Mammoth continues to be guided by these 

basic questions. 

How does one solve complex problems? 
Can a person become a better problem-solver? 

What discriminates the better problem-solver? 
What environments facilitate problem-solving? 
To what extent can the study of problem-solving be 
automated? 

Overview 
The Wooly Mammoth (Mammo) problem is a problem- 

solving environment designed to confront individual or 
small groups of problem solvers with a complex task. The 
role of the computer (an IBM 1500 series using 

Coursewriter Il with CRT, image, and audio terminals) is to: 

1) present the problem to the student; 2) serve as a data 

source; 3) monitor selected parameters useful in the study 
of problem-solving; and 4) provide statements (heuristics) 
which help structure the flow of the solution effort. 

Dr. David Riban conceived Mammo during his tenure asa 
physics graduate student at Purdue. Although designed for 
use with a high-speed computer, Mammo was run 
numerous times in non-computer mode with high school 

physics students and undergraduates. Mammo was 
programmed for the 1500 System in 1973 by Mr. Thomas 
Rhoades and Dr. Michael Szabo. Since that time it has been 
used to provide over 200 student hours of training in 
complex scientific problem-solving to preservice secondary 
science teachers. In addition, more than 350 un- 
dergraduate student hours have been logged in conjunction 
with research studies on problem-solving conducted by Dr. 

Szabo, Mr. Rhoades, Mr. Lazzaro, and Melissa Berkowitz. 

Operation 
An operational flowchart of student progress through the 

two-hour Mammo sequence is presented in Figure 1. The 
program first handles housekeeping details and presents 
the Scenario to the student. Then, without identifying the 
problem to be solved, the computer requests possible 
hypotheses and suggests the student query the computer 
(request data) that might be useful in testing the 

hypotheses. At no time does the student see a listing of 
available data. Instead, he types in a natural language 
request (up to three lines of text) which is matched with 
stored data titles using an edit and a keyword routine. 

For example, a student might request, “What was the age 

of the mammoths?” This simple statement is deceptive. 

Does the student wish to know the number of years since 
mammoths became extinct? the actual age of the Beresovka 
Mammoth at death? the actual age (average) of mammoths 

at time of death in general? This example points out: 1) 
difficulties of using a computer to assign semantic meaning 
to a string of characters and; 2) the tendency of problem- 
solvers to formulate imprecise data requests. A successful 

data match results in the display of verbal data on the image 

screen. An unsuccessful match triggers the data request 
sequence again, but in aslightly different form. The student 
is given the three options of making a final conclusion and 

ending the program, reviewing hypotheses, or making 

another data request. 

The data request used as an example will trigger display 
of a brief passage regarding the geologic age of the 
mammoths, abstracted from the scientific journal Science. 
There are more than 200 separate pieces of data stored on 

accessed images. 
This describes one version (Mode |) of Mammo, called the 

Problem-Mode. Mode | was designed to be free from hints 
or cues, both content-oriented and content-free, that might 
aid the student in solving the problem. A second mode (II) 
has been constructed to provide content-free problem 

solving heuristics to guide, shape, or direct the process 
used by the student. 

Operationally, Mode II is identical to Mode | except for two 
added features. The first is quite simple: it forces the 
student to evaluate his progress (hopefully, to test 
hypotheses with the data acquired) by requiring that the 
student type a brief conclusion after he has received data. 

The second feature unique to Mode Il is the presentation 
of selected heuristics to ‘guide’ the problem-solving 
approach used by the student. By responding to the pattern 
of data requests or conclusions posed by the student, Mode 

Il heuristics simulate a real problem-solving environment. 
Two examples will be presented. If the student triggers 
three pieces of data wihch have been determined to be 

logically related (by an outside authority), he receives the 
following heuristic message: 

“Good. Your last few requests for data show that 
you re following up a single line of thought. This is the 
only profitable way to attack a complex problem like 
this.” 

If on the other hand, the data requests (and matches) 

indicate logically unrelated data being sought, the heuristic 
may be of the following form: 

“Do you have some strategy or plan of attack onthe 
problem? What are you really trying to clarify?” 

As another example of the second unique feature of 
Mode Il, the conclusions made by students are compared 
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with prestored conclusions which have been posed by 

scientists who studied the riddle of the mammoths. Further, 

logical “chains” or sets of data which are necessary and 
sufficient conditions to support these conclusions have 
been identified. 

Presume that a student concludes that the mammoths 
froze to death but the student has neither requested nor 
seen the necessary data ‘chains’ to support this conclu- 

sion. The likely computer heuristic displayed to the student, 

depending on specific terminology used is: 

“A comparision of all possible facts and data in 
memory areas implies you have seen insufficient data 
to form this conclusion. 

On the other hand, suppose the student has requested 
the necessary data and concludes the mammoth frozen to 

death. In this case, the heuristic is: 

“Hold on! Let’s go back and check out your 
conclusion about the mammoth’s death. Ask yourself 
questions like — if the mammoth really died in this 
way, what conditions would the cadavers be in? 

Always check your conclusions. Consider the idea 
and determine what data you need to check your idea 
out, then request such data.” 

From these heuristics, it can be seen that the intent of the 
guidance provided in Mode II is to urge the student to form 
hypotheses, devise critical tests of these hypotheses, 

request data needed for those critical tests, and apply the 

tests in some logical fashion to reducing the discrepancy 
between the problem statement and the solution state- 

ment. 

Findings 

In addition to specific and experimental findings from 
theses now in progress, the following observations 
represent a sample of those made by various individuals 
associated with the project. 

First, attempting to solve Mammo is psychologically 
engaging and elicits some strong positive reactions. Most 
students have to be reminded that it is time to quit and a 
large majority wish to know “‘the answer.’ The enjoyment 
of the experience is a function of the background (science or 
non-science) of the students and whether the problem is 

investigated in a group or as an individual effort. 
Second, requests for data are more often requests for 

conclusions. For example, students commonly ask 
questions like — “‘Did the mammoth drown?” rather than 
requesting data on analysis of the stomach contents of the 
cadaver (that is, data which could support or refute the 

hypothesis of death by drowning). The phenomenon of 
imprecise or unfounded data requests has been noted in 
many problem-solving studies and was a serious deterrent 

to the acquisition of sizable amounts of data in early 
Mammo programs. This problem has been corrected by the 
addition of a short segment which instructs the student to 
conceptualize the computer more like an encyclopedia than 
a genie with all the answers. 
A third observation is that terminology used in requests 

for data varies considerably, with profound implications for 

keyword identification of the data. Use of common 
synonyms for the Lorge-Thorndike dictionary of most 
commonly used words was quickly found to be unworkable 
as college students just didn’t use those terms. An 
examination of actual terminology used led to substantial 

revisions which in turn permits much greater access to 

data. 
A related problem is serendipity. Occasionally a student 

request triggers the display of data apparently not intended. 
Early in the development, a data request which included the 

words “‘weather’’ and ‘‘mammoth” would trigger data on 
the eating habits of mammoths. Although the student 
apparently desired climatological data, he actually obtained 
data on eating habits of the mammoth. The problem was 
soon discovered: the word — eat — is embedded in the word 
weather. Although this problem of incorrect matching of 
requests with displayed data results from limitations on CAI 
language restrictions and programming skills, it none- 

theless simulates reality to some degree. The researcher 

always encounters data which: 1) he wasn’t looking for and 
2) are irrelevant to the hypotheses presently under 

investigation. The effect of unwanted but potentially useful 
information upon a student’s problem-solving strategy 

might be of considerable value. 

Utilization of Mammo 
Past and future utilization plans for Mammo include the: 

1) investigation of problem-solving skills and strategies 
(e.g., problem conceptualization and reconceptualization, 
hypothesis formation, data utilization); 2) study of problem- 
solvers’ behaviors in various prompting (environmental 

modes) modes; 3) comparsion of group and individual 
problem-solving behaviors; and 4) training of prospective 
and inservice science teachers in problem-solving skills. 

Presently two doctoral and one masters thesis are in 

progress as are minor revisions to the program. 

A second complex problem is being developed in order to 
provide an alternative format and serve as a criterion 

environment to investigate increases in problem-solving 

abilities or performance levels. 

Summary 
This paper describes a system of complex and scientific 

problem-solving in its most recent (but hopefully not final) 

stage of evolutionary development. A real world problem 
has been partially programmed into a computer program 

with two major modes. One presents the problem and 

assumes the student proceeds toward a solution ina more- 

or-less logical (i.e., non-random) fashion. The second mode 

attempts to guide the student into using certain strategies 
theoretically related to scientific problem-solving. 

The complex answer processing routine which borders 
on an artificial intelligence application simulates numerous 
aspects of real problem solving including the fact that the 
student never knows the complete domain of available data. 

Mammo has been used to train prospective science 

teachers and to study selected parameters of human 
problem-solving. It also serves as a vehicle to test the limits 
of technological devices in recognizing specific human 
thought patterns and responding intelligently to them. 
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Learning by Doing 
by Fred Gruenberger 

In a second, or intermediate, course in computing, the 

student should be lured (coerced, dragooned) into working 

on a term project, assigned at the start of the semester and 

due at final exam time. This should be a computer problem, 
preferably of the students’ own choice, done in workman- 
like manner to demonstrate that the student has learned 

something of the computing art. The final result should be 
packaged neatly, to include: 

1. An English statement of the problem. 

2. Flowcharts of the logic of the solution (or the 

equivalent of flowcharts, if the student prefers some 
other way of expressing his logic). 

Listings of the program. 

Results, clearly labelled. 

A test procedure and test results. 

ORO ee Conclusions (what was learned from the work; what 

would be done differently if the project were to be re- 
peated; limitations on the results; suggestions for 

further research, etc.). 

The packaged term project should be saved for use in 
eventual job interviews. 

Experience has shown that the student's chief problem is 
that of selecting the problem he intends to work on. In all 
likelihood, he has so far worked only on problems that were 

assigned (and hence clearly labelled computer problems), 
for which much of the analysis has already been done for 

him. 

There is usually a fair amount of panic at the time this as- 
signment is made, since it puts the student on his own for 

the first time. About a third of a typical class will suggest 
one of the following: 

1. “May | use a problem | did in my Fortran class last 
semester?” No, that problem was defined and 

analyzed for you, and the object now is to see how you 

do with a new problem. Further, you d/dthat problem; 
it’s time for you to do another one. 

2. “I've been assigned to a big problem at work; may | 
turn it in for this project?’’ No; that problem concerns 
your work; try an isolated problem here, one that you 

can deal with thoroughly and completely. (And ex- 
perience has shown that when this restriction is 

relaxed, the end result always seems to be someone 

else’s work, and the student can barely explain what 

went on.) 
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3. “| don’t know where to find a problem to work on.” 
Well, there are systematic collections of good 
problems; you might try browsing through Problems 

for Computer Solution (Gruenberger and Jaffray, 
Wiley, 1965) which outlines some 90 problems that 

would be suitable. The best problem is the one that 

interests you. 

4. ‘I'm a business (music, chemistry, ..., mathematics) 

major; I'll do a problem in business (music, chemistry, 

.., mathematics).” 

There’s the real problem. What is needed, early on inthe 

semester, is a proposal by the student of just what he 

intends to do, so that he can be saved from the extremes 

of plunging into a problem that is either trivial or too 

grandiose. In the former case, he will produce some- 
thing that requires /ittle or no knowledge of computing; 
in the latter case, he will look sad at final exam time 
(when the computing center is saturated) and wail that 

he needs just one more run of his program. 

The phrase ‘’a business problem” is rather vague. Anew 

attack on Bill of Materials scheduling? An inventory con- 
trol program for 10,000 line items? A table of base pay 
times hours worked? Or what? 

The trouble is, of course, that the whole idea is brand new 

to most students; he has never been placed inthe awkward 
position of making a selection that is within his own 
capabilities (indeed, he has probably never been told what 
constitutes a decent computer problem). Further, he has 

never had to define a probiem and outline an attack on it; 

this has been done for him for all of the 14 years he has 

been in school. It helps if he can see samples of what this is 
all about, so acollection of old term projects (both good ones 

and bad ones) should be made available to him. It would 

help even more if he could be shown some sample pro- 

posals. A few are given here. 

A comparison will be made between the Gauss-Seidel 
and Gauss elimination algorithms for the solution of 
simultaneous linear equations. Anumber of sets of six such 
equations will be constructed with known roots. Programs 
will be written in Fortran to solve such systems with the two 
algorithms, both in single and double precision. The solu- 
tions will be compared for the following: 

1. Computation time. 

2. Accuracy of the results. 
3. Compilation time. 

One of the sets of equations will involve a singular matrix, 
to determine how this condition is handled by the programs. 

A small inventory of 25 items will be set up, and daily 
changes to that inventory will serve as input to a program. 

The program is to update the inventory, and print a report 

showing, for each line item, the quantity on hand, items out 
of stock, reorder conditions, lead time to arrival of new 

stock, and those items requiring expediting. For the small 

inventory involved, all results will be hand calculated as a 

test of the logic. 

Reprinted with permission from Popular Computing, Vol. 3, No. 11. Copyright 

1975 Popular Computing, P.O. Box 272, Calabasas, CA 91302. 



The COBOL reference manual at our installation lists 58 
error messages for errors that can occur at compile time. A 
program will be written that will trigger each of these error 
messages. 

IV 

The melody of a song can be expressed as a series of 

numbers. The pitch of each note can be expressed by 
numbering the notes of the scale, and the duration of the 
note can be coded on a scale from 1 to 8. With a given 

melody so coded, an algorithm can be applied to it to trans- 
late it into a new melody. The simplest such algorithm 
would be to reflect each note around a middle value, to 
transform high notes into low notes and vice versa, leaving 
the duration of each note fixed. 

wd 

» 

Several algorithms will be devised, and applied to ten 

“standard” tunes. The resulting translated melodies will be 
played, and the most pleasing result will be recorded and 

submitted on a cassette as part of this project. 

V 

The Los Angeles 7imes prints about 500 column-inches 
of text each day in its main news section. Some of these 
inches can be identified as politically oriented: 

Favorable to Republicans. 

Unfavorable to Republicans. 
Favorable to Democrats. 
Unfavorable to Democrats. 

Favorable to third-party candidates. 

Unfavorable to third-party candidates. 

Completely neutral. QAnNMIOD> 
In theory, material that reflects the political leanings of 

the newspaper's editors should be confined to the editorial 
pages, and the news pages should be unbiassed. In 

practice, the amount of text space allotted to a candidate or 

a party reflects the paper’s views, however unconsciously. 
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The pages of each issue for the 8 weeks preceding the last 
general election will be examined, and a listing made of the 
column-inches in each of the first four categories given 
above, as objectively as possible. Ratios will be calculated of 

the following: 

A & A A A+D 
B D C B+C 

for each day, and progressive totalled for the 56 days. 
While this is not properly a computer problem (the small 

amount of arithmetic involved could easily be done by 
hand), the program will be useful for a much larger project 

jointly sponsored by the School of Journalism and the De- 
partment of Political Science. During the 12 weeks pre- 
ceding the coming presidential election, the ratios will be 

calculated and plotted for each of 15 leading newspapers 

across the country. 

Vi 

Attached is a diagram of the maze in the gardens at 
Hampton Court Palace, constructed in the reign of William 
lll. “The key to the centre is to go left on entering, then, on 

the first two occasions when there is an option, go right, but 

thereafter go left.” The maze exists today, and for 2p a 
visitor may enter the maze, seek the centre, and retrace his 

way out. 
Given a new maze, described in terms of the coordinates 

of the branch points, a program is to be written to explore 

the maze and output the directions for the choices to be 
made to proceed from the entry point either to the center or 
to a specified exit. The choices will be limited to two at each 

branch point. 

One test of the program will be the reproduction of the 
directions quoted above for the Hampton Court maze. The 

computer solution for the other mazes will be checked by 
hand. 

Centre 

Entry point 

Plan of the maze at Hampton Court Palace, England. The path to te 
followed is the black line. 

Vil 

If the numbers from 1 to 20 are permuted, what is the dis- 
tribution of runs up and runs down of the numbers? 
Consider the following possible permutations: 

8 91011 12 13 14 15 16 17 18 19 20 
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For A, there is just one run up, and none down, but for 
permutations taken at random, the chance of arrangement 
A is just 1 in 20!, or about 1 in 2.4 times 10 to the 18th 
power. 

For B, there are 10 runs up and 9 down, but this, too, isan 
unlikely arrangement. 

For C, there are two runs up and three down. 

For D, there are six runs up and five down. 

For E, there are seven runs up and six down. 

For F, there are seven runs up and six down. 

The complete distribution of all possibilities for all 20! 
permutations could be determined by theory. | propose to 
approximate the distribution by sampling random permuta- 
tions and counting the runs. 

In order to do this, | will need a random number gen- 
erator and an algorithm for forming random permutations. 
For the former, | will use the generator described on page 8 
of issue 21 of Popular Computing (my work will be done in 
Fortran). For the latter, one of the following schemes will be 
used: 

1. Generate an array of 40 numbers. In the even 

positions put the numbers from 1 to 20. In the odd 
positions, generate 20 random numbers. Then sort 
the 20 pairs, using the random numbers as the sort 
key. Although it is inefficient, | will bubble sort the 20 
pairs. After sorting, the right hand number in each 
pair of numbers will be a random permutation of the 
numbers from 1 to 20. 

2. Use the random number generator to generate 
integers in the range from 1 to 20, and let these 
integers be the subscripts for entries in an array of 
dimension 20. First zero out this array. Select ele- 
ments in the array by the choice of subscript. If the 
chosen element is zero, fill it with the next consecu- 
tive integer, starting with 1. If the element is not zero 
(i.e., it has already been selected), proceed to another 

element. When all the elements are filled, the array 
contains the desired random permutation. 

3. In the above scheme, the first 16 or so elements will 
be filled rapidly (that is, the condition of duplicates 

will not occur too often), but the last 4 or so may take 

an undue amount of time. A variation might be tried. 

Apply the scheme described until 16 elements are 
filled. Then insert the remaining four numbers into 
the four blank slots, picking one of 24 arrangements 
of those four positions at random, again using the 
random number generator. 

At least 1000 random permutations will be generated, 

and a distribution made of the lengths of the runs. This dis- 
tribution will be compared to the theoretical (if | can obtain 

that). The program will be generalized so that it can operate 
on dimensions other than 20. If time permits, runs will be 

made on permutations of 10 and 30 items. 

VII 

| would like to try to calculate the number (15000!). (I 

understand that the current record for factorials is 10000!, 
and that all the factorials by thousands are on file.) Even if | 

don’t succeed in obtaining the desired result, | believe that 
working on the project will be worthwhile, and | will be able 

to at least provide hints and suggestions for the next person 

who tries to break the record. 
Since this calculation will consume _ considerable 

amounts of machine time, | propose to calculate the follow- 

ing test data first: 

1. The exact number of expected digits. 
2. The number of low order zeros. 
3. Some of the high order digits, and some of the low 

order non-zero digits. 

In addition, | will use my program to calculate (and check 
with known results) 500!, 1000!, and 10000! before 
requesting a commitment of machine time for the longrun. 

| believe that | can hold intermediate results in storage by 

packing six decimal digits per machine word. | will need 
packing and unpacking subroutines, and a subroutine for 

decimal multiplication. | will test these subroutines before 

making any long runs. 

IX 

Problem H5 in Problems for Computer Solution calls for 
the creation of abstract paintings by a computer program. 

The program is to select the size and shape of various 
geometric figures and their position on a canvas. | wish to 
explore this notion extensively with the aid of the plotter 

now available, which should aid greatly in the mechanical 
chore of examining the program’s results. The plotter will 

allow up to three primary colors for the figures, and the 
choice of color will also be made by the program. The plotter 
routines also permit the figures to appear in outline form, or 
solid (filled in), as well as various degrees of cross-hatching. 

It is stated in Problem H5 that an important aspect of the 
problem is the determination of when to stop. | propose to 
put this decision into the program in terms of the area 

covered by the random figures. This will bea bit tricky, since 
the figures overlap. However, if the total area covered by the 
figures is limited to some fraction of the available area, with 
or without overlap, and this limit is a parameter of the pro- 
gram, then the program will be able to output finished art 

without intervention in any quantity. 
The ratio of successive terms of the Fibonacci sequence 

approximates the golden mean: 

1.5) 

2 

1.6180339887498948482045... ll 

Thus, we see 

144/89 = 1.6179775 

1597/987 = 1.6180344 

121393/75025 = 1.6180339886 

Using the EXACMATH package, | propose to write a pro- 
gram to generate successive terms of the Fibonacci se- 
quence, form the ratio, and determine to how many digits 
the ratio agrees with the golden mean. The limits of the 
EXACMATH package will let me carry these calculations to 

at least the 1000th term of the sequence. My output will be 
a table of values (term number against the number of digits 

of agreement) anda graph showing the rate of growth of the 
function being explored. 

X 

The Raindrop Problem, which appeared in issue 6 of 
Popular Computing, called for selecting a point at random in 
the unit square as the center of a circle whose radius is 
taken at random between zero and 1/2 unit. The problem 

asked for the number of such circles needed to completely 

cover the unit square. 

A crude solution will be attempted by subdividing the 
square into 400 smaller squares. A mathematical test can 

be devised to determine whether or not each of these 

smaller squares is covered by one of the circles. The results 
of 100 trials will be plotted, to obtain an approximation to 

the desired distribution. For a few of these trials, the 
method will be repeated with the large square subdivided 
into 900 smaller squares, to determine if the method could 
lead to a correct solution. @ 
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Could this be the answer to the need for a generalized form to present programs? 

ALGORITHMIC BASIC 

by Tom Allen 
P.O. Box 81 

Stevensville, Ml 49127 

Ed. Note: Recently | received a long letter from Tom Allen, 
most of which is reproduced below. If readers have 
reactions to the ideas put forth by Tom, please write him 
directly or send your thoughts to me at Creative Computing 
— DHA. 

| read the letters to the editor and the ‘On Computer 
Languages” article in the Sept.-Oct. issue with a great deal 
of interest. It occurs to me that the question of the ‘‘proper”’ 
language for the Creative Computing context may be an 
example of confusing the medium and the message. After 
all, a particular program, written in a particular program- 
ming language, is only an implementation of a much more 
general solution algorithm. No well-designed algorithm 
depends on a specific language of implementation for its 
success. Moreover, it seems to me that a clearly-stated 

algorithm would be useful to a much wider group of 
potential users than would an implementation in some 

specific language. For instance, the primary language of the 
realm in which | currently reside is COBOL, in an RJE 
environment. So, in order to gain access to any of the 
programs you list in Creative, | have to extract the algorithm 

from the BASIC program, clean it up, and then implement it 
in COBOL. That's a’lotta work! 

By way of translating these thoughts into something 
constructive, | have a suggestion to offer. Perhaps Creative 
could include a regular monthly column featuring the 
algorithm underlying some program appearing elsewhere 

in the issue or a program of wide-spread interest. Since I’ve 
spent a little time thinking about this idea, let me share 
some of those thoughts with you. First, it’s a half-baked 
idea; the part that’s still raw is the question of what 
language or meta-language should (or could) be used to 

state the algorithm. Tho there is an historic precedent for 
the use of ALGOL, my personal opinion is that this is acase 
of the cure being worse than the disease. And | don’t think 

the graphic flowcharting language is the answer because of 
problems in trying to shoehorn a flowchart into an 82x11 
format for printing. It seems to me, however, that the so- 
called pseudo-language which the structured programming 
boys have been fooling around with lately might just be 
the answer. Using this language invites the additional use 
of the top-down, structured approach to the design of the 
algorithm as an additional plus. Anyway, | think that the 
problem of a language for the statement of algorithms can 
be dealt with reasonably well. 

Getting algorithms out in the open so everybody can see 
them can produce another benefit as well. When the entire 
readership of Creative can see the algorithm, it then 
becomes possible for everybody to contribute to the 
refinement and generalization of an algorithm. As an 
example of this, I've been fooling around with a COBOL 
version of the Lunar Lander. Once | got the basic algorithm 
for the Lander out in the open, | began to see all sorts of 
extensions and generalizations that could be gotten almost 
for free with a suitable statement of a top-down, structured 

version of the algorithm. It also allowed me to ‘‘segregate”’ 
the physics behind the simulation ina very comfortable and 
understandable way. 
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The one facet of this idea which bothers me somewhat is 
a concern about the problems which the ‘‘typical”’ Creative 

reader/programmer might encounter in converting an 
algorithm into the program. The syntactical structures 
available in such languages as COBOL, ALGOL, and PL-I 
lend themselves easily to the implementation of a top- 
down, structured algorithm. This is less true of FORTRAN, 
and even less so of BASIC. Moreover, if one is using BASIC 
in a minicomputer environment (where else?), it is often 
necessary to be ‘‘tricky,’’ and parsimonious in one’s coding 

techniques so as not to exceed core limitations. Sometimes 
it’s damn difficult to be both elegant and stingy! 

So there’s the idea, for what it’s worth. I’d be most 
interested in your reactions. 

One last item: do you know of anybody whose got an 
algorithm of a good random number generator or an 
implementation thereof in a higher-level language — like 
COBOL, for instance. I’d sure rather get one ready-made 
than have to take the time to learn the theory necessary to 

develop one myself! 

Ed. Note: On receipt of the letter above, | replied to Tom 
encouraging him to pursue the idea further and possibly 

work out an example or two. A few weeks /ater, | received 
his reply. 

I've been doing considerable thinking since | wrote you 
last about the problem of expressing algorithms in a way 
that would be appropriate for Creative Computing. \'ve 

worked out an approach that feels pretty good to me; I’d be 
very interested in your reactions. 

My approach grew out of the thought that, even tho there 
are segments of the Creative Computing readership that do 
not wish to write programs in BASIC, it is none-the-less 
probably true that close to 100% of the readers can read and 
understand BASIC. Therefore, why not use a kind of 
“pseudo-BASIC” as an algorithm language? 

After some experimentation, I've roughed out some of the 
properties and guidelines for a ‘‘psuedo-BASIC” algorithm 

language. First, a major difference: no line numbers in 
pseudo-BASIC. Instead, I’ve gone to a section/paragraph 
structure very much like COBOL. This allows one to 
segment the logic blocks of an algorithm quite nicely and to 
name them in a very meaningful way. The scope of sections 
or paragraphs is just as in COBOL: the scope extends only to 
the next occurring section or paragraph name — nonesting 
of scopes. Statements which would normally take line 
numbers in their syntex (Such as GOTO, IF... THEN..., and 
GOSUB) now take paragraph names. 

Secondly, I’ve confined my use of BASIC to a set of ‘‘care”’ 
statements—no extended or generalized statements. My 
feeling here is that clarity and immediate understandability 
are more important than economy of expression. 

I've also tried, insofar as it is reasonable, to adhere to the 
spirit of structured programming: no superfluous GOTOs or 
multiple exits from a sub-process. Finally, I’ve tried to make 
consistant use of indenting in the writing of an algorithm, to 
exhibit the nesting and sub-process structure of the 
algorithm. I’ve also gotten in the habit of using a non- 
standard variable “REPLY” for YES/NO type responses 



trom a sub-process or the TTY—like a kind of special flip /flop 
arrangement. 

Rather than try to talk this thing to death, I’ve whipped up 
a few examples of the application of these ideas to some 
programs from previous issues of Creative Computing. 

This second example, an algorithm for NOT ONE, exhibits 
the power of an algorithmic approach. I’ve written the 
mainline algorithm (MAINLINE SECTION) in a rather 

general way. The number of rounds in a game is left open; 

the number of dice rolled and the number of sides ona die is 
left open; the identity of the two players is not assumed in 
the structure of the main algorithm. All of these game 
parameters are nailed down in the ALGORITHM-UTILITIES 
SECTION. Thus, the utilities section takes the form of 
“pluggable” modules which | can alter easily. | can, for 
instance, investigate the effect on the game of making 
PLAYER-1 the computer and PLAYER-2 the human—| 
suspect the human’s strategy would change under these 
conditions. | could give the algorithm to a student in an 
introductory course in probability and ask him to supply the 
data array for the INITIALIZE-PLAYER-2-STRATEGY; an 
obvious test of his understanding would be to let someone 
else attempt to beat his program. All sorts of other 

approaches to a strategy leap to mind; to test them, we set 

up the program with your strategy as an automated Player 1 
and my strategy as an automated Player 2, and let the 
program run off a few hundred games — whose strategy is 
best? What does ‘‘best’’ mean: short range success, long 
range success, or something else? This is the kind chain- 

reaction investigation that so excites me about working 
with algorithms instead of a specific program. So many 
possibilities leap right out at you from a well-designed 
algorithm. 

In any event, that’s where | have gotten to‘in the last few 
weeks. As | mentioned earlier, it feels pretty good to me, but 
it’s difficult to be completely objective about one’s own 
ideas; I’m looking forward eagerly to your reactions. There 
are a couple of aspects of my pseudo-BASIC that feel rough 
to me yet. One is the naming of variables— BASIC’s 
convention is alittle restrictive and, | think, tends to obscure 
the usage of a variable. The other area that has me really 
stumped right now is string handling and character 
manipulation. As a programming technique, BASIC’s string 
variable machinery may be adequate (tho | personally have 

never felt comfortable with that approach) but the same 
machinery (at the language level, of course) for the 
statement of algorithms doesn't please me at all. 

By the by, before | forget: you may indeed consider mea 
volunteer to extract algorithms from any programs you 
might care to send along. Inthis regard, I’m already working 
on an algorithm for LUNAR LANDER and all of the related 
programs. It'll be a while on that one, tho, because | want to 
make sure I’m on firm ground with my physical model first. 
Also, don't drop STAR TREK on me right away — I'm not 
sure I’m ready for a trauma of that magnitude just yet! 
Otherwise, let ‘er rip and we'll see what happens. 

If | can arrive at some sort of reasonable way to handle 

string variables in pseudo-BASIC, there are a couple of 
programs in my file that Id like to write up for publication. | 
wrote them initially a few years ago, but they need some 
cleaning-up and | don’t have access to BASIC now so I'd 
have to develop them as algorithms. One is a program that 
generates ‘‘plots’” for those horrible Japanese Sci-Fi 
movies that you see on TV in the wee hours of the morning. 
The other program came out of an interesting course in 
computational linguistics | took a few years ago. The 
program takes Spanish words and separates them into 
syllables. Turns out that syllabification in Spanish is a very 

regular, well-defined process. 
| think I’ve about run out of gas for now; looking forward to 

your reactions. 

Readers: it’s up to you. 
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Example #1 — GUESS A NUMBER 
“Guess a Number” is a program in which the computer 

chooses a number and the user tries to guess it in as few 
tries as possible. The computer tells the user after each 

guess whether it was high or low. 

Versions of the program have appeared in Creative 
Computing, Sep/Oct 1975 and Mar/Apr 1977 (see “A 
Musical Number Guessing Game” elsewhere in this issue), 
The Best of Creative Computing — Vol. 1, PCC, and What To 
Do After You Hit Return. 

MAINLINE SECTION. 
START-HERE. 

REM *** PRINT INSTRUCTIONS FOR GAME. 
GOSUB PRINT-INSTRUCTIONS 

GET-COMPUTER-NUMBER. 
REM *** COMPUTER “THINKS” OF A NUMBER, 
xX 
LET X= INT (100 #RND( ))+1 
PRINT “OK, | HAVE A NUMBER. START GUESS- 
ING.” 

HUMAN-GUESS. 
REM *** HUMAN MAKES A GUESS, G 
PRINT “WHAT IS YOUR GUESS?” 
INPUT G 

CHECK-GUESS. 
REM *** COMPARE GUESS TO TARGET 
IF G=X THEN GUESS-IS-CORRECT 
IF G V X THEN GUESS-IS-TOO-BIG 
GO TO GUESS-IS-TOO-SMALL 

GUESS-IS-TOO-SMALL. 
PRINT “TOO SMALL, TRY A LARGER NUMBER.” 
GO TO HUMAN-GUESS 

GUESS-IS-TOO-BIG. 
PRINT ‘TOO BIG, TRY A SMALLER NUMBER.” 
GO TO HUMAN-GUESS 

GUESS-IS-CORRECT. 
PRINT “YOU GUESSED IT! LET’S PLAY AGAIN.” 
GO TO GET-COMPUTER-NUMBER 

PROGRAM-UTILITIES SECTION. 
PRINT-iNSTRUCTIONS 

PRINT “HERE ARE PLAYING INSTRUCTIONS:”’ 

RETURN 

© CREATIVE COMPUTING 

“It makes everything easy as 3.1415926 ...” 



Example #2 — NOT ONE 
“Not One” was originally presented in Creative Com- 

puting, Nov/Dec 1974 and Mar/Apr 1975, but is now 
available in The Best of Creative Computing — Vol. 1 (pp 
252-253). 

The game consists of 10 rounds. On each turn a player 

rolls a pair of dice from 1 to N times. His score is the total of 

all rolls, however, if any roll equals the first roll on that turn, 
the turn ends with a score of 0. Amore complete description 

can be found in the above references. 

MAINLINE SECTION. 
BEGIN-GAME. 

REM *** INITIALIZE PLAYER’S TOTAL SCORES. 
LET P1=0 
LET P2 =0 

START-ROUND. j 
REM *** A ROUND CONSISTS OF 1 TURN FOR 
REM *** EACH PLAYER; THERE ARE R1 ROUNDS 
REM *** INA GAME 
FORR=1toR1 
PRINT “ROUND”; R 

PLAYER-1-TURN. 
REM *** PLAYER'S FIRST ROLL ESTABLISHES 
HIS 
REM *** TARGET NUMBER; PLAYER CRAPS OUT 
REM *** IF ANY SUBSEQUENT ROLL HITS THE 
TARGET. 
GOSUB INITIALIZE-PLAYER-1-STRATEGY 

PLAYER-1-FIRST-ROLL. 
REM *** ESTABLISH PLAYER 1 TARGET 
NUMBER. 
REM *** TOTAL OF ROLL IS RETURNED IN T. 
REM *** NUMBER OF DICE ROLLED IS IM- 
MATERIAL 
REM *** AT THIS LEVEL OF THE LOGIC. 
GOSUB ROLL-AND-TOTAL-DICE 
LET T1=T 
Deis t= 1 

PLAYER-1-SHOW-AND-TELL. 
REM *** PLAYER 1 IS TOLD THE RESULT OF 
REM *** THE ROLL AND ASKED WHAT HE 
WANTS 
REM *** TO DO NEXT. 
GOSUB TELL-PLAYER-1-THE-RESULT 
GOSUB ASK-PLAYER-1-WHAT-NEXT 
IF REPLY = “STOP” THEN PLAYER-1-TURN-ENDS 

PLAYER-1-ROLLS-AGAIN. 
REM *** PLAYER 1 HAS ELECTED TO CONTINUE 
GOSUB ROLL-AND-TOTAL-DICE 
IF T=T1 THEN PLAYER-1-CRAPS-OUT 
LETS1=S1+T 
GO TO PLAYER-1-SHOW-AND-TELL 

PLAYER-1-CRAPS-OUT. 
REM *** PLAYER 1 CRAPPED OUT; HIS SCORE 
REM *** FOR ROUND IS 0. 
LET S1=0 
GOSUB TELL-PLAYER-1-THE-RESULT 
GOSUB TELL-PLAYER-1-BAD-NEWS 

PLAYER-1-TURN-ENDS. 
REM *** PLAYER 1 HAS COMPLETED HIS TURN; 
REM *** UPDATE HIS SCORE. 
LET P1=P1+S1 

PLAYER-2-TURN 
REM *** THE ALGORITHM FOR PLAYER 2's 
TURN 
REM *** 1S THE SAME AS FOR PLAYER 1. 
GOSUB INITIALIZE-PLAYER-2-STRATEGY 

PLAYER-2-FIRST-ROLL. 
GOSUB ROLL-AND-TOTAL DICE 
LET T2=T 
LET. S20; 

PLAYER-2-SHOW-AND-TELL 
GOSUB TELL-PLAYER-2-THE-RESULT 
GOSUB ASK-PLAYER-2-WHAT-NEXT 
IF REPLY ="“STOP” THEN PLAYER-2-TURN-ENDS 

PLAYER-2-ROLLS-AGAIN. 
GOSUB ROLL-AND-TOTAL-DICE 
IF T=T2 THEN PLAYER-2-CRAPS-OUT 
LET S2=S2+T 
GO TO PLAYER-2-SHOW-AND-TELL 

PLAYER-2-CRAPS-OUT. 
LET S2=0 
GOSUB TELL-PLAYER-2-THE RESULT 
GOSUB TELL-PLAYER-2-BAD-NEWS 

PLAYER-2-TURN-ENDS. 
LET P2 = P2 +S2 

END-ROUND. 
GOSUB PRINT-SCORE-FOR-ROUND 
NEXT R 

END-OF-GAME. 
GOSUB PRINT-GAME-SCORE 
STOP 

ALGORITHM-UTILITIES SECTION. 
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INITIALIZE-PLAYER-1-STRATEGY. 
REM *** LET PLAYER 1 INITIALIZE HIS OWN 
STRATEGY 
RETURN 
ROLL-AND-TOTAL-DICE. 
REM *** ROLL 2 DICE, PASS TOTAL THROUGH 
VARIABLE T. 
LET D1 =INT(6 * RND()) +1 
LET D2 = INT (6 * RND())+1 
LETT =D1 +D2 
RETURN 

TELL-PLAYER-1-THE-RESULT 
PRINT T 
RETURN 

ASK-PLAYER-1-WHAT-NEXT. 
PRINT “STOP OR ROLL AGAIN?” 
INPUT REPLY 
RETURN 

TELL-PLAYER-1-BAD-NEWS. 
PRINT “YOU GET A ZERO FOR THIS ROUND.” 
RETURN 

INITIALIZE-PLAYER-2-STRATEGY. 
REM *** LOAD PROBABILITY VECTOR 
RESTORE 
FOR1=2T0 12 
READ Z(I) 
NEXT | 
RETURN 

TELL-PLAYER-2-THE-RESULT. 
RETURN 

ASK-PLAYER-2-WHAT-NEXT. 
LET Z (Io =Zi 12) eh 
IF Z (T2) 1 THEN PLAYER-2-STOPS 
PLAYER-2-GOES-AGAIN. 
LET REPLY = “GO” 
GO TO ASK-PLAYER-2-EXIT 
PLAYER-2-STOPS. 
LET REPLY = “STOP” 
ASK-PLAYER-2-EXIT. 
RETURN 

TELL-PLAYER-2-BAD-NEWS. 
RETURN 



Creative Programming Techniques. ... 

Be Shuffling Wt 
by John Jaworski 

Hatfield Polytechnic, England 

When faced with the problem of printing out the 
integers from 1 to 10 in a random order (without 
repetitions), the following program is an excellent example 
of how not to proceed: 

100 FOR!=1T0O 10 
110 N=INT(10*RND+1) 
120 PRINTN; 
130 NEXT | 
140 END 

As we are taking no precautions against repetitions, we 
can be almost certain to get some. In fact, if my rapid 
calculations are correct, the probability of getting what we 
are looking for is minute: 3.6 x 10° — rather less than 4 
correct solutions in 10,000 trials! 

Somewhat better, on the face of it, is the next 
example. Here we provide an array M, choose a random 

integer and only insert it into the array M when we have 
checked that this integer is not already present. 

Note that statment 100 is superfluous in the BASIC 
language, but it is as well to remind ourselves of the nature 
of M. 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 

DIM M(10) 
K=1 
N=INT(10* RND+1) 
FOR J=1 TOK 
IF M(J)=N THEN 120 
NEXT J 
M(K)=N 
K=K+1 
IF K< 11 THEN 120 
MAT PRINT M; 
END 

Unfortunately, while producing results, this is not at all 
economical on time. When the array is almost full, say with 
9 numbers inserted, there is in fact no choice at all for the 
last element, but only one chance in ten that statement 120 

will select the correct integer for us — 90% of the work 
done by the program at this stage is wasted. This of course 
is more acute when shuffling rather more integers! 

One rather more elegant method is the following: 
choose ten random rea/ numbers less than 1, using RND. 
Associate these with the ten integers 1 - 10 and then sort 
them into order, shifting the integers around at the same 
time: 

e.g. 

BEFORE AFTER 
Lp euO LS ee 0.0954 9 
2) 40.9317 0.1143 1 
3) 0:5120 0.2671 5 
4 0.3367 0.2758 i, 
5 0.2671 0.3154 10 
6 0.8815 0.3367 4 
7 0.2758 0.4186 8 
8 0.4186 0.5120 3 
9 0.0954 0.8815 6 

10 0.3154 0.9317 2 
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We can sort the real numbers by any sorting method 

we have found suitable. Here is a demonstration program 
that uses the ‘ripple’ sort (which you may know under 

some other name). 

100 DIM A(10), P(10) A contains the random 
110 FOR!I=1T0O10 numbers and P the inte- 
120 P(l) =1 gers that will eventually 
130 A(l)=RND be printed. This loop 
140 NEXT I sets up these arrays. 

150 L=10 The limit on compari- 
160 F=0 sons, L is set to 10, the 
170 |=1 flag is set and we begin 

Our comparisons at the 
beginning of the list. 

180 IF A(I) >A(I+1) THEN 260 compare _ adjacent 
numbers. 

190 T=A(I) if not in order, swap 
200 A(I) = A(I+1) Reo we 
210 A(l+1)=T 

220 T=P(I) ; 
230 P(I) = P(I+1) ... swap P's 
240 P(I+1)=T 

250 F=1 and set flag 

260 |=1+1 < 
270 IF I< L THEN 180 increment and branch back 

280 IF F=0 THEN 310 if in order, stop 

290 L=L-—1 
300 GOTO 160 
310 MAT PRINT P; 
340 END 

The last example underlines the fact that the more 
efficient and more elegant program is not always the 
simplest when written out. 

ACHTUNG! 

Alles Lookenspeepers 
DAS COMPUTENMACHINE IS NICHT FUR GE- 
FINGERPOKEN UND MITTENGRABBEN. IST 
EASY SCHNAPPEN DER SPRINGENWERK, 

MIT BLOWENFUSEN, UND POPPENCORKEN 
SPITZENSPARKEN. 

IST NICHT FUR GEWERKEN BY DAS DUMM- 
KOPFEN. DAS RUBBERNECKEN SIGHTSEEREN 
KEEPEN HANDS IN DAS POCKETS—RELAXEN 
UND WATCH DAS BLINKENLIGHTS. 



Creative Programming Techniques. .. 

A Crooked Shuffle 
A Case Study in Bebugging The Programmer 

Alan Filipski* 

In an article on shuffling in the Jan.-Feb. 1977 issue of 
Creative Computing, John Jaworski considered the problem of 
generating the numbers from 1 to N in a random order without 

repetition (a ‘random permutation’’). Both solutions given in 

that article have execution times on the order of N2, i.e. shuf- 

fling 10N items would take about 100 times as long as shuffling 
N items for large N. My first reaction was that there is an ob- 
vious way to shuffle in linear time (time proportional to N for 

large N). It turns out that there is indeed such a way, but we 

have to be a little careful about what is ‘‘obvious.”’ The fol- 

lowing account traces the development of such an algorithm, 

pointing out some tempting fallacies along the way. 

The germ of the idea is this: We first create an array con- 

taining the numbers from 1 to N in order. We then proceed to 

destroy that order by interchanging the contents of each loca- 

tion in turn with the contents of a location selected in some ran- 

dom fashion. To make this idea more precise, we could say 

1. Generate an array A containing the numbers from 1 to N 

in order. 

2. For eachi from 1 to N: 
Pick a random integer j between 1 and N and switch A; 

with Aj. 

Thus every item gets switched at least once and on the 

average twice. This would be easy to program and takes linear 

time to execute. The method obviously mixes things up so tho- 
roughly that we certainly must be getting random permu- 
tations. Of course, we could prove it if we wanted to, but proofs 

are just pedantic exercises, and besides, we have programming 

to do, right? Well, just for laughs, let’s try to prove that this 

algorithm does what we want. 

First, we should clarify exactly what we mean by the phrase 

“generating the numbers from 1 to N in a random order without 
repetition.” The “without repetition” criterion is easy to verify 
because it is a property which must apply to each sequence 

generated. The “random order” criterion requires a little more 
thought, since it is a notion which applies to the entire class of 

permutations generated, but not to any single permutation (at 

least not without arousing some statistical and philosophical 
demons who are better left undisturbed). As a definition of 

*Department of Mathematics, Central Michigan University, Mt. Pleasant, MI 
48859. 
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“random order’’ we might venture to say that the probability of 

the number | appearing in the J. position should be 1/N for all | 

and J between 1 and N. This insures that any number has an 

equal chance of appearing anywhere, so the program which 

satisfies this criterion must be generating all permutations at 
random, right? Wrong. Suppose N =3. Then the possible per- 

mutations are: 

P={1 2 3) P,=(2 1 3) Eg =tcieem! 

P,=(1 3 2) Po=(2 3 1) P.=(3 1 2) 

Consider a program which outputs P, or P, or Pe, each with 

probability 1/3. This satisfies our proposed criterion, but is ob- 
viously not what we mean by a random shuffle, because the 

probability of generaging P.,, P,, or P, is zero. This suggests 

that what we really want to say is that our program must gener- 

ate any permutation with equal probability (probability 1/n! in 

fact, since there are N! different permutations.) Now that we 

know what we want, let’s see how our program goes about 

producing it. 

Consider the case when N=3. The program starts with P,. 
The first interchange transforms it to either Be Po, or P, mth 

probability 1/3 each. Two more interchanges are then per- 
formed on the result giving the final permutation. Since we 

have three choices at each of the stages, there is a total of 27 

equally likely series of interchanges. Of course, some sequences 

of interchanges must produce the same result since only six dif- 

ferent permutations are possible. We can represent these suc- 

cessive transformations by a tree as follows: 

(eee 

Vale ee ans 
LIN TINS TAN 7 Nea TAN Ne Ne il Ne 
652341514341652425425163236 

We note that at the final level, Jt P., and Pe occur four times 

each, while Po, Pee and Pe occur five times each. The latter are 

therefore more likely to be generated than the former. Of cour- 

se, if we were smart, we could have foreseen trouble just be ob- 
serving that 6 does not divide 27 evenly. 

So it appears that our algorithm does a rather slipshod shuf- 
fle. Well, what now? Is the idea bankrupt? Maybe noit. Consider 



fA modification of the technique: We start with the array A,, 
ae -Ay containing the numbers from 1 through N in ie 

e begin as before by interchanging A, with the contents of a 
randomly selected location. We now want to set A, equal to 

one of the remaining items. This is the key to the rehabilitation 
of the algorithm. We accomplish this by selecting a random in- 

teger J between 2 and N and interchanging the contents of A 
with A ,. Continuing in this way, our algorithm now becomes: 

1. Generate an array A containing the numbers from 1 to N 
in order. 

2. For eachi from 1 to N: Pick a random integer j between i 
and N and switch A. with A.. 

If we now display the situation for N =3 in terms of our treee, 

If we now display the situation for N =3 in terms of our tree, we 
have: 

‘ 

ak Wo AK 
a x / SK a ~~ 

17 “4 2° ‘5 3 =6 

which is exactly what we want, generating each permutation 
with probability 1/n!. We can now implement the algorithm 
with the following program: 

100 DIM M(52) 
110 LET N=52 
120 FORI|=1TON 
130 LET M(I) =| 
140 NEXT | 
150 FOR|=1TON-1 
160 LET J =INT(RND(0)*(N-I + 1)) +1 
170 LET T = Mii) 
180 LET M(I) =M(J) 
190 LET M(J) =T 
200 NEXT | 
210 MAT PRINT M; 
220 END 

Thus we arrive at an efficient and simple solution to the origi- 

nal problem. As you may have guessed, however, the point of 

this paper is not the presentation of a shuffling algorithm which 

works in linear time (which can be found, for example, in 

Knuth’s Seminumerical Algorithms) but rather an illustration of 

potential traps along the path of algorithm development. If you 

had (as | did) a tendency to swallow the argument that the first 

version of the algorithm ‘‘mixes things up so thoroughly that we 

must be getting random permutations,’’ you have a bug in your 

quantitative intuition. This sort of bug is more insidious than 

any program bug since it potentially affects any algorithm you 

might develop. The existence of such bugs is not often pub- 

licized since it is ever the wont of mathematicians to display 

their creations in the austere beauty of their perfected form and 

to be ashamed of the false starts and jumpted conclusions along 

the way. (The exception here is the ‘‘paradox” which Is such a 

dramatic and epidemic bug that it has entertainment value.) 

If we are to make progress in exorcising these bugs, it be- 

hooves us to stop at least and recognize them for what they are. 

In the future, would we be more suspicious of a line like the 

“mix-em-up’’ argument? Is it clear that the picture of the tree 

leads to a proof in the case of the revised algorithm? Is it reason- 

able that N =3 should yield a sufficiently general example to dis- 

credit the first algorithm, but that N =2 should not? The consi- 

deration of such questions would be a first step in the debug- 

ging of the programmer. B 
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Shuffling Revisited 
The article on ‘‘Shuffling,’’ in the Jan-Feb issue (page 77) 

drew a large response from readers who offered shorter or 
‘‘more elegant’’ ways of solving the problem. Here are a few 
of the letters: 

*“More Elegant’’ 
Dear Editor: 

John Jaworski’s article, ‘‘SHUFFLING’’, in the January- 
February issue contains a minor error in statement 180. The > 
symbol will produce a descending sort rather than the ascend- 
ing sort shown in the before-and-after example. This has no 
real effect on the outcome except to reverse the order of the 
randomized integers. 
Shown below are two routines which are more elegant than 

the shuffling technique (from the standpoint of requiring less 
iterations for a typical run and being more concise in code 
length): 

The first uses a search technique borrowed from hashing 
algorithms rather than performing a sort. 
100 DIM A(10), P(10) 
110 FOR I= 1TO10 
120 A(I) =I 
130 NEXT I 

A contains a table of in- 
tegers, P will contain the in- 
tegers in random sequence. 
The first loop puts the in- 

140 FORI = 1TO 10 tegers in A. 

150 J = INT (10*RND + 1) Generate a random integer 

a eee Eee use this integer to access A 

180 IF J< 11 THEN 160 Scan through A until you 
190J = 1 find an integer which has not 

200 GO TO 160 been used yet. 

Place the next integer in the 
210 PD) = AQ) output table and remove this 

a ie ty integer from A 

240 MAT PRINT P Print P when all integers are 

250 END moved. 

The second routine shows hew this same function appears 
in APL: 

David D. Keefe 
Tillson, NY 

**Kach Loop Used Only Once’’ 
Dear Editor: 
On reading ‘‘Shuffling’’ by Jaworski in Creative Program- 

ming Techniques, January-February 1977 issue, I notice a sort 
is required. For longer lists, this can be a time-consuming 
routine. Here is a routine to shuffle 52 cards in one pass. 
Cards are picked one at a time and each of the remaining 
cards has an equal chance of being picked. 
100 DIM M(S2) 
11ON=52 
120 FORI=1 TON 
130 M(I)=I1 Enter numbers | to N in list 
140 NEXT I in order. 

150 FORI=1 to N-1 
160 R=(N+1-I)*RND(1) 
170 R=INT(R) + I 
180 T=M(R) 
190 M(R) = M(I) 
200 M(I) = T 
210 NEXT I 

Pick number R between I and 
N. 

Exchange entries I and R. 

Each loop is used only once. 
James Murphy 

Associate Professor 
California State College, 

San Bernadino, CA 92407 



**Simpler and Smaller’’ 
Dear Editor: 

The article by John Jaworski on ‘‘Shuffling’’ was very in- 
teresting. However, I am unimpressed by the little ‘‘moral’’ at 
the end. Several years ago I constructed a card-shuffling pro- 
gram based on an explanation of permutation theory based on 
a mail-clerk and pigeon holes. I don’t remember the source of 
the explanation or its precise details, but I do remember the 
algorithm. Translated to BASIC it looks something like this: 
DIM M(10) 
FORI = 1T0O10 Initialize the array-—this step 
M(I) = I is only required once and the 
NEXT I program can be used to 

generate as many permuta- 
tions as you wish. 

FOR J = 1to9 
K it) 
L=INT ((11-J)*RND + 1) 
MCs) = M(L+J-1) 
M(L) = K 
NEXT J 

As you can see, the algorithm chooses each element of the 
permutation randomly from the numbers not previously 
chosen. The advantages over sorting are: (1) less memory is 
required (only one vector instead of 2), (2) fewer exchanges 
per permutation (no sorting program can beat N-—1 con- 
sistently), (3) no comparisons at all and (4) the program 
itself is much simpler and smaller. 

The January February issue was my first experience of your 
magazine—I enjoyed it thoroughly! Keep on computing! 

Dean Ritchie 
Systems Programming Manager 

Computing Center 
Washington State University 

Pullman, WA 99163 

““Requires Less Memory and Time’”’ 
Dear Editor: 

This letter could be headed ‘‘A Better Way to Shuffle.”’ I 
was disappointed to see that John Jaworski omitted one easy 
shuffling technique—random indexing—from his treatment 
of BASIC programming, and wish to fill the void. To shuffle 
an array using random indexing is to choose elements by using 
random numbers to calculate addresses. The following 
BASIC statement will calculate the address of one of an N- 
element array with subscripts ranging from 1 to N. If your 
BASIC interpreter recognizes the zeroth element of an array, 
then the statement will have to be changed to avoid wasting an 
array element. 

I = INT(N*RND(O)+ 1) 
After the Ith element is removed from the array and stored 

in a safe location, the array is packed by moving the top 
elements down one space, and N is decremented by 1. Another 
element is selected using the same method, and the process 
repeated until the array is used up. You might think two large 
arrays would be needed, one to hold the source array of 
elements, and one to hold the shuffled array, but that isn’t so. 
Remember that after the Ith element was selected, the remain- 
ing elements were packed together to eliminate the gap. That 
left a gap at the top of the array where the element would fit 
nicely. Packing the array isn’t difficult, either. Because the 
shuffled array is supposed to be in random sequence, it really 
doesn’t matter what order the source array is in. To pack the 
array, remove the unselected upper element from the top of 
the array and plug the gap. Putting it all together for a pro- 
gram to print nine digit numbers, with no two digits the same, 
yields the following BASIC code: 
100 DIM A(9) 
200 REM FILL THE ARRAY WITH 
300 REM THE DIGITS FROM 1 
400 REM TO 9 
500 FORI = 1TO9 
600 LET A(I) = 
700 NEXT I 
800 REM THE SHUFFLING ROUTINE 
900 FORI = 9TO2STEP —1 
1000 LET J = INT(UI*RND(0) + 1) 
1100 IF J>I THEN 1000 

1200 LETT = A(J) 
1300 LET AJ) = AQ) 
1400 LET AQ) = 
1500 NEXT I 
1600 FORT = 1TO9 
1700 PRINT A(I) 
1800 NEXT I 
1900 END 

This program requires less memory and time than the 
routines provided by Mr. Jaworski. Speed and space-saving 
are important, especially in a program like BLACKJACK 
which shuffles a 52-card deck several times. 

William R. Hamblen 
946 Evans Rd. 

Nashville, TN 37204 

“At Random” 

Dear Editor: 
While looking through the January/February Creative 

Computing, | noticed the ‘‘Shuffling’’ article (J. Jaworski, 
p.77), thought, ‘‘There, but for the grace of Iverson, goes 
10710,’’ and turned the page. But then, upon a closer reading 
of the magazine, I discovered the same technique advocated on 
the very facing page! And with the same ineluctable bubble 
sort! This was too much. Even with a good sort, the program 
is inefficient. The obvious way to shuffle 10 or any number of 
n numbers is: a) pick one at random b) pick one of those re- 
maining c) continue until none are left. Since the two sets, 
picked and unpicked, will always total 10 (or however many) 
numbers, we just move the boundary through the array, ex- 
changing the number whose place we want with the one we 
wish to put there. BASICly: 
100 DIM A(10) Anise 2 ae LOE 
110 FOR I=1 TO 10 
120 A(I) =I 
130 NEXT I 
140 FORI=1TO9 
ISO K=1+INT (RND*{11-I]) 

Tis the boundary. 
K is arandom number 

160 T= A(I) from I to 10. 
170 A(I) = A(K) Exchange 
180 A(K) =T 
190 NEXT I 
200 MAT PRINT A; Done. 
210 END 

Using the sorting method squares the time (depending on 
the sort) and doubles the space (code and arrays) that the pro- 
gram requires. 

J. Storrs Hall 
New Brunswick, NJ 

“Faster” 

Dear Editor: 
I read the article in January/February Creative Computing 

on Shuffling numbers. 
| have a program which also shuffles numbers, which is sim- 

plat to program and executes faster than the program in the ar- 
ticle. 
I want to share it with your readers. 

10 RANDOMIZE 
100 DIM A(10, P(10) 
110 FOR l=1 TO 10 
120 LET A(I =I 
130 NEXT I 
140 FOR l=1T0O 10 
180 LET T=INT((11-I)*RND) + 1 
160 LET P(I) = A(T) 
170 LET A(T) = A(11-I) 
I80NEXT I 
190 MAT PRINT P; 
200 END 

Elliott Werner 
ARCDATA Systems 

66-51 Booth Street 
Rego Park, NY 11374 



GRID 
ADDRESSING 

by 
Gerard Akkerhuis 

US Dependent Schools, European Area 
APO New York 09175 

Grid addressing is a technique which has many 
applications in contemporary technology. An understand- 
ing of this method erases part of the mystery which 

surrounds the computer’s instantaneous manipulation of 

both instructions and data through only data. 
A fictitious kitchen grid will be used to illustrate the 

concept of grid addressing. A bachelor enjoyed waking to a 
warm room filled with soft music. He would rise, shave, 

* have eggs, coffee, toast, and run the dishwasher. Then he 
would read the paper and watch the TV Morning Show. 
When he left the house for work, his answering service 
monitored his telephone calls. 

After work the bachelor checked his answering service 
and listened to music while he shaved. Then he ate, ran the 
dishwasher, read the evening paper, watched the late 

show, had toast and milk, and went to bed with the heat 
turned down. 

If the bachelor’s appliance grid is that shown in the figure 
and if half of the electricity required to operate an appliance 
went up the vertical line and half across the horizontal line, 

what numbers would he give his grid for his morning 
program and what numbers would he give his grid for his 
evening program? We've filled in the first four morning 
operations in the grid (memory). Can you fill in the rest? 

*When | was inEurope at the 2nd World Computers in Education Conference 

in September 1975, Sam Calvin and Gerard Akkerhuis were kind enough to 
give Sandy and | lodging and ‘guide service” in the Frankfurt area. Gerard 
also gave me a wealth of outstanding material that he wrote for use in the 
USDESEA schools. Unfortunately, much of it is geared to the Interdata 7/16, 
a not-very-common computer in schools and homes. However, as we get the 
material generalized, it will appear on these pages (eventually). — DHA 

TEC: 
ANS. 

SERVICE 
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JJ J&T! 
OO TTT 

(1) Joe, Jack, John and Tom live one on each 

floor of a four-story apartment. 

(2) Their ages are 10, 9, 8, 5, but not necessarily 

in that order. 

(3) Joe lives directly above the 9-year-old and 
directly below the 8-year-old. 

(4) Jack has to pass by the 5-year-old to leave 
the building from his apartment. 

(5) Jack is more than one floor away from Tom, 
who is more than one year younger than Jack. 

Find the ages and on which floor each of the boys| 

lives. 

DISH 

WASHER 

TOASTER 



Find the Presidents and Vice-Presidents 

of the United States 

Names of the first 37 Presidents and 30 Vice-Presidents 
of the United States can be found among these letters. The 
name of each is hidden either forward, backward, up, down, 

or diagonally. Names appearing more than once on the list 
appear as many times in the matrix, for example. Johnson 

appears three times. (One multiple name appears only 

once, however, which one?) 
Computer programs have been written to hide names ina 

matrix. Can you write such a program? Using one (or by 
hand) can you pack the names any more efficiently than is 
done here (using fewer total matrix elements — square or 

rectangular)? 
Computer programs have also been written to locate 

names in a matrix. If you were to write such a program, 
what is the best search technique? There are many and the 
problem is no easier than finding an efficient sorting 

method. 
Lastly, how can the matrix here be modified to hide the 

name of our latest president and vice-president, CARTER 

and MONDALE by changing as few letters as possible? 

Robe Dryer ebek 

OSKCIRDNE@OBARDCLRSKNABRIAF 

Cee OeheNe heh Gero bel iheheh Wel GD TORN: iekKeC Bk ROB 

Ko teeete cet Ue MA NeP "RoE W OCHPN eS 1 BE COA Lob AW 

VV eCnOnbene An P LO CoS Hh oY A Hed S°O NOOO SaN HO = 

R 
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Presidents 

WASHINGTON 
ADAMS 
JEFFERSON 
MADISON 
MONROE 
ADAMS 
JACKSON 
VAN BUREN 
HARRISON 
TYLER 
POLK 
TAYLOR 
FILLMORE 
PIERCE 
BUCHANAN 
LINCOLN 
JOHNSON 
GRANT 
HAYES 
GARFIELD 
ARTHUR 
CLEVELAND 
HARRISON 
MCKINLEY 
ROOSEVELT 
TAFT 
WILSON 
HARDING 
COOLIDGE 
HOOVER 
ROOSEVELT 
TRUMAN 
EISENHOWER 
KENNEDY 
JOHNSON 
NIXON 
FORD 

Vice Presidents 

BURR 
CLINTON 
GERRY 
TOMPKINS 
CALHOUN 
JOHNSON 
DALLAS 
KING 
BRECKINRIDGE 
HAMLIN 
COLFAX 
WILSON 
WHEELER 
HENDRICKS 
MORTON 
STEVENSON 
HOBART 
FAIRBANKS 
SHERMAN 
MARSHALL 
DAWES 
CURTIS 
GARNER 
WALLACE 
BARKLEY 
NIXON 
HUMPHREY 
AGNEW 
FORD 
ROCKEFELLER 



This is the first in a series of articles about strategies or 
approaches for solving practical problems on the computer. 
Readers will find the heuristics and rules of thumb 
discussed in these articles are independent of subject 
matter and of great value in solving all types of program- 
ming problems from simple to very complex. —DHA. 

THINKING STRATEGIES WITH 
THE COMPUTER: INFERENCE 

Donald T. Piele and Larry E. Wood* 

Experience in solving problems and experience in 
watching other people solve problems must be the 
basis on which heuristic is built. 

G. Polya 

Some 32 years ago, in 1945, George Polya published a 
little book called How To Solve /t. Judging from the title, 
one might expect to find inside special techniques and 
sure-fire algorithms that guarantee solutions to specific 
problems. But this is not what Polya’s book is about. 
Instead, it is packed full of ideas and ‘rules of thumb’ that 
are useful in attacking any type of problem but do not 
guarantee a solution to any specific one. Polya’s methods, 

which he labels heuristic, are derived from the experience 
of good problem solvers and are characterized by their 
generality, their independence of subject matter, and their 
common sense. 

Inspired by the work of Polya and recent advances in the 
field of artificial intelligence (e.g. Newell and Simon, 
1972), Wayne Wickelgren published a similar book, How 
To Solve Problems in 1974. This book contains detailed 
explanations of several general problem solving strategies 
along with puzzles and games to illustrate each strategy. 
Puzzles are well suited for the task because they require 
the same logical thinking processes as problems in any 
subject area but they do not require any special 
knowledge. Their only drawback is that people sometimes 
refuse to take them seriously. They fail to see any 

connection between the thinking skills needed to solve a 
frivolous puzzle and those needed to solve more practical 
problems. 

Recently, we have been studying the problem solving 
strategies of Polya and Wicxelgren and have been 
extremely impressed with their generality and power. In 
preparation for a course on Thinking Strategies at UW- 
Parkside, we have collected many examples of puzzles 
and games from the pages of such classic works as The 
Moscow Puzzles, and Mathematical Puzzles of Sam Lloyd 
for use in practicing each strategy. Now we are exploring 
ways in which computer programming can be incor- 
porated with these skills to solve even more complex 
problems. We would like to share some of our ideas in a 
series of articles for Creative Computing demonstrating 
the added power of heuristic problem solving skills when 
used in conjunction with the computer. 

*University of Wisconsin-Parkside, Kenosha, Wisconsin 53140 

Inference 
In this first article, we will discuss the strategy of 

inference. Webster’s New Collegiate Dictionary defines 
inference as “a logical conclusion from given data or 
premises, a judgment derived by reasoning or implica- 
tion.” As a heuristic problem solving tool, inference is 
more broadly defined to include meanings such as 
explicitly stating information that is implicit in the 
problem, making deductions and inductions, and 
generating and testing hypotheses. Viewed in this 
expanded sense, inference becomes a basic component 

of most problems. Indeed, it is difficult to imagine how any 
problem could be solved without it. As an example, 
consider the following problem. 

PIGS AND CHICKENS 
A boy and his sister visited a farm where they sawa 
pen filled with pigs and chickens. When they 
returned home, the boy observed that there were 18 
animals in all, and his sister reported that she had 
counted a total of 50 legs. How many pigs were 
there in the pen? 

The first step in solving any problem is to fully understand 
what is implied in the problem as well as what is explicitly 
stated. For example, in the pigs and chickens problem itis 
assumed one knows that pigs have four legs and chickens 
have only two. This may seem trivial, but if the problem 
were posed with kangaroos and emus, the same inference 
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might be obvious only to an Australian problem solver. 
The next step is to deduce relationships that may exist 
between elements of the problem. For example, the total of 
50 legs is equal to the number of pigs times four plus the 
number of chickens times two. Also, the pigs plus the 
chickens equals 18 animals. At this stage, anyone with a 
knowledge of algebra would probably symbolize the 
above relationships in two algebraic equations (e.g., 
P+C=18 and 4P+2C=50) and solve for the number of 
pigs. This is certainly a familiar way to solve story 
problems, but for the purpose of emphasizing the 
usefulness of inference let’s see how an Australian 
problem-solver might attack the same problem if it were 
posed with kangaroos and emus. 

One usually visualizes a kangaroo resting on its hind 
legs with its smaller front legs in the air. An emu (which 
resembles a large turkey) has only two legs. Thus an 
Australian might easily infer that with 18 kangaroos and 
emus, a total of 36 legs are on the ground. Since there are 
50 legs in all, there must be 14 legs in the air, which belong 
to exactly 7 kangaroos. Such a simple solution is very 
unlikely to occur to someone when the problem is posed 
with pigs and chickens, but what is to prevent pigs from 
standing on their hind legs—at least in our minds? It is 
probably true that the less likely we are to make a 
particular inference, the more likely we are to label it 
insight. However, in this problem, it may be more 
appropriate to call it hind-sight! 

As illustrated in the pigs and chickens problem, drawing 
inferences depends heavily upon prior experience. 
Therefore, it may be difficult to make critical inferences 

with complex problems or with problems from an area 
unfamiliar to the problem solver. To overcome this 

difficulty, the computer can be avery effective tool. With it, 
one can rapidly generate important information related to 
a problem, which can serve as a basis for formulating and 
testing hypotheses about a solution. We shall illustrate 
this with the following example from the field of music 
theory. 

The Nun’s Fiddle 
The Greek mathematician, Pythagoras, first discovered 

a basic relationship between musical harmony and 
number. This relationship is briefly explained by Helm 
(1967). 

“Pluck a stretched string of any length and allow it to 
vibrate; it will sound a certain pitch. Allow only half 
of it to vibrate and the pitch will rise an octave. If two- 
thirds of the string vibrates, the pitch will rise a fifth 
above the one produced by the total length. For 
instance, if the total length produces C, two-thirds of 

the string will produce G. (The interval C-G is called 
a fifth because five lines and spaces on the musical 
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staff are traversed in going from one to the other, 

counting C and G.) Three-fourths of the string will 

yield a pitch a fourth higher than the total length (F, if 

the total yields C) and so on. In time the fractions 

become more complex and the two _ notes 
represented by the resulting intervals become more 
dissonant if they are sounded together.” 

The discovery that pleasing cords correspond to exact 
divisions of a string by whole numbers had mystic 
overtones for the Pythagoreans. They inferred that if 
nature and number corresponded harmoniously in music 
it must be true that a single order, expressible in number 
and ratio, governed all the rhythms of nature. This led to 
the myth that the orbits of all heavenly bodies were related 
by musical intervals. “The movement of the heavens were, 
for them, the music of the spheres” (Bronowski, 1973). 
Gradually over the centuries certain ratios corresponding 
to musical intervals became the basis of traditional 
Western music. Silver (1971) explains: 

The satisfying intervals were derived from natural 
harmonics, the frequencies of which are related to 
the natural number series 1:2:3. ... Successive ratios 
1:2, 2:3, 3:4...were favored. The lower ratios are 

pleasing; the higher ones tend to harshness and - 
eventually become unacceptable. Certain ratios, 
although within the range of acceptable harshness, 
are regularly rejected, e.g., 6:7, 7:8, 10:11, 11:12.... 
There is no obvious reason for this empirical fact. 
However, an analysis of a large amount of material 
discloses that the ear prefers the following finite set 
called the superparticular ratios: 

1:2 octave 8:9 major tone 
2:3 perfect fifth 9:10 lesser tone 
3:4 perfect fourth 15:16 diatonic semitone 
4:5 major third 24:25 chromatic semitone 
5:6 minor third 80:81 comma of Didymus 

The relation of music to number expressed by the super- 
particular ratios is very beautiful, and a complete 
understanding of this relationship may even convince you 
that it is divinely inspired. The superparticular ratios are 
examined with the aid of the tromba marina, a late 
medieval bowed instrument with a single string. The 
instrument was frequently used by nuns and hence the 
German name Nonnengeige or nun’s fiddle. 

NUN’S FIDDLE 
The superparticular ratios in music are related to 
the prime numbers and can be defined by two 
simple properties. Find these properties and prove 
that they characterize the superparticular ratios 
uniquely. 

Comma. of Didymus 
Chromatic Semtone 
Diatamic Semitone 
Lesser Tone 

D Major Tone 
Eb Minor Third 
E Major Third 
F Perfect Fourth 
G Rerfect Fifth 
C Octave 



The first part of this problem can be answered by writing 
each whole number in a superparticular ratio in terms of its 
prime factors, i.e. 4= 2, 6=2+3, 8=23, 9=32, 10=2°5, 
15=3°5, 16=24, 24=23-3, 25=5?, 80=24-5, 81=34. One can 
infer that two properties characterize these ratios: (1) 
Each number is of the form 28355¢ where a,b,c 0, and 
(2) the numbers in each ratio differ by one. The difficult 

question is whether these two properties determine the 
superparticular ratios uniquely. Expressed another way, is 
it true that if a ratio of two whole numbers satisfies 
conditions (1) and (2) then it must be one of the 10 super- 
particular ratios? This statement is, in fact, true, and it was 
first proved by Stormer (1897). More recently it was re- 
examined by Halsey and Hewitt (1972). However, to 
understand the formal proof requires a considerable 
amount of mathematical expertize. In contrast, it is quite 
easy to write a computer program to generate successive 
numbers of the form 28355 from which a number of 
inferences can be made. Of course these inferences do not 
represent a strict proof but at least they increase one’s 
understanding of the problem to the point where a proof 
may be easier to discover. 

Program FIDDLE was written to do precisely that— 
fiddle around. It allows one to specify a set of primes p,, pz 

Pk from which consecutive whole numbers are 
generated which have these primes as their only factors. In 
the sample run the primes 2,3,5 are specified, and all 
numbers, up to 1000, which have these primes as their only 
factors and which differ by one are printed out. What we 
observe are precisely the numbers in the superparticular 
ratios. 

Conclusion 
Our ability to make inferences in problem solving is 

strongly dependent upon our past experience as il- 
lustrated in the pigs and chickens problem. We can 
overcome this difficulty in many instances by using the 
computer to generate information to enrich our un- 
derstanding of a variety of problems—even those which 
are not ‘divinely inspired.’ 

Post Script 
What are the superparticular ratios for the primes 2,3,5 

and 7? The answer may surprise you! Be patient; there are 
23 ratios. Also, what can you infer about superparticular 

ratios relative to any set of primes that does not contain 2? 
Perhaps we have not gone far enough, and there exists two 
consecutive numbers beyond 1000 of the form 2a3b5c. 
Because a computer is limited to calculating a finite 
number of cases, it is impossible to absolutely rule this 
out. However, one can generate more evidence to weaken 
the case by observing the sequence of differences 
between successive numbers that are of the form 243b5C, 
This information is also shown in the sample run. 
Although the differences are not constantly increasing, at 
least they appear to be moving toward higher and higher 
values. This information prompted the authors to conjec- 
ture that for any specified distance d, successive terms of 
the form 24355C will eventually all differ by at least d. 
Shortly thereafter we found it had been proved 
mathematically by Stormer (1898) for any number of 

specified primes. 

LIST 

FIDDLE PROGRAM 

FIDDLE 

10 FRINT “THIS FROGRAM CAN BE USEI! TO STUDY SUPERPARTICULAR® 

20 PRINT “RATIOS RELATIVE TO ANY SPECIFIED SET OF PRIMES. * 

30) FRINT 
40 PRINT * HOW MANY FRIMES TO YOL! WANT YO SPECIFY? 

SO INFUT K 
60 PRINT “WHICH ONES ARE THEY (SMALLEST ONE FIRST) *s 

70 MAT INPUT FCKI 
80 PRINT * HOW HIGH ['O YOU WANT TO SEARCH "+ 

90 INFUT M 

100 FRINT 
110 FRINT "THE SUPFERFARTICULAR RATIOS UP TO*#M 

THIS FROGRAM CAN KE USED 

PRINT “FOR THE SPECIFIED PRIMES ARE: * 

PRINT 

DIM 
J=0 

Y=1 

X=PC1] 

N=X 
FOR I=1 TO K 
IF N/PCIV#INT(N/FCII) THEN 230 

N=N/PCII 
GOTO 200 

NEXT I 

IF N#1 THEN 300 

J=Jt1 

nC J1=xX-Y 
IF X-Y#i THEN 290 

PRINT Yo |X 

Y=X 
X=X+1 

IF X<M THEN 180 

PRINT LIN(2) 
PRINT “THE DIFFERENCES BETWEEN SUCCESSIVE INTEGERS UF TO*#M 
PRINT *WITH THE GIVEN PRIMES AS THEIR ONLY FACTORS ARE: * 

PRINT 
FOR I=1 TO J 
PRINT DCII¢ 

NEXT I 
PRINT LIN(2) 

END 

r£1000) 

SAMPLE RUN 

TO STULY SUFERFPARTICULAR 
RATIOS RELATIVE TO ANY SPECIFIEL SET OF FRIMES, 

HOW MANY PRIMES [10 YOU WANT 
WHICH ONES ARE THEY (SMALLEST 

THE SUPERFARTICULAR RATIOS UF 

FOR THE SPECIFIED 

OnKwomnewnre osu 

THE DIFFERENCES BETWEEN 

WITH THE GIVEN PRIMES AS 

DAW WR 

UONE 
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TO SPECIFY ¢3 
ONE FIRST) ?29395 

HOW HIGH Ii0 YOU WANT TO SEARCH 71000 

TO 1000 

PRIMES ARE? 

iy 2 
/ 3 

“Y 4 

/ S 
if 6 

UA o 
Uf 10 
vA 16 
Vi 25 

fi 81 

SUCCESSIVE 

THETR 

INTEGERS UF 

QNLY FACTORS ARF? 

TO 1000 

1 j 1 1 % ‘ 
4 1 4 4 3 2 4 

4 8 3 a] L v7 é 4 8 12 5 

7 9. 4 10 @ 18 abe 3 14 7, 1S 

? 6 14 138 Lie 20 4 a4 1S y, 14 

27 18 30) 4 14 1° R 44 24 25 is 

ENE, 45 oe 21 18 52 10 SA KS 40 1 



FLOWCHART 

INPUT PRIMES 

LOOP 2 

J=J+1 
D(J)=X-Y 

REFERENCES 

PRINT Y/X 

FLOWCHART NOTES 

1. P(1), P(2), ... P(K) are the K specified primes. 

2. Mis the specified limit up to which the search is carried out. 

3. Y and X store successive integers which have the specified 

primes as their only factors. J counts the numbers of such 

integers up to M. 

4. Loop 1 checks each integer N for prime factors from the 

specified list. 

5. If N has only these primes as factors then it is stored in X. 

6. The difference between successive integers which have the 
specified primes as their only factors is stored in D(J). 

7. If the difference D(J) = 1 then Y/X is a superparticular ratio 
relative to the set of primes P(1), P(2), ... P(K) and is printed 

out. 

8. Loop 2 checks consecutive integers until the limit M is 
reached. 

9. The differences defined in 6 are printed out. 

PRINT 
DIFFERENCES 
D(1),. DU 

Bronowski, J. The Ascent of Man, Little, Brown and 

Company, 1973. 

Halsey, G.D., and Hewitt, Edwin. “More on the Super- 
particular Ratios in Music,” American Mathematical 
Monthly, 79:1096-1100; December, 1972. 

Helm, E.E. “The Vibrating String of the Pythagoreans,” 
Scientific American, 217:92-103; December, 1967. 

Polya, G. How To Solve /t. Princeton University Press, gees: 
1945. 

Silver, A.L. Leigh. “Musimatics or The Nun’s Fiddle,” 

American Mathematical Monthly, 78:351-57; April, o 
1971. 

Stormer, Carl. “Quelques theoremes sur l’equation de 000000 
Pell x?- Dy?=1 et leurs applications.” Skrifter Viden- — 
skabsselskabet (Christiania) |, Mat.-Naturv. K1., no. 2 
(1898), 752-754. Nigro 

Wickelgren, Wayne A. How To Solve Problems. W.H. oo Os 
Freeman and Company, San Francisco, 1974. 
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THINKING STRATEGIES WITH 
THE COMPUTER: 

WORKING BACKWARD 

D.T. Piele and L.E. Wood* 

“The so-called ‘Treasury of Analysis’ is, to put it shortly, a 

special body of doctrine for the use of those who, after 

having studied the ordinary Elements, are desirious of 

acquiring the ability to solve problems.” 

Pappus, Book VI// 

Mathematical Collection 

Pappus of Alexandria, who lived at the end of the third 

century A.D., wrote a comprehensive guidebook and 

commentary onthe geometrical works of the great Greek 

mathematicians Pythagorus, Euclid, Archimedes, and 

Apollonius—to name a few. His Mathematical Collection 
consists of eight books describing the important develop- 

ments of the classical Greek geometers and is punctuated 

with numerous original propositions, improvements, and 

historical original propositions, improvements, and his- 

torical comments of his own. Book VII is historically very 

important because it collects together the fundamental 

discoveries of Greek geometers into a “Treasury of 

Analysis” which, after Euclid’s Elements, became essen- 

tial reading for serious mathematicians of the day. The 

“Treasury” is also valuable as an early source for heuristic 

problem-solving strategies. The strategies of ana/ys/s and 

synthesis are particularly significant because together 

they constitute the earliest known description of the 

problem-solving strategy known today as working back- 

ward. 
“ for in analysis we assume that which is sought as if it 

were already done, and we inquire what It is from which 

this results, and again what is the antecedent cause of the 

latter, andso on, until, by soretracing out steps, we come 

upon something already known or belonging to the class 

of first principles, and such a method we call analysis as 

being solution backwards. 

_ “But in synthesis, reversing the process, we take as 

already done that which was last arrived at in the analysis 

and, by arranging in their natural order as consequences 

what before were antecedents, and successively connect- 
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ing them one with another, we arrive finally at the 

construction of that which was sought; and this we call 

synthesis.” (7) 

Working Backward 

In this second article on problem-solving, we will 

discuss strategy of working backward. Any solution to a 

problem can be thought of as a path that leads from the 
given information to the goal. The point Pappus emphasiz- 

ed was that in cases where the goal is known or can be 

assumed known, it may be easier to start at the goal and 

work backward to the initial state (analysis). Once this is 

accomplished, the solution is simply the same series of 

steps in reverse (synthesis). As an example, consider the 

following problem. 

MATCHING COINS 
Three men agree to match coins for money. They each flip 
a coin and the one who fails to match the other two is the 
loser. The loser must double the amount of money that 
each opponent has at that time. After three games, each 
player has lost once, and has $24. How much did each 
man begin with? 



The end result in this problem is known — all three 
players end up with $24. The initial state can be found by 

working backward one game at a time. For example, since 

each player had $24 after the 3rd game, the two winners 
of this game (who doubled their money) must have had 

$12 each at the end of the 2nd game. In order to pay each 
winner $12 and still end up with $24, the loser of this 
game must have had $48. Thus the distribution of money 
among the three players after the 2nd game has been 
determined. In a similar fashion one can continue working 

backward to reach the initial state. 

If we let P1, P2 and P3 represent the players who lost the 

first, second, and third games respectively, then Figure 1 

shows the distribution of money between the three 

players at each stage constructed by working backward. 

States Players 

Pi P2 Pa 

After 3rd game $24 $24 $24 
After 2nd game $12 $12 $48 
After 1st game $ 6 $42 $24 
Initial State $39 $21 $12 

Figure 1. Solution to Matching Coins 

Note that in this probiem the path from the goal back to 
the initial state is uniquely determined; thus at each state 
in the solution, the previous state is forced upon us by the 

conditions of the problem. By working backward, we were 
able to arrive at the solution directiy without any detours. 
This property is illustrated in Figure 2. 

We turn now to a more complex problem where the 

strategy of working backward is not necessary but where it 
can be used very effectively in a computer program. 

FIVE SAILORS AND A MONKEY 
Five sailors and a monkey were on an island. One evening 
the sailors rounded up all the coconuts they could find and 

put them in one large pile. Being exhausted from working 
so hard, they decided to wait and divide them up equally in 
the morning. During the night, a sailor awoke and 
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separated the nuts into five equal piles, with one left over 

which he gave to the monkey: He took one pile, hid it, 

pushed the other four together and went back to his 
hammock. He was followed in turn by the other four 

sailors, each of whom did exactly the same thing. Next 
morning the remaining nuts were divided equally with one 
remaining nut going to the monkey. What is the least 
number of coconuts they could have begun with? 

Philip W. Brashear (1) derived an elegant algebraic 
solution to this problem which solves it for any number of 

sailors. Unfortunately, to conceive such a solution requires 
a high level of mathematical maturity. But with a computer 

handy and an understanding of the strategy of working 
backward, a solution is relatively easy to find. 

rd 
os 

Figure ‘2 An illustration of working backward 

Consider the general problem where S is the number of 

sailors on the island andA is the number of coconuts that 
each sailor received in the final division of the pile. Since 
one coconut was given to the monkey at every division, 

the total number of coconuts left in the morning is SA +1. 

But this pile came from pushing together S - 1 equal piles. 

Thus, the key condition that must hold is for (S*A +1) (S - 

1) to be an integer K, which represents the number of 
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coconuts that the last sailor stole from a pile of S*K +1 
coconuts. But this pile is the result of pushing together S - 

1 equal piles by the previous theif so again (S*K +1) (S-1) 
is an integer as we move back through all S raids on the 

pile. This idea is explained further in the flowchart and 

notes which accompany the SAILOR program. 

Conclusion 
From textbooks, it is easy to get the impression that 

there is only one way to solve a problem. The trouble is, 
our memory soon gets overloaded trying to remember 

which solution goes with which problem and vice-versa. 
On top of that, what should you do if classical algebraic or 
analytical techniques become awkward and difficult to 
solve? Quit? Never!!! Learn a few simple problem solving 
skills and start cracking some tough coconuts with the 
computer. 

Postscript 
The algebraic solution to this problem is given by S(S+1)- 

(S-1). Thus for S larger than 5, the program given here 
takes an appreciable amount of time to get an answer. Are 

there ways to make the program more efficient? 
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IIlustrations drawn by Robert Schroeter, a student at 

UW-Parkside. 

SAILOR PROGRAM 

100 FRINT “THIS FROGRAM SOLVES THE SAILORS ANT* 

110 FRINT "MONKEY FROBLEM BY WORKING BACKWARDS. * 

130 PRINT "HOW MANY SAILORS ARE THERE ON THE ISLANI! °5 

140 INFUT S 

180 NO 
190 IF (SkK4+1)/(S-1)=INTC(CSHK41)/(S-1)) THEN 220 
200 A=At1 
210 GOTO 170 
220 N=Nt1 
230 K=(SkK+1)/(S-1) 
240 IF N=S THEN 260 
250 GOTO 190 
260 FRINT "THE LEAST NUMBER OF COCONUTS THAT*S 
270 FRINT “SAILORS CAN BEGIN WITH IS*SkK+1 

280 FRINT 
290 FRINT *IN THE MORNING, EACH SAILOR GETS*A 

300 END 

Flowchart Notes 
1. S is the number of sailors on the island. 

2. A= 1 is the initial value for the morning share. 

3. K is an integer. 

4. Nis a counter for loop 2. 

5. (S-K + 1) (S- 1) is the number of coconuts stolen by 
sailor number (S - N) the night before. 

6. The value of Ais increased by 1 in loop 1 until it reaches 
a number for the final share that could have come from a 

pile formed by pushing together S-1 equal shares. 

7. Loop 2 checks to see when a number is reached for the 
final share that can survive being pushed back through S 

consecutive raids and regroupings and still give integers at 

each stage. 

8. The print-out gives the number of sailors, the least 
number of coconuts they could have begun with, and the 

share each sailor received in the morning. 

FLOWCHART 

INPUT 

SAILORS 

5 

SAMPLE RUN 
THIS FROGRAM SOLVES THE SAILORS AND 
MONKEY FROBLEM BY WORKING BACKWARDS. 

HOW MANY SAILORS ARE THERE ON THE ISLAND 75 

THE LEAST NUMBER OF COCONUTS THAT 5S 

SAILORS CAN BEGIN WITH IS 15621 

IN THE MORNING, EACH SAILOR GETS 1023 

DONE 
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Third in a series, this article shows how to 

break a problem into simpler subproblems. 

THINKING STRATEGIES WITH 

THE COMPUTER: SUBGOALS 

Donald T. Piele and Larry E. Wood* 

Nothing is more important than to see the sources of 

invention which are, in my opinion, more interesting 

than the inventions themselves. 

Leibnitz 

One of the earliest and most famous problems in the field 

of topology (a branch of geometry) is the four-color problem. 

Conjectured by the English mathematician Francis Guthrie 

in 1850, it states that any map ona plane or a sphere can be 

colored with at most four coiors so that any two countries 

that share a common boundary are colored differently. All 
attempts to prove this conjecture had been unsuccessful 

until last year when it was announced by kenneth Apple and 

Wolfgang Haken of the University of Illinois that it was 
indeed true. While listening to Professor Haken outline the 

proof at arecent colloquium, we were struck by his frequent 
use of clearly defined problem-solving strategies. Of 

paramount importance was the strategy of subgoals. After 

the problem had been represented in the rich lanquage of 

graph theory, it was broken down into 1,930 subproblems 

each of which could be routinely solvedonacomputer. After 

1,200 hours of computer time, the announcement was 
made, as anyone knows who has recently received a letter 
postmarked from the Mathematics Department at the 
University of Illinois. 
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Subgoals 
Basically, the method of subgoals consists of breaking a 

problem into simpler subproblems, solving each part, and 

regrouping the parts to solve the original problem. We often 

attack problems this way without thinking of itasa particular 

strategy since it seems so obvious. However, when we 
identify this strategy in a variety of problems, we learn how 

to use it much more effectively. As an example, consider the 

following balance problem (from Moscow Puzzles). How 

many glasses will balance a bottle? 

Bg A, eT ae 
From the informationgiven, itis apparentthatthe solution 

will require several step or subgoals. If we spend a few 

moments actively searching for appropriate subgoals, the 

solution can be obtained easily. From B, it is obvious that a 

bottle weighs as muchas aglass plus a plate, so to solve the 
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problem it is sufficient to repiace the plate by-its equivalent 

weight in glasses. Thus, obtaining a balance between 

glasses and oneplate is a useful subgoal. This relationshipis 

not given explicitly in A, Bor Csoitis necessary toestablisha 

second subgoal. One possibility is to replace the two 

pitchers in balance C with glasses and plates. When this 

second subgoal is achieved, it is possible to reduce the 

number of plates on both sides until the first subgoal is 

achieved. The complete solution is: 

alee 
As arule, subgoals are easier to attain thanthe entire goal, 

and this problemis no exception. Adding aglassto both sides 
of B yields the balance D. CombiningthisrelationshipwithA 

shows that one plate and two glasses balances a pitcher. 

Hence, the two pitchers in C may be replaced with 

equivalent plates and glasses as shown inE. This solves the 

second subproblem which leads to the solution of the first 

subproblem F and the main problem G. 
We next turn to an application of the subgoal strategy 

where recursive relationships can be used. Polya (1957) 

advises, ‘‘If you can't solve the problem posed, try to solvea 

simpler related problem.’ Many times the solutions to 

simpler problems may be combined and expanded in a 

recursive way to solve the original problem. As an example, 

consider the following AMAZE problem. A mouse enters a 

maze in search of a piece of cheese. There are infinitely 

many paths the mouse could follow but only a finite number 

will lead the mouse closer to the goal with every step. How 
many such paths are there? 
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A poor way to attach this problem is to try to trace all the 
distinct routes and add them up. A better way isto buildfrom 

simpler subproblems by placing the cheese at any one of the 

14 other intersections. These arecertainlyrelatedproblems 

since any path that leads to the upper-right-hand corner 
must pass through a sequence of intersections. Also, the 

solutions for the simpler problems can be obtained through 

recursive relationships. There are two AMAZing things 
about solving the problem this way. Thefirst is thatitis really 

unnecessary to trace all of the paths to count them, andthe 

second is that anyone could solve the probiem this way in 

five minutes or less. For example, the number of paths that 
lead to intersection A, shown in the next figure, isthe sum of 
the number of paths that lead to B, C and D because the only 

routes to A are through those intersections. The number of 
paths to each intersection is found recursively by starting in 

the lower left hand corner of the figure and moving to the 
upper right hand corner. As the problem is stated, there are 

53 different paths the rat could take to the cheese. 

A classic example of the use of recursively defined 

subgoals appears in the solution to the Tower of Brahma 

(Hanoi) puzzle (see Creative Computing, January-February, 

1976 and Wickelgren, 1974). 

Change for a Dollar 
There are many ways, similar to those above, to apply the 

subgoal strategy to sole problemswith the aid of acomputer. 

A good example appears in the solution to the DOLLAR 

problem posed for Creative Computing by Brian Hess(1976): 
How many ways can you change a dollar bill? 

Begin the solution by searching for ways to divide the 

problem into a set of smaller subproblems, each of which is 
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easier to solve. One way to do this is illustrated by the tree 

diagram: 

od 

Subproblem 
H=1 

Subproblem Subproblem 

H=0 
H=2 

The main problem is broken up into three subproblems: 

the number of ways of making change for one dollar using, 
1. No half dollars (H =O), 

2. One half dollar (H = 1), or. 

3. Two half dollars (H = 2). 

The last problem is trivial (only one way), while the other 

two need to be broken down further. This is done by dividing 

the remaining money into quarters and considering 

subproblems that specify the number of quarters (Q) used. 

Continuing on to lower denominations, subgoals are 
established that specify dimes (D), and nickels (N). As the 

number of subproblems is expanded, each one becomes 

easier to solve. In fact, with this problem, subgoals are 
reached which can be solvedin only one way. For example, if 

H=1,Q=1,D=2, andN =O, then the pennies (P) must equal 

five in order to total up to one dollar. 

While it is possible to continue the tree diagram.in the 

figure by hand, it is very laborious to do so. However, it is a 
simple matter to program the computer to keeptrack of each 

subproblem with nothing more than nested loops. To 
demonstrate this, program DOLLAR was written so that 

each loop breaks the main problem down according to the 

scheme shown in the figure. Notice that at the quarter stage 

Q and thereafter, adjustments are made on the limits of the 

loops depending on how much money is left to change. For 

example, if H = 1 the only possible subgoals for quarters are 

Q=0,1,o0r2 but not 3 or 4. Also, notice thatthereisnoneedto 

test combinations of coins to see whether they add up to 

$1.00. Simply counting the number of subgoals is sufficient 
since each one can be solved in only one way, (i.e., once 

H,Q,D, andN are specifiedthenP must equal 100-50H-250- 

10D-5N). 

Recursion Relationships 

Another way to attack this problem was suggested. by 

Polya (1957) and uses recursion relationships in a similar 

way to that shown in the solution to AMAZE. Begin by 

defining quantities which represent the number of ways to 
make change for n cents using specified coins. 

A, only pennies 

B, nickles and pennies 

B, nickles and pennies 

C, dimes, nickels, and pennies 

D, quarters, dimes, nickles, and pennies 

E, half dollars, quarters, dimes, nickels, and pennies 

The problem is to find E, for n= 100. 

We can distinguish two cases in making change forn 

cents: 
1. No half dollars are used, inwhichcaseD, isthe number of 

ways to change ncents, or 

2. One or more half dollars are used. After one half dollar is 
paid, there remains n - 50 cents to pay which can be done in 

E,-50 ways. 



Since these two cases are mutually exclusive, we can infer 
that 

E, = Dn + En-s0, 
Similarly, 

Dn=C, + Dn-25 

Ch = BntCp-10 

Bn =An + Bn-s5 

Now we begin with the simplest cases and build uptoE 00 . 
First of all, it is easy to understand why Eo = 1. From above, 
when'n = 50, Eso =Ds0 + Eo, and it is possible to make 
change for 50 cents only one more way if half dollars are 
allowed. Therefore Eo =1. Likewise, we can argue that Do = 
Co = Bo =Ao =1. It is also true that An = 1 for all values of n 
since there is only one way to make change using only 
pennies. We are now ready to apply the recursive 
relationships to solve the original problem. This is the 
strategy followed in program CHANGE which also has the 
added advantage that it can count the number of wasy of 
making change (with coins) for any specified number of 

cents, n. 

Conclusion 
Forming subgoals is certainly one of the more common 

problem-solving strategies. Mathematical induction, 
recursion, and tree diagrams all contribute to its versatility. 
When used in conjuction with the computer, this strategy 

promises applications for solving old problems in new syas 
and for solving new problems in ways yet to be discovered. 

Postscript 
The Dollar Problem has been around for some time and 

can be solved using analytical techniques. Kac and Ulam 

(1968) discuss asolutiontothis problem using power series. 
Specifically, if 

Tel ean llecteeXecre iets Xicats Xierte 

IN (Dc) an lactone LOersxa pata 

D(x) = 1 + x10 + x20 + x30 + x40. 
OYG)) = 1) se eso ae eel) ais hae 
H(x) = 1 + x59 x100 + x1504. 

then the product series 7r(x) = P(x)N(x)D(x)Q(x)H(x) is the key 

to finding the number of ways of making change for ncents. 

For example, the coefficient of the term x'°° in the product 

series 7r(x) is the number of waysto makechange for adollar 

bill. Note, x10 and this product 

corresponds to making change for one dollar using a half 

dollar (x°°), a quarter (x25), two dimes (x2°), anickel(x°)andno 

pennies (1) and at the same time contributes 1 to the 

coefficient of x'°° in the product series m(x). However, 

finding this coefficient by power-series analysis is very 

tedious and requires a high degree of mathematical 

sophistication. On the other hand, by making this 

connection between the coefficients of 74 (x) and changing 

money, we can turn the table around and use program 

CHANGE to compute the coefficients for the product series 
7 (x) very quickly. 

Suppose we expand AMAZE so that a computer program 

would be necessary for finding a solution quickly. Can you 

write a program that will handle any specified arrangement 

of blocks, some which have alleys? If a certain proportion of 

the blocks has alleys, how should be blocks be arranged so 
that the number of paths to the goal is maximized? 

Russian coins made of copper and nickel come in 

denominations of 10, 15, 20, 50, and 100 kopecks (100 
kopecks = one ruble). Copper-zinc coins come in 

denominations of 1,2,3, and 5 kopecks. How many waysare 

there to make change for one ruble? 
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CHANGE PROGRAM 
PRINT "PROGRAM CHANGE COMPUTES THE NUMBER OF WAYS OF MAKING* 
PRINT “CHANGE IN COINS FOR ANY AMOUNT OF MONEY UP TO $5,.00,° 
PRINT 
DIM AC1013-/BC1013*/CC1013+001013+EC101]3 
PRINT "HOW MUCH LO YOU WANT TO CHANGE?* 
PRINT “INPUT ® AS DOLLARS. CENTS *¢ 
INPUT C 
M=INT(20C) 41 
AC1I=H017=CC1I=NC1I=EC1I=1 
FOR j=2 TO M 
ACJI=1 
RCJIJ2ACJI+BCJ-1) 
CCJI=BCII 
IF J <= 2 THEN 160 
CCJI=BCIJI+CCJ-2) 
pCJIJ=CCJI 
IF J “= 5 THEN 190 
DCJI=CCII+DCI-SI 
ECJ1=DCJN] 
IF J <= 10 THEN 220 
ECJI=DCJI+ECIJ-10] 
NEXT J 
PRINT 
PRINT "YOU CAN MAKE CHANGE FOR $ ‘SC 
PRINT "IN “SECMI#*DIFFERENT WAYS.* 
END 

CHANGE FLOWCHART 

START 

Input Money $ 
in Dollars. Cents 

Transform $ into 
Nickels M 

Initialize Ay =SB= GoDog T 
and A,=1 e for afl nie 

Increment on the Nickels 
J=1 to M 

Apply recursion relationships 

noun 

than a dime) 
than a quarter) 
than a half dollar) 

STOP 



SAMPLE RUN 
FROGRAM CHANGE COMPUTES “THE NUMBER OF WAYS OF MAKING 
CHANGE IN COINS FOR ANY AMOUNT OF MONEY UP TO $5.00, 

HOW MUCH DO YOU WANT TO CHANGE? 
INFUT $ AS DOLLARS. CENTS 75,00 

YOU CAN MAKE CHANGE FOR $ 5 
IN S9S76 DIFFERENT WAYS. 

DONE 

DOLLAR PROGRAM 
10 REM 

20 REM 

30 C=0 
40 FOR 

SO FOR 

H TO 2 

Q 
60 FOR D 

N 

1 

TO 4-2*H 
TO 

TO oooo nH On 70 FOR 
80 
90 
100 
110 
120 
130 
140 

NEXT N 
NEXT BD 

NEXT Q 
NEXT H 

END 

*XHKXPROGRAM DOLLAR COMPUTES THE NUMBER OF WAYS OF 
HKHXMAKING CHANGE FOR ONE DOLLAR, 

10-SxH-.5*Q 

20-10XH-S*Q-2xD 

PRINT “THERE ARE*Cs*DIFFERENT WAYS TO CHANGE A DOLLAR BILL.* 

SAMPLE RUN 

THERE ARE 292 

DONE 

DIFFERENT WAYS TO CHANGE A DOLLAR BILL. 

RAILROAD TALK 

Starting this year, all the nation’s 
railroad cars, from engine to caboose, will 
have one thing in common. All will have a 

12x26 inch color coded information sign 
attached to their sides. 

Chances are, you've probably seen 

these labels on boxcar sides already, and 
if you are like most people, thought 
nothing of them. If However, you were 
inquisitive, and tried to ‘break the code”, 
you'd find it next to impossible without a 

book, as, unlike languages, where certain 
vowels, words, and phrases are used 

more often than others, no two cars can 
have the same identification or con- 
figuration. Because of this seemingly 
disarray of patterns, people tend to think 
of them as some sort of decoration. 

Nothing, of course, could be further 
from the truth. Every color, every com- 

bination of colors, and every position has 

a meaning. Every one of the thirteen 
printed modules in a placement is signifi- 

cant to a photometric scanner. 

Recorded in the placements are four 

pieces of vital information; the first being, 
type of equipment. This can be anything 

from a locomotive on down, including the 
piggyback trailers and containers. Next 
comes the equipment owner, a Serial 

number, and a validation check to verify 

that all the information is correct. 
Because the system is based on the 

principle of geometric progression, (that 

is 1-2-4-8-16-32, instead of 1,2,3,4,5,) it 

Tom Korb 

is virtually foolproof. In the split second 
that it takes a railcar to pass by ascanner, 

a computer translates the colored 

modules into numbers. The numbers are 
then multiplied by varying degrees up to 
the ninth power, added together, and 

then divided, to get a verification. lf any of 
the modules are ripped off or transposed, 
the computation will be different than the 
validation check, and the computer will 

notify the railroad immediately of a dis- 
crepancy. 

The amazing part of this system, called 

AUTOMATIC CAR IDENTIFICATION, 
(ACI) is the fact that no train will have to 

be sidetracked to have a man do acar-by- 
car physical check on them. This will all 

be done automatically by scanners at 

checkpoints across the country, and the 
results put into a central memory bank, 

where any railroad can get instant 
information on their cars. 

To the rail companies, this means huge 
savings of both time and money. There 

will be no more “‘lost”’ rolling stock. All 
equipment will be accounted for, and 
shipments can be traced on a day by day 
movement basis. Rush freight can truly 
be rushed now, as the precise location of 
cars will be known instantly, just by 
dialing in the central computer. 

To you and me, this will mean faster 
delivery of goods. Ordered merchandise 
will get to us faster, and the fresh fruit 
and vegetables at the store will probably 
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be just a little bit fresher. New jobs will be 
opening up as the system is expanded. 

Computer technicians and repair men 

will be needed as equipment is added and 
replaced. As always, there will be a need 

for railroad engineers; but these 
engineers will be working with slide rules 
instead of throttles, like Casey Jones did 
back in the all but forgotten era of steam. 

CAR SIGN 

This placement is saying to a scanner computer, “| 

am a caboose belonging to the Chicago and North 

Western. This is my serial number, and validation 

check.” 



Random, systematic and guided trial-and-error strategies 

are described in this fourth article in the series 

Thinking Strategies 
with the Computer: 

Trial-and-10113 

Donald T. Piele and Larry E. Wood* 

What is the difference between a method and a 
device? A method is a device which you use twice.” 

G. Polya 

In the course of our formal education, we are taught a 
great variety of devices for solving problems that have 
already been neatly grouped together at the end of each 
chapter of a textbook. Typical examples of these devices 
are formulas, equations, rules, and theorems which are 
studied for the purpose of attacking certain types of 
problems. After a careful study of these specific 
techniques, exams are given to test our ability to recall 
them. But what do you do when you are faced with the 
more realistic situation of not being told what device is 
likely to solve a problem or, worse yet, of having 
forgotten how to use a technique altogether? Is all hope 
lost? Of course not, although many students, by the time 
they reach college, believe that it is. 

At the beginning of each semester, we like to ask the 
students in our freshman and sophomore classes to try to 
solve a favorite problem of ours by any method they can. 
It is the Pigs and Chickens problem which appeared in 
our first article on Thinking Strategies (Piele & Wood, 
1977). 

PIGS AND CHICKENS 

A boy and his sister visited a farm where they sawa 
pen filled with pigs and chickens. When they 
returned home, the boy observed that there were 18 

animals in all, and his sister reported that she had 

counted a total of 50 legs. How many pigs were 
there in the pen? 

Typically the response to this problem is as follows: 
approximately 40% of the students don’t know how to 
begin because they haven’t studied any specific methods 
for this problem, 25% recognize that the problem could 
be solved with two equations and two unknowns but have 

forgotten how to do it, 25% can set up the two equations 
and get a solution, and 10% quickly try a few numbers 

and get the answer by trial-and-error in two or three tries. 
On the other hand, when we give the same problem to 
elementary-school children who know nothing about two 

*University of Wisconsin-Parkside, Kenosha, Wisconsin 53141. 
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equations and two unknowns and again ask them to solve 
it using any method they choose, they turn to trial-and- 
error very naturally and a higher percentage answer it. 

What does this all mean? To us it indicates that in the 
teaching of mathematical and scientific problem-solving 
in school we overemphasize the memorization of specific 
devices and techniques for attacking problems, and we 
underemphasize some very simple and powerful problem 
solving strategies useful for a variety of problems. In this 
article on general problem-solving strategies, we would 
like to turn the tables around and elaborate on the strategy 
of trial-and-error, which is always available but seldom 

used to its full potential. It is often frowned upon in school 
because it is thought to be a lazy approach which requires 
very little thinking. But with the computer available, trial- 
and-error takes on a whole new dimension which we will 
only begin to explore here. 

taxes problem 

The strategy of trial-and-error can be used in a number 
of different ways, which we will illustrate with the following 
problem about income taxes. 



TAXES IN TAXES??? 

Naturally, many people believe that rich people 
should pay more taxes than poor people, since the 
wealthier ones have more money. But sometimes 
this policy is carried to extremes. In one place | 
recently heard of, the tax rate was made the same as 

the number of thousands of dollars a person earns. 
For example, if a person earns $6,000, then his tax 
rate is 6% of that. But if a person earns $92,000, then 
his taxes are a whopping 92% of that. 
What income between $1 and $100,000 would 

leave you the most money after taxes? 

One way to solve this problem is random trial-and-error. 
As the term implies, random trial-and-error consists of 
arbitrarily choosing a series of values (gross salaries in 
this case) calculating results (net salaries), and then 
testing to see which one yields the highest value. This 
method takes little thought and only produces a solution if 
one happens to pick the correct value or values. In the case 
of the taxes problem the method would be extremely 
inefficient because each result must be compared to all 
previous ones to see if it is larger. It is this type of an 
approach to problem-solving that has given trial-and- 
error a bad name. 

An improvement over random trial-and-error that 
requires additional thought and substantially improves its 
utility is systematic trial-and-error. Here a rule is devised 
to make certain all the reasonable alternatives will be 
systematically considered and evaluated until a problem is 
solved or shown to be unsolvable. With the tax problem 

this might consist of beginning with $1,000 and trying 
successive values in increments of $1,000 until a solution 

is reached. The result is that the net pay would continue to 
increase up to agross income of $50,000 and then begin to 
decrease. This result implies, of course, that the optimum 
income is $50,000. While this method may be tedious and 
time-consuming, it will usually produce a solution, and 

therefore is a substantial improvement over random trial- 
and-error. 

A further refinement of trial-and-error, and one that 
makes it much more respectable as a general problem- 
solving strategy, is guided trial-and-error. The key to its 
success lies in the fact that the results from each trial are 
used to guide the choice of a value for the next trial that will 
produce a result closer to the correct solution. This 
process is continued until the solution is finally attained, 
and is usually much more efficient than systematic trial- 
and-error. As an example of guided trial-and-error, let us 
return to the taxes problem. As a starting point, we might 
try both values suggested in the problem ($6,000 and 
$92,000). Because the results show that $92,000 yields a 
higher income than $6,000, it seems reasonable to choose 

a value higher than $92,000. As it turns out, however, 
values higher than $92,000 provide less net income than 
does $92,000. Therefore, it is logical to choose values less 
than $92,000 in large increments ($10,000) as long as they 
continue to result in larger net incomes than values 
chosen previously. Because the correct answer is $50,000, 
values closer to $50,000 will produce larger and larger net 
incomes, and values less than $50,000 will produce 
decreasing net incomes. Thus, the correct value can be 
determined quite efficiently. As mentioned earlier, the key 
to success is to carefully examine the result from each trial 
to guide the selection of values for the next trial in a way 
that will guarantee a movement closer to the correct 
solution. 
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systematic trial-and-error 

Now we turn to the computer and write a program to 
find the solution using systematic trial-and-error. If X 
represents the gross income then .01X is the tax rate and 
f(X) = (1-.01X)X is the net pay. Program 1STMAX uses a 
systematic procedure to find the value of X for which the 
net pay achieves a. maximum value on the interval 0 to 
100. The system is based on the following principle: Let 

1STMAX PROGRAM 
LIST 
1STMAX 

10 PRINT "X&XTHIS PROGRAM FINDS THE X VALUE WHERE THE FUNCTION XK-.O1*XxxX* 
20 PRINT "XkKIS A MAXIMUM ON THE INTERVAL 0 TO 100 BY SYSTEMATIC TRIAL* 
3O PRINT “XOKAND ERROR, * 
40 PRINT © 
50 PRINT "INPUT THE DESIRED DEGREE OF ACCURACY. "3 
60 INFUT I : 
20 WEF ENF OX) SX-.OLKXRX 
80 PRINT 
90 X=0 

00 1=10 
110 PRINT " i*+*X AT MAX* . 
130 YLSFNF(X) 
140 Y2=FNF (Kt) 
180 IF YisY2 THEN 180 
160  X=X+1 
170 GOTO 130 
180 FRINT IX 
190 IF I<t THEN 230 

800 %eX-1 
210 1St/2 
220 GOTO 130 : : 

PRINT : Bo 
PRINT "THE X VALUE WHERE X-.01xXKX IS MAXIMUM I9"#X 

250 END ‘ 

Ne 

X=0 be the starting point and increment to the right by 
1=10, comparing f(X) with f(X+1). If f(X)< f(X+l) then move 
up one step (X=X+l) and compare f(X) and f(X+l) again. 
Continue this procedure until f(X)>f(Xt+l). Now move 
back one step (X=X-l), reduce the step size by a factor of 
2 and continue as before. As soon as the step size falls 
below the specified level of accuracy D (1<D), print out 
the value of X that corresponds to the first maximum 
value of f(X). For functions that have more than one 
relative maximum, the systematic procedure used in 

1STMAX can be easily extended to find all relative 
maximum and minimum points for a given function ona 
specified interval. Can you do it? 

SAMPLE RUN 
RUN 
1STMAX 

XKKTHIS PROGRAM FINDS THE X VALUE WHERE THE FUNCTION X-.O1XX&X 
*#HKIS A MAXIMUM ON THE TNTERVAL O TO 100 BY SYSTEMATIC TRIAL 

*XKANT ERROR, 

INFUT THE DESIRED TEGREE OF ACCURACY.?,1 

xX AT MAX 
uO 

hehe) 
30 

bere) 

50 
bse) 

590 
bekes 

THE X VALUE WHERE X=.OUKXAX [5 MAXIMUM IS SO 



SLICE PROGRAM 
“*XKXKTHIS PROGRAM SOLVES XXLOG(X)=100 FOR X*. 
OOOOOKEY USING aveienaric TRIAL enn ERROR * 

SLICE 

PRINT 
PRINT 

“PRINT 
_ PRINT 

INFUT 
N= 
_YL=Xi#_LOGCX1) 

Y2=X2KLOG(X2) 
PRINT. : : 

PRINT = N%s*xX- LOUER*» ee 

(SERINE NeXlsxk2) | : 
— XS=(XLEX29 42 

200° Y= X3KLOG OG) E 
IF ABSCYS-100) <= D THEN 210 
IF Yiz100 AND Y¥32100— ee 180 
X1=X3 
N=EN+1 

- GOTO 100 | 

0 X2=X3. 
_ NSN41 : 

0, GOTO 100. 

PRINT “LING THE. ANSWER 15 
END Se 

“INFUT A LOWER ann UPPER GUESS ANE ce DESIRED acouRacy*s 

XdeX2e0 = 

oo 

SAMPLE RUN. 
: OOOORTHIS. PROGRAM SOLVES XALOGOO=100. FOR X 
OEY USING SYS TENATIC Le AND ERROR. 

“INPUT 4 LOWER AND UPPER GUESS ANT! THE DESIRED “ACCURACY? +1007 .001 

x-log(x)=IlOO 

Although the taxes problem can be solved analytically 
using calculus or even more easily with the properties of 
quadratic functions, it is more likely that the majority of 
non-textbook problems one encounters will not have a 
nice closed-form solution. One such example is the 
following: Find a value of X such that X *log(X) = 100. (We 
assume here that log(X) is the natural logarithm.) 

Systematic trial-and-error, which is frequently used to 
search for solutions with a computer, could be applied to 
this problem in much the same way it was applied to the 
taxes problem. But for variety, we will use a different type 
of systematic trial-and-error. 

Clearly, the solution to X* log(X) = 100 lies somewhere 
between 1 and 100 since 1 * log(1)=0, 100 * log(100) > 400, 
and X*log (X) increases with increasing values of X. If we 
let X; be the guess that is low (X, *log (X )<100) and let 
Xh be the guess that is high (Xh * log (Xp) > 100) then we 
can use a systematic procedure which generates new 
trials by dividing the search aréa in half at each step as 
follows: Let the new trial Xn be the average of the last two 
trials Xp, = (Xi+ Xp) /2 and then test X , to see whether it is i n 

: oe X-LOWER curren . | high, low, or within the accuracy desired. If Xp is high 
S| co _ (Xn *l0g(X,)> 100) then replace the last high guess with 

- 2 2 oo -— | Xn (Xn = Xn) Or if Xp is low (Xp *log(X_, ) 100 replace 
se a . pe : | the last low guess with X, (X; = Xn) and répeat the 
oe ee fe. process of taking averages. Since the distance between 
eo | 2 a ee a X| and Xp is cut in half with each new trial, X; and Xp 
lc OCC | will both approach the desired solution within any pre-set 
ee ee oF oo degree of accuracy given a sufficient number of 
: oc «8205 oo. ae : oo iterations. Program SLICE solves X*log(X) = 100 for X 
ie SS fe using this method. The sample run following the program 
Pie ee oo lists the upper and lower bounds at each halving of the 
oie) : (Ba64 | 29.5371 | search area to illustrate the approach. When this printout 
LHe ANSUER | er a | is suppressed the answer is computed immediately. 

guided trial-and-error 

The systematic trial-and-error algorithm for solving 
X*log(X) = 100 given above does not take into account all 
the information available aftereach trial. For example, this 
method takes the same amount of time to reach a 
solution whether the first guess is close to the solution 
already or not and is independent of the problem being 
solved. On the other hand, guided trial-and-error uses 
more of the information available from each trial (such as 
how close a particular trial is to a solution) to make a 
more educated next trial. This technique is used in 
program GUIDE to solve the problem X *log(X) = 100 and 
is based on the following principle: Let X, be a given trial 
and Y n= Xn®log(X pn) be the corresponding value of the 
function. If Y pis too large (Yn >100) then the exact trial is 

decreased by the factor 100/Y nwhich is less than one. If 
Y nis too small (Yn <100) then the next guess is increased 
by the factor 100/Y , which is greater than one. Thus the 
new trial is guided by the outcome of the previous trial as 
follows: 

Xx n+1= xX n* TOOAV Ae 

Notice that this algorithm has the following important 
properties: Trials that are far from the correct value are 
changed by a bigger factor than those that are close. All 
trials oscillate above and below the desired solution. 
When Yn reaches 100, all subsequent trials remain the 

same. 
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GUIDE PROGRAM 
PRINT 
FRINT 
PRINT. 
PRINT “INFUT a INITIAL GUESS AND THE DESI 
INPUT X»B : : 
PRONT ae 
PRINT “ ate Plata. 
N=1 
YS HLOGOX) 
PRINT NeX © 
IF ARS (Y-100)= D THEN 150 iS 
X=XK100/7 Le 

ONENSL > 
GOTO 90 
PRINT LING 1) “THE ANSWER AStx 

- SAM PLE RUN 

— OOOKTHIS. PROGRAM sauce “Ls 100 FOR 
ORE USING GUIDED TRIAL ANI ERROR. 

GUILE 

*XKAKKTHIS. FROGRAM SOLVES Xx#LOG(X)=100 FOR : 
“XKIKKEY USING GUITEN TRIAL AND ERROR 2 

- RUN a 
_ SUIDE 

INPUT an INITIAL GUESS AND THE 

ie 
400 
2a ZLae ee ei 

j 29.5578 
28 ate 
29,5384 

29 a6), 
ee 

ee OONE MEU 
toe} 

THE ANSUER te 29.5368 



newton's method 

For completeness, we conclude our search for 
solutions to the X*log(X) = 100 problem with Newton’s 
method which is a form of guided trial-and-error. This 
method is fully explained in almost every calculus book 
so we will not repeat it here. In comparison with the other 
algorithms given above, Newton’s method is a very 
efficient approach as shown in the sample run. However, 
there is a price to pay for this efficiency — a knowledge of 
calculus and the ability to remember the method — which 
may not be worth the time and effort in many cases. For 
example, even though Newton’s method converges to the 
solution over four times faster than the systematic trial 
and error method of program SLICE, the difference in the 
response time at the terminal is unnoticeable. Besides, 

_ there are some problems where Newton’s method will fail 
if One makes an unlucky first guess, whereas the 
systematic trial-and-error technique never fails. 

NEWTON PROGRAM — 
PRINT *#kXXKTHIS PROGRAM SOLVES XxLOG(X)=100 FOR X* 
F “K*XKKEY USING NEWTONS METHOD FOR GUIDED TRIAL ANI ERROR, * 

NEWTON 

T 
"INPUT AN INITIAL GUESS ANI THE DESIRED ACCURACY “¢ 

Xo : 

igen hey ba 4 oo 2 
PRINT NrX 
X1=X-(X*LOG(X)-100)/(LOG(X)+1) 

/ IF ABS(X-X1)<0 THEN 150 
X=X1- ; 
N=Nt1 
GOTO 90 
PRINT LIN(1)*THE SOLUTION IS *X1 
“END : 

SAMPLE RUN 
RUN. 
NEWTON 

HHAKATHIS PROGRAM SOLVES XXLOG(X)=100 FOR X 

*KXKKEY USING NEWTONS METHOD FOR GUIDED TRIAL AND ERROR. 

INFUT AN INITIAL GUESS AND THE LtESIRED ACCURACY ?1007.001 

Xr 

100 
33.6813 

29.6595 
29.9367 

JHE SOLUTION IS 29.5366 

PONE 

turkey puzzle 

A completely different application of guided trial-and- 
error is illustrated in the solution to the Turkey Puzzle. 

TURKEY PUZZLE 

Two people, Jane and Mary, went to the butcher 
shop to buy turkeys for Thanksgiving dinner. Since 
Mary had a larger family than Jane, she wanted a 
larger turkey. The butcher just happend.to have two 
turkeys left, a small one and a large one. “Together 
these two turkeys weigh twenty pounds,” he said. 
“The little one sells for two cents a pound more than 
the large one.” Jane purchased the little one for 82¢ 
and Mary paid $2.96 for the big turkey. How much did 

each gobbler weigh? 
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Story problems like this one are the bane of most 
beginning algebra students. They ask “Where do | begin? 
What method do | use? Did | set it up right?” Frequently, 
students are primarily concerned about setting up the 
machinery for a problem so the answer will drop out like 
an egg into a basket and forget the most fundamental 
property of any solution: A solution is an answer that 
works! Of course, the Turkey problem can be solved 
using algebra and the reader may want to try solving it 
this way. But we will eschew any algebraic devices for 
attacking this problem to illustrate the power of guided 
trial and error. 

The easiest way to begin the Turkey problem is totry a 

few numbers. Let’s assume, as a first guess, that the small 
turkey weighs 8 lbs. What implications does this have, 
given the condition stated in the problem? First, the big 
turkey must weigh 20 - 8 or 12 Ibs. Next, since the big 
turkey cost $2.96, the price per Ib is $2.96/12, about $.25. 
The small bird cost 2 cents more per Ib so its price is $.27. 
But $.82 was spent for the small bird which means it must 
have weighed .82/.27, about 3 Ibs. 
We have come full circle and our results are conflicting. 

We started out with a small bird weighing 8 Ibs and ended 
up with the same bird weighing 3 lbs. If the first guess and 
the outcome had agreed for the weight of the small bird, 
the system would have been consistent and we would 
have had a solution simply because it worked. 

The process of guided trial-and-error is based on the 
idea of adjusting the next trial depending upon the results 
of the previous trial. It is a feedback control system 
similar to the control of a guided missile to its target. 
From the first trial of 8 Ibs the feedback told us we were 
too high so our next guess should be smaller. In 3 or 4 
trials anyone should be able to narrow in on the target of 
4 Ibs for the small turkey and 16 for the large one. 



Would it be possible to set up an automatic trial-and- 
error or feedback system that is simple enough to be 
programmed by anyone familiar with the BASIC 
language and solve the turkey puzzle with only an initial 
guess? The answer is yes, and program TURKEY is one 
example of how to do it. The feedback systems of this 
program follows very closely the first discussion of the 
Turkey problem given above. If we let L be the weight of 

the small turkey, B the weight of the large turkey, P the 
price per Ib for the large turkey, then the conditions in the 

problem can be summarized as follows: 

ta = 00 - b 
2. P = 296/B 
3. L = 82/(P+2) 

Begin with an initial guess of L1 for the weight of the 
small turkey L and follow through the consequences of 
this guess in 1,2, and 3 above. If L1 and L agree, the 
system is consistent and we have a solution. If not, then 

use the outcome L in 3 as the next trial in 1 and ioop back 
through the system. This algorithm was used in program 
TURKEY, and within 7 iterations of the algorithm the 
system has narrowed in on a solution as shown in the 

sample run. The program terminates when the difference 
between successive trials falls below .001. 

TURKEY PROGRAM 
"SOLUTION TO THE TURKEY FUZZLE BY GUIDED TRIAL AND ERROR* 
“MAKE ANY GUESS FOR THE WEIGHT OF THE SMALL TURKEY'S 

30. INFUT AN 

TURKEY 

10) PRINT 

“ SMALL*s" BIG* 

80 P=296/K 
90 L=82/(F+2) 
100 IF ABS(L=-L1)<, 
110 PRINT Lisk 
120- List 
130 GOTO 70 
140 PRINT 
150 FRINT 
160 IMAGE 
170 PRINT 
180 IMAGE 
190 «ENT 

O01 THEN 140 

USING 1605L+.,001»P+2,001 
"THE SMALL TURKEY WEIGHS"; 2it, 2Ity * 
USING 180¢B+.001L»P+,001 

“THE BIG TURKEY WEIGHS *»y2It, 2ity * 

SAMPLE RUN 
RUN 
TURKEY 

é es 

SOLUTION TO THE TURKEY FUZZLE BY GUIDED TRIAL AND ERROR 
MAKE ANY GUESS FOR THE WEIGHT OF THE SMALL TURKEY?8 

SMALL BIG 
8 12 
3.075 16.925 
4.20752 15.7925 
3,95312 16.0469 
4,01057 15.9894 
3599761 16,0024 

THE SMALL TURKEY WEIGHS 4,00 LES AND THE FRICE FER LB IS 20.50 

THE BIG TURKEY WEIGHS 14.00 LBS AND THE FRICE FER LR IS 18.50 

DONE 

Ale a
m p 
LZ 

q its 

conclusion 

The development of digital computers has revolution- 

ized the methods available for solving problems. In many 

areas of modern science, computer-ariented numerical 

methods have been developed to solve problems that 
have been impossible to solve analytically. The diversity 
of fields being affected includes planetary 
astrodynamics, wave diffraction, weather prediction, 
thermodynamics, electrostatics and gravitational poten- 
tial, molecular interaction, quantum theory, and 
relativistic collapse (Greenspan, 1974). 

The guided trial-and-error methqds discussed above 

are but a small sample of the growing number of 
computer techniques being used to find solutions or 
approximate solutions to given mathematical problems. 
The immense power of the digital computer to perform 
arithmetical operations with exceptional speed has 
added a quantum jump in the number of techniques now 
available to solve problems. 

postscript 
The iteration technique used in the TURKEY program 

will converge to the solution, given any initial guess. This 
of course is the desirable outcome, but it is only one of 
three typical outcomes. An iteration can diverge away 
from any solution, getting increasingly larger with each 
iteration or getting locked into an endless loop that 
oscillates between two numbers that are not solutions. It 
is remarkable that the outcome that does occur depends 
only upon the way the conditions are expressed. For 
example, if you try writing a program to solve the Turkey 
puzzle using the following equivalent set of conditions: 

Ue Ib = Ades 
2. P =82/L-2 
3. B = 296/P 

LBS ANI THE PRICE PER LEB IS “»20,2n 

LBS ANIt THE PRICE FER LB IS " 

the sequence of iterations diverge and no solution is 
reached. Try it! The above equations were obtained by 
inverting the original three equations. Therefore, if you 
use a set of equations that give a diverging outcome, 
simply invert them and try again. 

REFERENCES 

Piele, D. T., and Wood, L. E. “Thinking Strategies with the 
Computer: Inference”, Creative Computing Magazine, 
Vol. 3, No. 2, Mar-Apr., 1977, p. 96-99. 

Greenspan, Donald. Discrete Numerical Methods in 
Physics. Academic Press, Inc., New York, N.Y. 10003, 
1974. 



This fifth article in the series shows how indirect reasoning can lead to a 
contradiction and thus to the truth. 

Thinking Strategies 

with the Computer: 

Contradiction 

Donaid T. Piele and Larry E. Wood 

Let craft, ambition, spite 
Be quenched in Reason’s night, 
Till weakness turn to might 
Till what is dark be light 
Till what is wrong be right! 

Lewis Carroll 

ee ec 

One of the first and possibly most elegant applications 
of the method of contradiction was given by Euclid inthe 
3rd century B.C. He proved that among the natural 
numbers 1, 2, 3, 4, ... there exists an infinite number of 

primes. (A prime number is one which has no factors other 
than itself and 1; for example, 2, 3, 5, 7 are prime, while 9 is 
not.) Euclid’s idea is delightfully simple and illustrates the 
problem-solving strategy of contradiction. 
To begin with, there are two possible outcomes: 
1.A finite number of natural numbers are prime or 
2. An infinite number of natural numbevws are prime. 

No one has been able to show directly that the second 
alternative is true. However, by reasoning indirectly, 

Euclid showed that if you assume the first alternative is 
true, you can make a sequence of logical inferences that 
lead to a contradiction. Thus, the first alternative is 
untenable and the second must be true. 

This indirect method called reductio ad absurdum is 
used throughout mathematics and represents one form of 
the strategy of contradiction. Interested readers may want 
to study Euclid’s clever sequence of logical inferences 
where he shows that the assumption of only finitely many 
primes leads to a contradiction (Eves, 1976). 

The following problem will be used to illustrate the 
method of proof by contradiction. The reader is en- 

couraged to try the problem before reading the solution. 
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In a faraway land there dwelt two races. The 
Ananias were inveterate liars, while the Diogenes 

were unfailingly veracious. Once upon a time, a 
stranger visited the land, and on meeting a party of 
three inhabitants inquired to what race they belonged. 
The first murmured something that the stranger did 
not catch. The second remarked, “He said he was an 

Anania.” The third said to the second, “You're a liar!” 
Now the question is, of what race was this third man? 
As in Euclid’s problem, there are only two possibilities. 

The third person is either an Anania (liar) or a Diogene 
(truar). Let us assume one of the alternatives, he/she is an 
Anania, and see if we can reach a contradiction. Since the 
third person said “You’re a liar” to the second person and 
we are assuming the third person is an Anania (liar), it 
must follow that the second person is really telling the 
truth (a Diogene). But if the second person is a truar then 
the statement made about the first person, “He said he was 
an Anania,” is true. But if we examine this statement 
closely we find that neither a liar or a truar could makeit. A 
liar could not admit to being a liar and a truar would have to 
say he/she was a Diogene. Thus, we have arrived, by a 
sequence of logical inferences, to a contradiction based 
on the original assumption that the third person was a 
Diogene. Since there are only two alternatives, the third 
person must be a Diogene and the problem is solved. The 
reader may want to check that the problem is well-posed 
and that indeed, if the third person is a truar, the 
statements made by the first and second persons are non- 
contradictory. 
Now we turn to an application of the method of 

contradiction where the choice of alternative is more than 
just two. Whenever the set of alternatives is small enough, 
it is still feasible to systematically examine each of them 
and derive a contradiction to all but one. As an example, 
consider the following problem: 

WHODUNIT? 

Four men, one of whom is known to have committed 

a certain crime, said the following when questioned 
by an inspector from Scotland Yard. 

Growley: “Snavely did it.” 
Snavely: “Gaston did it.” 

Gus: “I didn’t do it.” 
Gaston: “Snavely lied when he said | did it.” 

If only one of the four statements is true, whodunit? 

Brain teasers like this one often lead the novice, who is 
likely to attack the problem directly, into an endless loop. 
The experienced problem-solver recognizes that by first 
assuming a particular suspect committed the crime, itis an 
easy matter to check whether this assumption is consis- 
tent with the given information or leads to a contradiction. 
For example, if we assume that Growley did it, we can 
determine the truth or falsity of the statements given in the 
problem as follows: 

“Snavely did it” is false. 
“Gaston did it” is false. 
“| didn’t do it” is true. 
“Snavely lied when he said | did it” is true. 
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whodunit2 

Since two of the suspects are telling the truth and we are 
given that only one of the first four statements is true, the 
assumption that Growiey did it has lead, through a 
sequence of logical inferences, to a contradiction. Thus, 
Growley is innocent. Each. suspect, in turn, can be 
checked out in a similar way. Whenever a problem can be 
reduced to a bookkeeping chore like this one, it is natural 
to call in the computer. Even though the work involved in 
this problem is small and can be easily done by hand, the 
ideas learned in programming the computer to do the job 
will be useful when we are faced with a more difficult and 
time-consuming problem. 
We begin the WHODUNIT problem by assigning 

variables to statements as follows: 

P(1)<——"‘Growley did it.” 
P(2)<—"Snavely did it.” 
P(3)<——"'Gus did it.” 
P(4) "Gaston did it.” 

A statement is designated as true by setting the 
corresponding variable equal to one, P(|) =1. If we assume 
it is false, then P(l) = 0. For example, if Growley is the 
culprit, then the statement “Growley did it” is true and P(1) 
= 1, otherwise P(1) = 0. Using this new representation, it is 
a simple matter to express all the statements (facts of the 
case) in one equation: 

P(2) + P(4) + NOT P(3) + NOT P(4) = 1. 

This expression embodies the condition that only one of 
the statements; “Snavely did it” P(2), “Gaston did it” P(4), 
“Gus didn't do it” NOT P(3), “Gaston didn’t do it” NOT P(4) 
is true and hence the expression adds to 1. (Recall that in 
the BASIC language, if A = 1 then NOT A=Oand vice versa 
if A = 0 then NOT A = 1.) It is a simple matter for the 



computer to systematically assume each suspect, in turn, 
is guilty (for |=1 to 4, P(l) =1, and P(J) =0, J #1) and check 
this assumption for any contradiction with the facts of the 
case, (P(2) + P(4) + NOT P(3) + NOT (P(4) = 1). 

This is the technique employed in program CRIME in 
lines 80 to 170 to crack the case. The program also checks 
to see if the problem as posed has a unique solution, no 

CRIME PROGRAM 
10 PRINT “THIS PROGRAM SOLVES THE WHODUNIT FROBLEM AS ORGINALLY WRITTEN. * 
1S PRINT 
46 PRINT "FOUR SUSPECTS - GROWLEY» SNAVELY,s GUS AND GASTON - ARE QUESTIONED* 
17 PRINT “ABOUT A CERTAIN CRIME + THE FOLLOWING STATEMENTS ARE GIVEN AND ONLY" 
18 PRINT "ONE IS TRUE. 
19 PRINT 
20 PRINT * SNAVELY DIU IT.* 
22 PRINT * GASTON DID IT.* 
24 PRINT * GUS DIDN’T DO 1T,* 
26 PRINT? Z GASTON DLDN?T ye Iy.* 
28 PRINT 
30 PRINT “THIS IS EXPRESSED IN LINE 120 AS P(2)4P(4)4NOTP(3)4NOTP(AD=1." 
32. PRINT 

_ 34 PRINT *CYOU CAN MAKE UP YOUR OWN MYSTERY RY CHANGING THE STATEMENTS* 
36 PRINT “AND THE CORKESPONDING EXPRESSION IN LINE 120,)" 
AO PRINT LIN(2) 
30 Jet 
60° DIM PL4Ix¥ASL729 
70 AS=*GROWLEY DID IT,SNAVELY DI IT.GuS “pip IT, 
80 FOR I=i TO 4 
90 MAT P=ZER 

: PEL Ie1 
- REM FR OEE CORTE EET EE TEC CEE CETTE EEE: 

IF PE2I4+P041+ NOT PL3I+ NOT PC4I]=1 THEN 150 
REM OOOO OOO OOOO IO IO I III IK 

' GOTO 170 
Jett 

- Kal 
Z NEXT I : 

GOTO J OF 19042107+230 
PRINT "SORRY THERE IS NO SOLUTION TO THIS CASE, MORE INFO IS NEEDED, * 

GASTON DIN IT, * 

GoTo 250 
PRINT, “THE INESCAPABLE © COREL US TON IS THAT Cas) isles L4y15SkKI 
GOTO 256 

3 FRINT “THERE IS NO UNIQUE SOLUTION TO THIS CASE. MORE THAN ONE SUSPECT* 
) PRINT *IS IMPLICATED BY THE INFORMATION GIVEN, * 

END 

cruptarithmetic 

In contrast to the previous examples, where the number 

of alternatives were relatively small, cryptarithmetic 
problems usually leave a large number of possible 
assignments of digits to letters to be examined. For 
example, consider the following problem. 

WIRE MONEY 

A college student sent the above message to his 
father. If each letter represents a unique number, how 
much should his dad send? 

In the jargon of computer science, the search space — 
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solution, or perhaps many solutions. By changing line 120 
(the facts of the case) a new problem can be examined 
with the same program. The reader is invited to make up 
new circumstances and test them for solutions. For 
example, suppose that the statements given by the 

suspects are: “Growley did it” P(1), “Snavely did it” P(2), 
“Gaston didn't do it” NOT P(4), “Snavely didn’t do it” NOT 
P(2) and we know that only one of the suspects is lying. 

Then the facts of the case would be expressed as 

(etalon 2) ate N ©ilec (4) icon OMe (2) ans 

Under this assumption, whodunit? 

SAMPLE RUN 

RUN 
CRIME 

THIS FROGRAM SOLVES THE WHODUNIT FROBLEM AS ORGINALLY WRITTEN. 

FOUR SUSFECTS - GROWLEYy SNAVELY» GUS ANI GASTON - ARE QUESTIONET! 

ABOUT A CERTAIN CRIME. THE FOLLOWING STATEMENTS ARE GIVEN AND ONLY 
ONE IS TRUE. 

SNAVELY DID IT. 
GASTON TID IT. 
GUS DIDN’T HO IT. 

GASTON DIDN’T LO IT. 

THIS IS EXPRESSED IN LINE 120 AS FC2)+F (4) +NOTPCS)+NOTF(4)=1. 

(YOU CAN MAKE UF YOUR OWN MYSTERY BY CHANGING THE STATEMENTS 
AND THE CORRESFONIIING EXFRESSION IN LINE 120.) 

_THE INESCAPABLE CONCLUSION IS THAT GUS [dD IT. 

DONE 

the set of possible alternatives for considerations as 
solutions — is 8! or 40,320. It would be impractical in this 
problem to blindly try each possible assignment one at a 
time. It would be much more efficient to divide up the 
search space into large classes, according to a common 
property shared by members of each class, and then 
attempt to eliminate entire classes by the method of 
contradiction. Wickelgren (1974) has labeled this techni- 
que classificatory contradiction. 
We can illustrate this approach with the problem above 

by the following argument. 
Consider all possible solutions where E =0. Since E+ E= 

Y, Y also equals 0, contradicting the fact that Yand Emust 
be different digits. Thus, the entire class of solutions 
where E = O is ruled out. For another, less trivial example, 

consider E =3. Now Y equals 6 and there is no carry to the 
next column. Thus in the record column we have R+ R=E 
or perhaps R+ R=E+ 10 if acarry is involved. But in either 
case, E would be an even number, since 2R is always even, 
and this contradicts the assumption that E = 3. Thus the 
entire class of solutions with E = 3 is ruled out. 

By following this same type of classificatory contradic- 
tion strategy for each of the digits in order of E, R,!,O, and 
N, program CRYPT search out all five solutions to the 
WIRE + MORE = MONEY problem. Can you write your own 
program to solve the cryptarithmetic problem. 

DONALD 
+ GERALD 

ROBERT ? 

This problem has been extensively studied by Newell 
and Simon (1972) using a program called General 
Problem Solver (GPS) which was written to demonstrate 
that general problem-solving strategies exist and may be 
discussed at the very concrete level of computer program- 
ming. 



CRYPT PROGRAM 

10 PRINT “THIS FROGRAM SEARCHES QUT ALL SOLUTIONS* 

20 FRINT “TO THE CRYFTARITHMETIC FRORLEM" 

3O  FRINT 

40 FRINYT * W I R Ee 

SO -- ERENT * + M 3) R E* 

FRINT * 
70 PRINT * 4 0 N E xe 

PRINT CINC2) 

20 M=1 

FOR E=2 T0 9 

YeE+E 

cee 

C1=0 
GOTO 170 

Cis1 

Y=¥-10 
FOR R=O TO 9 - 

TF k=M OR R=E OR R=Y THEN 470 
TF RtR+Ci=E THEN 220 

LE RAREC LS) Et1O THEN 240 

GOTO 470 
C220 

GOTO 250 

C2sh 
FOR f=0 TO 9 

IF f= OR I=E OR 
FOR O=0 1D 2? < 
IF O=M OR. (0FE OR aS OR 
N=I+0+02. ae 
IF N 2s 10 THEN 330 
C3=0 
GOTO 350 
Casi 
N=N=-10 
IF N=M OR NEE ‘OK N=Y as N=R OR NeE OR N=0 THEN 450 
FOR W=0 TO 9. 

IF Wem OR E OR wey 0 
2 IE O+10FWENHCS THEN 44 

: "SWS LGRPE 
ok 

ee 2O THEN 150 

ley. os IT=R THEN 460 © 

JeR OR O=1 THEN 450. 

“SAMPLE RUN 
RUN 
CRYPT 

THIS PROGRAM SEARCHES. out ALL SOLUTIONS 
TO THE CRYPTARLTTHMET IC PROBLEM 

OS I BB I SSS SSS SOOO Oo SOOO OOO SS 

conclusion 

When it comes to problem solving, one of the most 
significant advantages that people have over computers is 

the ease in which humans can make inferences about a 
problem and quickly reduce the search space. Program- 
ming a computer to make similar inferences is at best 
extremely difficult and at worst, impossible. People can be 
very unpredictable in ways to survey a problem looking for 

the easy inferences to attack first, while the computer is 
easiest to program to attack each problem in a very 
predetermined and algorithmic way. Polga (1954) con- 
trasts the algorithmic method with the heuristic approach 
in which the nature of the solution is guessed and then 
proved to be correct. These two approaches have been 

combined into “heuristic programming” which is a new 
way of thinking about what a computer program should 
do. The idea is to find a good set of rules for generating 
guesses and then prove they are correct. This technique 
evolved from the work of Newell and Simon (1972) 
working on the program Logic Theorist (LT) and General 
Problem Solver (GPS). 
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The reader can appreciate the difficulty of heuristic 
programming by imagining how one would write a 
program to solve general cryptarithmetic problems in 
which the simplest inferences in a problem are first made 
similar to the way ahuman would approach it. In contrasta 
general algorithmic program can be written to solve any 
cryptarithmetic problem in a way similar to program 
CRYPT. Can you do it? 
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SRR LA BE NT NI aE ASSES EP TIS TT ay WARE, USE I ee SE 

Computer Assisted Instruction (CAI) was one of the 
earliest and most successful uses of computers in 
education. In this series of 5 articles we'll show how you 
can produce and use CAI software on your home or 
school computer. 

CAI: Mathematics 
Drill and Practice 

David H. Ahl 

In its most elemental form, CAI 
presents drill and practice exercises to 
a student on a subject that he or she 
has already learned in class or 
elsewhere. On larger systems this is 
refined to the point where the com- 
puter keeps track of each student and 

presents proportionately more 
material of the type with which the 
student is having difficulty. 

For example, in second grade 
arithmetic a student may receive drill 
and practice on horizontal addition, 
vertical addition, horizontal subtrac- 
tion, and vertical subtraction in equal 
doses, i.e., 25% of each type of 
problem. However, over time the stu- 
dent may miss more of the horizontal 
type problems, particularly subtrac- 
tion. In this case after several sessions 
the ratio of problems might be 30% 
horizontal addition, 15% vertical addi- 
tion, 40% horizontal subtraction, and 
15% vertical addition. 
These problem categories are 

sometimes known as “strands” and a 
student may progress along each of the 
strands independently of other strands 
and independently of his or her overall 
grade level. Thus, in an extreme case, a 
third grader could be at sixth grade 
level in vertical addition and first grade 

level in fractions. 
This is the type of drill and practice 

that has proved so successful in 
Chicago, Compton and numerous 
other places using large-scale com- 
puters or dedicated time-sharing 
mega-minis. However, there’s no 
reason that we can’t produce a similar 
system for micros and minis, or a non- 

dedicated time sharing system. 

Before we produce a relatively 
elaborate record-keeping system, it’s 
important to understand some of the 
basics of writing drill and practice for 
any computer. For example, consider 

the following problem: 

Sara = Wi 

Where does the student type the 
answer? With “normal” high-level 
languages you can request input tothe 
right of the problem or on the next line 
(a or b). With cursor addressing you 
could request input at the more 

desirable location where it actually 
belongs (Cc). 

Seta Cpeeet=sl fsa 

b 
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On a problem like this: 

32 
Sd 

do you require the answer as 15 or do 

you allow the student to work from 
right to left, first inputting a5 and then 
having the cursor back up for the 1? 

Initially, we'll assume the only 
language available is Basic with no 
extended capabilities and with no 
cursor addressing. However, the prin- 
ciples of writing CAI are the same no 
matter what language you're dealing 
with. 



10 RANDOMIZE 
20 N=10 

30 wW=0 
40 A-=INTCN*®RND(CO)) 
50 B=INTCNKRND(O)) 

Numbers in problems 
will be between 0o 

fa ee et ee Sustee ; - 
210 INPUT G Nd eapeccaans 
220 IF G=R THEN 300 r 
230 W=W+l 
240 IF W>1_THEN 270 
250 PRINT “WRONG, TRY AGAIN.” 
260 G@T@ 100 ‘ 
270 PRINT “Y@U MISSED THAT @NE TWICE. 
280 PRINT “THE C@RRECT ANSWER IS “sR 
290 G@TB 310 
300 PRINT “CORRECT 117 
310 PRINT “HERE ’S AN@THER...” 
320 GTS 30 
999 END 

EXAMPLE 2 
Zoe P=0 
60 P=P+1 
70 IF B<=A THEN 100 
80 C=A 

Mrke sore that a 
Smaller number (8) bs 

EXAMPLE 1 

pe 
CORRECT !! 
HERE S ANOTHER... 

? 8 
CORRECT 1! 
HERE S AN@THER... 

2 8 
CORRECT !1 
HERE S ANOTHER... 

0 ® 

Two chances +o 
we e+ the correct 
BARaCE anctwer seems about 
? 10 Ciaht with Young children. 

ipod | at tee Gatnacr anova 1g 8 
120 IF P/2=INT(P/2) THEN 160 @ HERE S AN@THERs.. 

ne Peiaras! “3B Abernatey be et 9 =a 3 addinsy and sub - Ae oi 
LTO R=A-B traction problems. fo ee 

@ Le 
CORRECT !1 
HERE S ANOTHER... 

6 
+ 2 : u 

ech 
CORRECT 13 ? STOP 
HERE S AN@THER..- PROGRAM HALTED 

8 
= 2 

a | ment CORRECT 11 Example 1 generates and presents problem is gotten wrong. Stateme 

HERES AN@THER... 

tao 

Gg 
CORRECT !1 
HERE ‘S ANOTHER... 

7 6 
CORRECT 1! 
HERE ‘S ANGTHER... 

” SW 
CORRECT !1 
HERE S ANQOTHER... 

273 
CORRECT 13 

vertical addition problems. It doesn’t 
keep score, it doesn’t use cursor 

addressing, it doesn’t have timing, it 
doesn't even keep columns of numbers 
lined up, but it’s a starting point. And, 
incidentally it is useful. Children are 
incredibly adaptable and it’s frequently 
easier to get a child to accept a less- 
than-beautiful format on the computer 
than to go through the programming 
gyrations to get everything “just right.” 
The really important reasons that CAI 
is SO successful is that it is personal, it 
is self-paced, it is not critical (in anego 
deflating or destructive way), and it is 
infinitely patient. All these factors are 
present in Example 1 even though it 

lacks the niceties of more 
sophisticated programs. 

Notice the following features: 
e Problem difficulty. This is set in 

Statement 20. Currently the number 
range is between 0 and 9. N determines 
the upper range of numbers used in 
problems. 

e Number of trials allowed. State- 
ment 230 counts the number of times a 
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240 allows two trials; if you wish to 
allow 3 trials before giving the correct 
answer, then Statement 240 should be 
IF W 2 THEN 270. 

By adding 10 statements to Example 
1 (see Example 2) we can present 
addition and subtraction problems 

alternately. Statement 60 is a problem 
counter; Statement 120 branches to 
subtraction problems on even 

numbers. Statements 70 through 90 
simply make sure that a smaller 
number is being subtracted from a 
larger one (not necessary, of course, if 
the student understands the concept of 
negative numbers). 

Example 3, for multiplication 
problems adds two additional features 
not in Examples 1 or 2: 

e Personal feedback. The child’s 
name, input in Statement 10, is used 
liberally in comments throughout the 
exercise (Statements 114,145,220). 

¢ Scoring. Variable R counts the 
number of problems right on the first or 
second trial and Statements 210-220 
compute the total score. 



EXAMPLE 3 

2 RANDOMJZE 
5 PRINT UA Ee PRACTICE,” 
10 PRINT "YOUR NAME 
12 INPUT A$ 
14 PRINT\PRINT “HI 
15 R=0\P=-1 
20 P=P+1 
25 Q=0 
30 A=INTC12*RND(O)+1) 

Helos T@ ST@P, 

40 BeINT C1 O*RND(O)+1) between ‘and 125 the 
60 PRINT ~ "3A Second between | and 10. 

70 PRINT — X “$B 
80 PRINT ------ 
90 PRINT ~ “3s 
100 INPUT G 

110 IF G=A*B THEN 140 
IF G=999 THEN 200 
IF Q<! THEN 122 

PRINT “THE CORRECT ANSWER IS 
PRINT 
GOTS 20 
QQ+l 
PRINT 
GBTB 50 

NO. 

140 R=R+1 

G8T@ 20 
200 PRINT 

Personalizahen is 
Wice rf your Basic 

has String variables. 

The first nomber will va 

12 
14 PRINT “YOU MISSED THAT ONE TWICE, 
ie 3AxB 
1 

TYPE 999 FOR YOUR ANSWER,” 

“sas 

cA TRY AGAIN, 

145 PRINT “RIGHT, ~3A$ 

210 eee “YOU GOT" s;R;"RIGHT QUT OF” 3P; PROBLEMS,” 
S=I NT (100«R #) 

220 PRINT “SCORE IS” 3S; “PERCENT, 
END 

MULTIPLICATION PRACTICE. 
YOUR NAME? DEREK 

HI DEREK. 

5) 
Koil 

? 54 
N@. TRY AGAIN, 

Let's now take a bigger jump to 
Example 4 which presents 9 different 

types of horizontal and vertical addi- 
tion and subtraction problems Start- 
ing with the same basics, we’ve added 
some additional features: 

e Digit alignment in_ vertical 
problems. Statements 114, 115, and 
401 determine how many spaces to tab 
over (Statements 210, 220, etc.) so that 
the digits are right justified. 

e Different reinforcement messages. 
Problem counter Y coupled with 
Statements 750-795 alternates 
between 4 reinforcement messages. 
More could be used, of course. 

Notice that scoring is not in this 
program. Scoring is most valuable 
when it is an internal variable used to 
alter the ratio of different types of 
problems in response to what the child 
is getting right or wrong. However 
many children feel threatened by 
scores (like grades) so it may not be 
desirable to print it out. 

Next issue we'll look at how the 
scores on different types of problems 
can be used to vary the ratio of problem 
types presented and we'll also look at 
keeping records from one session to 
the next. B 

T@ STOP, TYPE 999 FOR YOUR ANSWER, 

10 RANDOMIZE 
20 N=I15 | 
30) PRINT SHI. 
40 INPUT A$ 
50 PRINT | ae 
60 PRINT OK, A$ 
80 E=-0 
85 Y=0 
90 FOR P=1 Te 18 

IF A>B THEN 114 
D=B 
B=A 

113 A=D 

T=2-INTCL@G CB) /2 
Q=P 

IF P<10 THEN 150 
Q=P -9 

200 R =A+B 
PRINT TAB(S) 3A_ 
PRINT TAB(T) +"B 
PRINT 
INPUT G 
G@SUB 700 
IF E>O THEN 210 
GBTB 680 
R=A-B |, 
PRINT AW - “B” = 
INPUT G 

280 GBSUB 700 
290 IF E>O THEN 260 
295 GBT@ 680 
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A=I NT (NkKRND(O)+1) 
B =I NT (N*RND(CO)+1) 

S=3-INTCLOGCA) /2. 
2502585+1) 

ON Q GBT@ 200,250,300, 350, 400, 450, 500, 550, 600 

9 
xX 7 

? 64 
Y@U MISSED THAT ONE TWICE,DEREK 
THE C@RRECT ANSWER IS 63 

2 
ns &) 

TS) 

ga aan This program does not 

1 right jush@y digits , 

ee however , most children 

QU Seem +o he able +o 

RIGHT, DEREK adjust to this format. 

? 20 
DEREK 

? 8 
RIGHT, DEREK 

? 24 
RIGHT, DEREK 

Scoring , like grades 

may not be defirable. 

4 all depends vpow 

your pewmt of view . 

YOU GOT 6 RIGHT OUT OF 7 PROBLEMS. 
SCORE IS 85 PERCENT, DEREK 

EXAMPLE 4 

WHAT “S YOUR NAME 3 

WE RE GOING TS D@ SOME ARITHMETIC PROBLEMS,” 

Numbers tn problems vary 
betweew | and N. 

Determines the width 
of a number. 

302585+1) 

A Iternates 

between he 

YT problem tupes. 

Vertical \\ 

addition +2 

Horizontal pa 7 

Subtrachon tein 



300 R=A-B mae 
310 PRINT TAB(T) 8B 
320 PRINT “+ E 
325 PRINT ------ 
330 PRINT TABCS)3A, , 
332 INPUT G 
335 G@SUB 700 
340 IF E>O THEN 310 

345 G8TB 680 

350 R=A-B “ Horizontal 
360 PRINT A @= =eece bs D 

370 INPUT G as Sule trsc wer 
380 G@SUB 700 (type %) 
390 IF E>0 THEN 360 
395 GOTO 680 
400 C =I NT (N*RND(O)+1) 
401 U=3-INTCL@G(C) /2.302585+1) 
402 R=A+B+C 
4lO PRINT TAB(S)3A 
415 PRINT TAB(U) $C 
20 PRINT TAB(T)3_+" 38 
#25 PRINT =-==-= 
430 INPUT G 
435 G@SUB 700 
44O IF E>O THEN 410 
445 GTB 680 

addition 

450 R=A+B : 
460 PRINT Xo +B” = 73 Horizowtal 6 44 = 
470 INPUT G addition oe 

480 G@SUB 700 
490 IF E>O THEN 460 
495 G@T@ 680 
500 R-A-B 
510 PRINT TABCS) 3A 
520 PRINT TABCT)" 2 "B 
2IAGY VARI BY Gao 
530 INPUT G 
535 G@SUB 700 
540 IF E>O THEN 510 
545 GOTS 680 

Verncal 
Sulotrachon 

550 R=A-B : - 
560 PRINT B. + Sa Ale Horizontal 
570 INPUT G addiron 
580 G@SUB 700 
590 IF E>O THEN 560 
595 G@TS 680 

(type 2) 

600 R=A-B 
610 PRINT TAB(S)3A é 
CES ePRINTES MAdioe a 
620 PRINT “------ 1 Subtracthon 

625 PRINT TAB(T)” “B,, (type 2) 
630 INPUT G 
635 GOSUB 700 
640 IF E>O THEN 610 
645 GOT@ 680 
680 NEXT P 
690 G@TB 900 
700 IF G=R THEN 750 
705 E=E+l 
710 IF E>2_THEN 800 : 
720 PRINT “WRONG. TRY AGAIN. 
725 PRINT 
730 RETURN 
750 Y=Y+1 
752 E20 
755 ON Y GQT@ 760,770,780, 790 
760 PRINT VERY GOOD “AS 
765 GOT@ 725 x 
770 PRINT “SUPER ! 
775 GOTB 725 
780 PRINT THATS RIGHT “AS 
785 GOT@ 725 
790 PRINT CORRECT !” 
792 Y=0 
795 GOT@ 725 
800 PRINT “YOU MISSED THAT ONE 3 oe CAS ae 
805 PRINT “THE CORRECT ANSWER IS “R™ 
810 PRINT “HERE S ANOTHER PROBLEM. 
815 E=0 
820 GOTB 725 
900 PRINT | R 
910 PRINT “THAT WAS LOTS OF FUN “AS. 
920 PRINT “D@ YOU WANT ANY MORE PROBLEMS TODAY (YES @R NO) + 
930 INPUT BS 
940 IF B$= YES” THEN 85 
950 IF B$=,N@ THEN 960 es 
953 PRINT “PLEASE ANSWER “YES” BR ‘NO’. 
955 GBTB 920 
960 PRINT | oe Lae 
970 PRINT “GK. GOODBYE FOR NOW “A$. _PLEASE TYPE BYE” AND 
9g0 PRINT “HANG UP THE PHONE. THANKS. 

Subrouthne to check answer (@) 

Against correct one (@). E covats 

the number incorrect trials. 

Alternates between 

A reinforce ment 

™ eccages e 
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OK, DETTA, WE RE GOING T@ D@ SOME ARITHMETIC 

1! PR@BLEMS. 

2:13 
VERY G@SD DETTA Without cwrsor 

addressing , the 
answer require d 

here must be 

aga ae \ iw pot <<) 

[2a ae Ae = 

HI. WHAT’S YOUR NAME? DETTA 

7 

THAT “S RIGHT DETTA 

6 oan Go) 

CORRECT ! 

10 Answers to provtems like 

3 +his must be impvt as 

+ 10 23, not 3 then 2 which 
can aes may be what the student 

2 23 is used to. 

445i 7216 

? 
WRONG. TRY AGAIN. 

re NG 
WRONG. TRY AGAIN. 

@ EO) 
Y@U MISSED THAT ONE 3 TIMES DETTA. 
THE CORRECT ANSWER IS QO. 
HERES AN@THER PR@BLEM. 

2 + eel 29 
THAT “S RIGHT DETTA 

10 

10 yi 
WRONG. TRY AGAIN. 

10 

10 2:0 

BMS 
VERY G@ED DETTA 

Sa ene ly aan 4 

[so pe 
THAT “S RIGHT DETTA 

Wey = 8 Pa 
CORRECT ! 

IS) 
VERY G@SD DETTA 



The second in this five-part series on Computer Assisted 
Instruction shows how the score can be used to tailor the 

type and difficulty of problems to the individual student. 

CAI: Structuring the 
_Lessonto the Student 

David H. Ahl 

In Part 1 of this series we looked at how various types of 
arithmetic problems can be generated. In this section we'll 
look at the use of scoring to vary the ratio or type and 
difficulty of problems. 

Let’s look at the performance of 3 students on 4 types of 
problems. We’ll assume that each student has completed 
100 problems, 25 of each type. Here are the percentage 
missed (incorrect) of each type of problem. 

Student 

Problem Type 1 2 3 

Vertical addition 0% 8% 24% 

Horizontal addition 4 12 Gy 

Vertical subtraction 0) 12 36 

Horizontal subtraction 8 20 48 

It is obvious that Student 1 is doing quite well—3 
problems wrong out of 100. It is equally obvious that 
Student 3 is having trouble, with 35 out of 100 problems 
incorrect. Student 2 is somehwere in between. 
Now our situation is that we’d like to alter the ratio of 

problems presented to each student in order to give them 
additional practice on the types with which they’re having 

trouble. A straightforward way of doing this is to come up 
with a ratio based on problems missed previously (or in a 

pre-test). Let’s try this for Student 2: 
New Distribu- 

tion of 

Problem Type % Wrong Ratio Problems 

Vertical addition 8% 2 16.7% 

Horizontal addition 12 3 25.0 

Vertical subtraction 12 3 25.0 

Horizontal subtraction 20 4 Boe 

12 100.0% 

Good approach? Well, maybe. Except that Student 1 
would get 67% horizontal subtraction and 33% horizontal 
addition and no other types. How then does the student 

advance to a higher grade-level in vertical subtraction? 
Clearly, we’ve overlooked something. But before 
discussing this, let's consider another factor. 

lf a student misses 5 out of 5 fraction problems on 
Monday and then misses 0 out of 5 on Tuesday, what does 
that mean? Does this mean: 

(1) The overall score is 50% and the student needs more 

practice. 
(2) The student learned the concept after a dismal 

performance Monday and now needs no further practice. 
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HI. T@ STOP, TYPE 9999 FOR YOUR ANSWER. 
WHAT IS Y9UR GRADE LEVEL? 2.5 

150 re Student inputs 

sdedtea= his grade leve\| 
2 183 
C@RRECT !1 from the last 

Session. 
HERE “S ANSTHER... 

? 82 
WRENG, TRY AGAIN. 

aS2 
CORRECT !1 

HERE “S AN@THER.e. 

30 
Be These 3 
298 problems 
C@RRECT !! helped the 

HERES ANOTHER... Student ad- 

100 vance his 
peek. grade level 

2.194 slightly . 
CORRECT !1 oa 

HERE “S ANOTHER... 

LOE 
CORRECT 11 

HERES AN@GTHER... 

SB 
CGRRECT !! 

HERE “S AN@THER.«.. 

f SSE 
AKAY. S@ LONG. HOPE YOU ENJOYED IT, 
YOUR GRADE LEVEL IS NOW 2,55943 



(3) The student lucked out on Tuesday and gota batch of 
trivial problems. 

What would be the explanation if the scoring was 
reversed; that is 5 correct Monday and 5 missed Tuesday? 
The point is, and this ties in with the previous scoring 
situation, that we need a moving-average type of scoring 
system which meets the following criteria: 

current level. The problem is ignored if he got it wrong and 

it was over his current level, or got it right and it was under 

his grade level. In other words: 
Answer 

Right Wrong 

Higher than Raise student 
(1) It weighs the most recent performance most grade level grade level Ignore 

heavily, but does not ignore previous performance. Problem 
(2) It allows a student to advance to more difficult Lower than Ignore Lower student 

problems than their current mastery level. grade level grade level 

(3) It continues to give some minimal practice on 
problem types the student has already mastered. 

(4) It is simple to understand for both student and 
teacher (or parent or administrator). 

lf we proceed along traditional lines, we’ll have to 
determine what type of problems a student should be 
receiving practice in, his score on each in the last session, 
and his score in the sessions before that—a tricky bit of 
record-keeping. But what if we could comeupwithasingle 
measure for each type of problem, say “estimated grade 
level,” which incorporated all of the above measures? 

Consider the following “scores” for Derek Carlson: 

At first glance this may look complex and even 
somewhat goofy, however what it really means is that is 
that astudentis “rewarded” for doing aproblem beyondhis 
grade level but he is not penalized if he can’t do it. On the 
other hand he is penalized if he can’t do a problem lower 
than his grade level, but not rewarded for doing one lower. 

A flowchart of this process is shown below. 

Grade Level 

We SS GY Bs 
curren 

Vertical addition X aeade 
Horizontal addition xX level 

Vertical subtraction Xx 2 

Horizontal subtraction x 

If Derek is halfway through Grade 2. he is behind in 2 
problems types, ahead in 1 and on-target with 1. The nice 
thing for us is we have all the information we need to give 
him more problems at the “right” level. Naturally this 
assumes we know what problems of what complexity are 
being done at every grade level. 

So how do we score? Simply by letting the most recent 
problem done count 10% of the overall score (of that 

problem type) if the problem was correct and over his 
current grade level or if it was incorrect and under his 

10 RANDOMIZE 
> eRRENT HL 

30 INPUT G1 
40 G2=G1-,5+RND(O) 
50 R=INT(2*1 .73*G274) 
60 A=INT(100xG2*RND(O)) 
70 IF A>R THEN 60 
80 B=R-A 
100 PRINT , 
110 PRINT 3A 
120 PRINT ~ + “3B 
140 R=A+B 
200 PRINT “------- 
210 INPUT G 
220 IF G=R THEN 310 
225 IF G=9999 THEN 500 
230 W=W+l 
240 IF W>1 THEN 270 
250 PRINT “WRONG, TRY AGAIN.” 
260 GOTH 100 

G2, the 

270 PRINT “Y@U MISSED THAT ONE TWICE.” 
280 PRINT “THE CORRECT ANSWER IS 
285 W=0 
290 IF G2>G1 THEN 400 
300 G3TZ 350 
310 W-0— 
320 PRINT CA@RRECT 11° 
330 IF G2<G1 THEN 400 
350 Gl=,9*G1 + .1*SOR(SQR (R/2/1 .75)) | 
400 PRINT \ PRINT HERE S ANOTHER... 
410 GATA 40 
500 PRINT “KAY. SO LONG, 

999 END 

Statements 50 and CO calewlate 
the addends of the problem. 

Statement 390 ges vs 
a moving grade jevel 

Include problem 

in average 

; TO STOP, TYPE 9999 FOR YOUR ANSWER.” 
20 PRINT WHAT IS Y@UR GRADE LEVEL 3 

grade level of the 
done is ai a grade of the student's level G4. 

roblem to be 

: HOPE YOU ENJOYED IT.” 
510 PRINT “YAUR GRADE LEVEL IS Now aay 



We said that if a problem is to be counted inthe student’s 
overall average, it counts 10% of the total. If his current 
grade level (ona particular problem type) is L and the level 
of the problem to be averaged in is P, then the averaging 
formula is simply: 

C= St IP 

A grade level must be kept for the student for each type of 
problem that he is doing. So if a student is dealing with 9 
different math concepts (or standards), he is assigned a 
grade level for each one. 

Our next task is to assign a grade level to each problem 
presented. This unfortunately will vary depending upon 
the local school system, the textbooks used, and teaching 
method. Since we certainly don’t want to store a huge data 
base of problems tagged with a grade level, for each 
problem type, we probably should try to devise a simple 
method of determining its grade level. We must also 
determine what level should be presented to the student. 

One straightforward approach isto present problems upto: 
one-half a grade level over and under where the student 
currently: is. Thus the overall range of problems for a 
student at grade level 3.2 would be 2.7 to 3.7. 
How do we generate the right problems? Let’s consider 

one type for now: vertical addition. Say it’s first introduced 
in Grade 1 and continues through Grade 4 (actually 4.9). 
The simplest problem is 1 +1 andmostdifficult999 +999.In 
other words: 

Grade Level Addend 

1.0 1 

49 999 

Clearly, learning is not a linear process so we can’t use a 

simple linear .formula, hence we need something that 
represents the exponential process of learning. 

999 

Problem 

Difficulty 

4. 
ae Grade level ? 

There are lots of exponential representations like logs, 
powers, etc. A. fairly trivial, but workable formula for this 
problem is: 

Addend = 1.73 x Grade Level 4 

Grade level = WAddend/1.73 

To fill in a few more values on our tables: 

or 

Grade level Addend 

1.0 1 

2.0 au 

3.0 140 
4.0 442 

4.9 997 

Now it’s arelatively straightforward, although somewhat 
tedious matter, to tie all these elements together in a 
computer program. 

A few notes about the program. G2 is a variable that is 
within one-half a grade level of the current level of the 
student, G1. The complicated mess in statement 350 
determines a fair approximation of grade level based onthe 
answer to the problem. The recording of the grade level 
and carrying over to the next lesson is a manual process; 

grade level could just as easily be retained onafile medium 
such as floppy disk or cassette tape and keyed to the name 
or number (heaven forbid) of the student. B 
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cosmic rays are 

bombarding my body 
Cosmic rays 
are bombarding 
my body, streaking 
through my flesh at 
relativistic speeds, 
yet I sit here fearlessly, 
watching the Super Bowl on t.v. 

Steelers 21 
Cowboys 17 

Peter Payack 

Poems by Peter Payack have appeared in The Paris Review, The 
Village Voice, Darkhorse, and Star-Web Paper. A collection of 
14 of Peter’s poems are available in the booklet “Cornucopia” 
available for 70¢ from Peter Payack, 23 7th St., Cambridge, MA 
02141. 

FRIEND 

There is a computer I would like to call friend. 
Then all of my troubles and worries would end. 
It is the lottery computer run by our state. 
Millionaires are made by one stroke of fate. 

If I were to befriend this electronic brain 
My tastes again would run to champagne. 
And the machine I would not soon forget, 
For the two of us together make a fine duet. 

I would make it some flowers made up of wire, 
Feed it a voltage just a little bit higher. 
Install light bulbs a tiny bit brighter, 
Ease the tape tension a little bit slighter. 

We millionaires are a bit touched in the head. 
For my honorable intentions word now I spread, 
Look soon for your newspaper story to carry 
Headlines of “Computer and man soon to marry.” 

Edward Stewart 



ions Further Considerat CAI 
for Presenting 
Multiple-Problem Types 
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Part three in this five-part series on EORUNCA MATHART 
_ = BASIC-E INTERPRETER: VER K1. 3 

Computer-Assisted Instruction 
HI! WHAT’S YOUR NAME? TRACY looks at incorporating a sliding 1 GUESS WE VE NEVER MET BEFORE TRACY 

grade level into programs that ; OKAY, LET’S PLAY WITH SOME NUMBERS 

generate several types of problems. +a 

THAT’S RIGHT, TRACY 

LET’S TRY ANOTHER 

THAT’S RIGHT, TRACY 

LET’S TRY ANOTHER 

WRONG, TRY AGAIN? 55 

WRONG, TRY AGAIN? S56 

THAT’S RIGHT, TRACY 

LET’ S TRY ANOTHER. 

THAT’S RIGHT, TRACY 

LET“S TRY ANOTHER 

WRONG, TRY AGAIN? S4 

WRONG, TRY AGAIN? 62 

YOU GON’ T SEEM TO UNDERSTAND THIS ONE TRACY 
THE CORRECT ANSWER IS 66 

LET’S TRY ANOTHER. . 

Laura L. McLaughlin 44+7 = 

EXAMPLE 1 

16 DEF FNING¢ X2=LEFTECSTRECH+. So, INTCLOGC Bae. SHE555+1 55 
DIM Geés 
NAMESS="NAME. RAND" 
NAMES=41 
FILE NAMES#¢125°% 

IF END #NAMES THEN =hG 
INPUT "HI! WHAT’S SOUR NAME"; NAMES 

FANDOM I2E 
166 COUNT=COUNT +4 

READ #NAMES; NAMEFS, Geis, Gee, Ges, Gedo, Geso, Gee» 
IF NAMES=NAMEFS THEN 5a 
GOTO 166 

26 FRINT “I GUESS WE’ VE NEVER MET BEFORE "i NAMES 
INPUT "WHAT GRADE ARE YOU IN"; Get» 

G¢49=G¢49+. 3 
FOR I=1 TO 5 
Gel+i> = Gels 
NEXT I 

5a PRINT 
PRINT “OKAY, LET’S PLAY WITH SOME NUMBERS" 

P88 PRINT 
PRINT "THAT’S ENOUGH FOR NOW "; NAMES 
PRINT “COME GACK AGAIN SOON" 

g999 END 

Photo by Lisa Sheble 
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PRINT #NAMES. COUNT; NAMES, Geto, Gees, Goss, Geds, GOSs, Geter 



The previous article in this series discussed a method of 
calculating a sliding grade level based on the range of the 
numbers presented in a particular problem. But how can 
we incorporate this concept into a program that handles 
multiple-problem types and what other factors should we 
consider? 

Let’s say we want a program that will generate six types 
of problems for grades 1-4: addition, subtraction, and 
multiplication in both the vertical and horizontal formats. 
We want this program to keep track of a student’s grade 
level for each type of problem separately. We can then give 
him practice problems, in each area, that fall within a half- 
grade on either side of his current level for that particular 
type of problem. The program should constantly adjust 
the student’s grade levels based on the accuracy of his 
responses. 
We would also like the program to be both flexible and 

concise. Flexibility is important so that we can later 
expand and/or modify the types of problems: to be 
presented or the grade levels to be covered. The need for 
conciseness is evident to all (except maybe those with 
their own personal IBM 370). To accomplish this, we are 
going to make extensive use of the BASIC FOR/NEXT and 
GOSUB verbs. 

But before we can generate any problems, we must have 
a means of obtaining the student’s grade levels. Since we 
are now talking about six different levels based on 
problem type and format, it is no longer practical to expect 
the student to enter his grade level data. Therefore, we are 
going to build a file with one record for each student. It will 
contain his name and a level for each type of problem. 
Example 1 shows the beginning and end of our program. 

(1) At 100, we search through the file for the student’s 
name. When a match is found we can proceed with the 
session, since we have his current levels. 

(2) If there is no record for a student, we must ask him 
what grade he is in. This will provide us with initial values 
(see Line 300). 

(3) Since his true level is probably somewhere between 
what he answers and the next higher grade, we will set our 
initial values up by three-tenths. Remember, the program 
will adjust these numbers in either direction based on his 
ability, so the initial grade levels are not absolute. 

(4) The end of the program (at 7000) either updates or 
creates his record with the levels that have been adjusted 
during this session. 

Just a word about the function (FNIN$) defined at the 
beginning of the program. As you may know, each of the 
different BASICs available has its own “quirks” (or, more 
accurately, problems). This program was developed using 
BASIC-E Version K1.4. One of its “quirks” is that on 
occasion it will incorrectly convert anumeric integer intoa 
string variable as a non-integer number (for example, 93 
becomes “93.00001”). The function FNIN$ is used to 
correct this problem. When writing a CAI program, it is 
essential that all such inaccuracies be identified and 
corrected or it will result in confusing, rather than helping, 
the student. Check your BASIC, nothing is perfect. 

Now, what kinds of common subroutines can we use? 

Well, Example 2 shows four of the more obvious ones. The 
routine at 4000 will set up to three random numbers based 
on the value of G1 (the student’s grade level). The formula 
for determining the maximum value of any one of the 
numbers is the same as used in the previous article for 
addition problems (Addend = 1.73 x Grade Level™4.)* 
However, we have provided the formula with greater 
flexibility by making the values for both FACTOR and 
POWER variable. This way they may be changed based on 
problem type. Note that the value of NUM must have been 

*Some terminals use this “upside-down saucer” to indicate exponentia- 
tion, rather than an up-arrow. 

previously set for both this routine and the two that follow. 
Routines for printing a problem vertically or horizontally 
are shown at 5000.and 5500 respectively, with the type of 
problem determined by the value of OP$. The last routine, 

at 6000, will get the student’s answer and process it. Three 
incorrect responses are accepted prior to showing the 
right answer. Note that this could be easily changed to 
vary depending on grade level, if we later determined that 
allowing only two mistakes would be more appropriate for 
the younger student. We then decide if the problem should 
effect his grade level and do the calculations if necessary. 
We are now ready to write that part of the program which 

will actually generate the problems. The code in Example 
3 will generate addition (1000), subtraction (2000), and 
multiplication (3000) problems. Let’s look at it a little more 
closely and see what it really does: 

(1) The values for G1 (student’s grade level), OP$ (type 
of problem), FACTOR and POWER (parameters for 
calculating variables) are set based on the type of 
problem. 

(2) Five problems of each type are presented in 
succession (with the exception that no multiplications are 
generated if his grade level for horizontal multiplication is 
below 2.5). By presenting the same math concept multiple 
times in succession, while at the same time limiting the 
number, we will give him the opportunity to learn from his 
mistakes but decrease the possibility of boredom or 

EXAMPLE 2 

4065 G2=61-. 5+RND 
MAX=INTC FACTOR *#G2" POWER > 
A= INT ¢ RADE MAS 2 
B= INT ¢ RND* MAS > 
IF NUM=2 THEN C=: RETURN 

C=INTCRNG*MAS > 
RETURN 

Saas PRINT 
PRINT " 
IF A=@ THEN PRINT A ELSE PRINT FNINSCAD 
IF NUM=2THEN 5460 
PRINT " : Ale 
IF C= THEN PRINT © ELSE PRINT FNINS¢C? 

S168 PRINT " ";OP$i" "5 re 
IF B=@ THEN PRINT & ELSE PRINT FNINS(B? 
PRINT "-----— i 
RETURN 

ssa 9 PRINT < 
IF A=G THEN FRINT A: ELSE PRINT FNINSCA3; 
PRINK " "5 OPS: " "5 
IF NUM = 2 THEN S606 
IF C= THEN PRINT C: ELSE PRINT FNINS<C3; 
PRINT “ "; OPS; " "5 

Seu IF B= THEN PRINT & ELSE PRINT FNINS<E?: 
PRINT " =" 
RETURN 

6HH8 INFUT ANSWER ’ 
IF ANSWER = F& THEN 62h 
WeW+d 

IF Wee THEN 6166 
PRINT 
PRINT "WRONG, TRY AGAIN"; 
GOTO 66ne 

6168 PRINT 
PRINT "OU GON’ T SEEM TO UNDERSTAND THIS ONE "“; NAMES 

PRINT “THE CORRECT ANSWER IS " 
IF R=6 THEN PRINT F& ELSE FRINT FHINS¢R3 
IF Ge>G1 THEN GOTO 68266 ELSE GOTO 6256 

pave) PRINT 
PRINT “THAT’S FIGHT, “i NAMES 
“IF GeeG1 THEN 6366 

RCMAX “FACTOR » 
IF FOWER = 4 THEN MAX=SORCMAR> 
Gi=. S+G4+. 14MAx 

6268 W=8 

IF OF$="-" AND GeSo<e.5 AND I=18 THEN RETURN 
IF OF$="8" ANG I=16 THEN RETURN 

PRINT 
PRINT "LETS TRY ANOTHER...“ 
RETURN 
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EXAMPLE. = 

1866 G1 = GC4is 
On$ = "4" 

FACTOR = 1. 73: POWER = 4 
FOR I =4 TO 16 
IF Gis4 THEN NUM=2 ELSE NUM== 
GOSUB 4689 
IF S AND Ie6 THEN GOSUB 4568 

I>5 THEN GOSUB 4566 
R=A+E+0 ‘ 
IF I<6 THEN GOSUE SGGG ELSE GOSUE sSo0 
GOSUE 6566 
IF I=5 THEN Gé4%=G1-G1=G¢29 

eastsis) G1=Ges% 
OP ¢="-"" MUM=e 
FOR T=4 TO 4168 
GOSUB 4886 

THEN =A: A=B:B=8 
S AND I<6 THEN GOSUB 4586 

IF G@e3.5 AND I>5 THEN GOSUB 4566 
R=A-B 
IF 126 THEN GOSUB S886 ELSE GOSIJE SsaG 
GOSUE 6566 
IF J=5 THEN Gé2%=61:G4=6¢43 
NEXT I 

6645261 
GOSUB 6566 

8 Gi=G¢53 
IF G1¢2.5 THEN 7a00 
ops=he" 
FACTOR=, 68: POWER=2 
FOR I=4 TO 16 
GOSUE sone 
R=FKE 
IF <6 THEN GOSUE S000 ELSE GOSUE ssaa 
GOSUE 6006 
IF I=5 THEN G¢5%=G4:G1=G¢63 
NEXT I 
Gé6 3-64 
GOTO 7o80 

frustration. 
(3) The value of NUM (number of variables) is set for 

addition based on the grade level of the problem (G2), 
while for subtraction and multiplication it is set to 2. 

(4) When done with a particular problem type, the 
student’s grade level for that type is updated. 
We could have put the generation of all three problem 

types into one large FOR-NEXT loop. This approach 
would have saved us close to 50% of the code necessary to 
produce the problems, but would have made 
modifications and/or additions much more difficult (the 
old ease of maintenance/size & efficiency trade-off). The 

EXAMPLE 4 

4568 IF Acie OF Bite THEN RETURN 
TSTAF=RIGHTECFHINE CAS, 13 
TSTBS=RIGHTECFMINE CES, 13 
TSTR=VALCT STA 2 
TSTE=VAL¢TSTES 3 

IF OF¢="—-" THEN 4660 
IF TSTA + TSTE = 16 THEN RETURN 

IF TSTA > 4 THEN A=A-S 
IF TSTB & S THEN B=B-5 

RETURN 
46 IF TSTA - TSTE == & THEN RETURN 

IF TSTA « S&S THEN A=AtS 
IE See Se! THEN BSB as 
FETURN 

BOE IF G¢S2 == = THEN RETURN 

IF G1ic2 THEN RETURN 
(soit 

GOB I=2 
RETURN 

235 

choice of coding technique should be based upon the 
extent of modification envisioned to achieve the final 
iteration. 
The addition and subtraction loops also call two 

routines we have not yet defined. Take alook at Example 4. 
The routine at 4500 is called from addition and subtraction 
only for problems of that below a particular level. It will 
insure that addition problems will not require a “carry” if 
both numbers are greater than 9, and that subtractions will 
not need a “borrow.” This kind of special editing 
(independent of the range of the variables) must be 
considered for each type of math concept presented. 
Otherwise, we run the risk of completely frustrating the 
student by expecting him to attempt something which 
could well be far beyond his capabilities. Similarly, since 
we do not want to give multiplication too soon, the routine 
at 6500 is used to set the student’s grade level to a value 
that will allow the generation of multiplication problems 
only after he has reached a particular level (grade 3) in one 
of the other types. 
Now that we have a basis from which to work, it will be 

relatively easy to expand upon. Subroutines can be written 
for generating different formats (mixed operations, 
fractions) or more operations (division, square roots). 
Also, additional checks can be included to give astudenta 
larger variety of problems and eliminate those which he 
has already mastered. 

In the next article, we will discuss some of the 
considerations that should be made concerning the 
interaction between the student and the computer. 
Careful thought must be given to such things as edit 
requirements and presentation formats so that the student 
does not need to learn a whole new set of rules. 
Remember, for CAI to be a useful tool, it must be 
something that is easy and comfortable to use. @ 

“How did things go at the lab today Dear?” 



Keeping the Loan 

Arranger Honest 

James A. Warden* 

Most of us have borrowed money atsome time, whether 
to buy a house, to pay for a car or a large appliance, or to 
extend payment on a revolving charge account. The truth- 
in-lending laws may have made us aware that loans do 

cost money and that we can shop around for a place to 
borrow, but the details of computing the monthly payment 
schedule may still seem a bit mysterious. Yet these cal- 
culations are in fact quite easy and anyone with access to 
a computer (or even a calculator) can crank out loan 

schedules at will. 
Let’s get a few basic facts straight first. Usually we 

borrow an amount of money known as the principal 
amount, which is to be paid back in monthly installments. 
We must pay interest on the loan each month, which is 
based on an annual percentage of the principal, or the 
annual interest rate. We might wish to know answers to 
these questions about the loan: If | want to pay it back in 
N months, what is the monthly payment? If | want to pay 
back so much per month, how long will it take to repay it? 
What is the total amount | will pay? 

There are standard loan formulas which can provide the 
answers, and these formulas really are not difficult to use. 
but you can’t generate a payment schedule with them, and 
you may not wish to bother with the mathematics 
necessary to derive them. Instead, we can consider a 
simple recursive procedure which will provide all the 
answers to allow us to see what is going on at the same 
time. If we borrow an amount P and pay it back monthly 

at an annual interest rate of R (per cent), our monthly 
payment M is used first to pay the interest which has 

accrued on the principal during the month. Expressed 
mathematically, the interest due on the principal remain- 
ing is | = P*R/1200. The 1200 comes in because we 
must divide the annual rate by 12 to get the monthly 
rate, and we must divide the percentage by 100 to obtaina 
fraction. The monthly payment reduces the principal by 
M-I, leaving P+I-M to be repaid. Expressing this in the 

form of a “recursive relation’, we have that P(new) = 

P+I-M, which tells us how much we have left to pay (the 

* Cragwall Computer Center Wabash College Crawfordsville, Indiana 47933 

new principal amount) after making a payment on the old 
P. To find out how much we will owe next month, we take 
P(new), insert it in place of P, and repeat the calculation. 
Eventually, P(new) will be reduced to nothing, and we can 

“burn the note”. Of course, P(new) may turn up negative 
on a particular payment, meaning that the payment M will 
overpay the loan. In this case, the final payment will be 
whatever principal is left plus the interest owed on it, 
or P+l. This algorithm is illustrated in flowchart form 
below. 

To find out how many months it will take to repay the 
loan, we simply have to choose a monthly payment, start 

with the principal amount owed, compute the new 
principal owed after a month, and repeat the operation 

until the principal drops to zero, printing the result each 

cycle. If we also put a counter in the loop and display pay- 
ment numbers, the number of payments will be obvious. 
Finding a monthly payment which pays back the loan in 
exactly N payments requires a bit of guesswork. Here we 
pick a reasonable payment, run the calculation until 
the principal drops to zero, note the number of months 
required to pay, and then adjust our guess of the monthly 
payment to come out closer to the desired N on the next 
calculation. In either case, simply summing the monthly 
payments made will give the total cost of the loan. That’s 
all there is to the technique! If it still sounds a bit vague, 
study the flowchart. This algorithm can be written up in 
BASIC, FORTRAN or a calculator procedure. 

If you would like some practice or you wish to introduce 
this technique to someone else, the BASIC program 
LOANER may be of help. This program is one of aseries of 
routines used at Wabash College to generate random 
exercises for the elementary computer science classes. 
LOANER will make up loan problems at random and use 
standard loan formulas to estimate values for number of 
payments for a given monthly payment and the total 
amount paid. 

| would like to thank Prof. T. Mielke of the Wabash 
Mathematics Department for some of the ideas developed 
in this article. @ 



Insert 

Interest rate R 

Principal amount P 

Compute interest 
accrued on 

principal 

Replace I & P*R/1200 

P @ P(new) 

= Compute new 

principal amount 

P(new) & P+I-M 

Is 

this value 

greater than 

zero? 

yes 

no 

Display 

zero as principal 
P+I as payment 

Figo 1 -- Flowchart for an algorithm which 
generates an amortization schedule 

100 REM LOANER -- AN EXERCISE GENERATOR 
120 REM J. WARTIEN WABASH COLLEGE 
1490 RANIIOMI ZE 
160 REM GENERATE VALUES OF FRINCIFALs RATE» ANID FAYMENT 
180 P= INT CRNIUKSOOKLO+FLOOO, 

200 R=INT CRNDK20+20) 6S 
220 M=INTCPK(.O7+RNDIK. OS) > 

240 FRINT 
260 PRINT*WRITE A BASIC FROGRAM WHICH WILL GENERATE AN AMORTIZATION" 
289 FRINT"SCHEDULE OF MONTHLY FAYMENTS FOR A LOAN OF Cay Es 
300 FRINT'TO BE REPATIO AT AN ANNUAL INTEREST RATE OF “sR "PER CENT." 

320 FRINT*ASSUME THAT THE MONTHLY FAYMENT IS sani cm rete 

340 PRINT 
360 PRINT“ INCLUDE IN THE SCHEDULE THE FAYMENT NUMBER, THE FRINCIFAL® 

380 FRINT*REMAINING, INTEREST» AMOUNT FATTO TO FRINCIFAL» ANT THE® 
4900 FRINT®FAYMENT. AT THE ENIty DTSFLAY THE TOTAL AMOUNT FATID.* 

420 REM GENERATE COMPARISON VALUES FOR NUMBER OF FAYMENTS 

440 REM ANDI TOTAL AMOUNT FAIL FOR THE LOAN 

LIYE 460 A = 1 + R/1200 

480 N=INTC (CLOGCM)-LOG(M-FX(CA-1.)))7LOGCA) ) ne 

300 AL=(1-.-ATNI/ CIA) 
920 THFP+CR/1 200) KC FP KAR - MKCN-A2Z)7(C1-A)) 

340 T=INT(T+.49) 

560 PRINT 
580 PRINT* (HINT? FOR THE FIGURES GIVEN», THE LOAN SHOULD REQUIKE*?N 
600 FRINT"FAYMENTS ANI A TOTAL OF ABOUT "ry Tr "WILL BE FAIL.) " 

620 END 

REALY 
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short programs..... 

Changing Bases 
Here’s a clever little program (which 

could be used as a subroutine in a 
larger program) to convert from one 
base to another, in particular from base 
10 to a new base between 2 and 16. The 
crucial parts of the routine are foundin 
statements 150-170 which determine 
how many digits are in the new number 
by raising the new base to successively 
higher powers and checking if the 
resultant number is larger than that to 
be converted. For example, if we 
wanted to convert 15 to base 2, 
statements 150-170 would change 
variables as follows to finally meet the 
condition of BP greater than N(1). 

B P- BP N(1) 
PaO 4 15 
Zee ae Map 15 
2 19) 4 15 
Py eet: 15 
Orde 1G. 15 

Hence, the routine has determined that 
there are 4 digits (P) in the new 
number. 

Statements 180-210 then do the 
actual conversion and deposit the new 
number in D(1) through D(P). We’re 
not going to tell you how it works but 
leave that up to you to figure out. 
Thanks to Jim West of Teletype 

Corp. for leaving this little gem in my 
GE timesharing account. — DHA. 

090 
095 
O96 
097 
100 
110 
115 
120 
125 
126 
127 
130 
131 
133 
135 
140 
150 IF B*P > NCI) THEN 180 

160 
170 
180 
190 
200 
210 
220 
230 
235 
240 
245 
250 
255 
260 
265 
270 
300 
999 

Program Listing 

REM BY JIM WEST, WILMETTE, IL, 
DIM D(20), N(20) 
FOR J=1 TQ 6\ READ DS(J)\ NEXT J _ | 
DATAS AA co Be ce Ope one Das SEI e, 
PRINT “THIS PROGRAM WILL TAKE A POSITIVE INTEGER (BASE_10) 
PRINT “AND CONVERT IT T@ ANY NEW BASE BETWEEN 2 AND 16 \PRINT 
REM | INPUT _ 
PRINT ~NEW BASE ="3\INPUT B 
IF B < 2 THENI20 
IF B > 16 THEN 120 
IF B = INT (B) > O THEN 120 
PRINT “INTEGER (BASE 10) ="s3\INPUT NC1) 
IF NCL)©INTCNCL)) > O THEN 130 
IF NC1) < 0 THEN 130 
REM CALCULATION 
LET P = 0 

(312)256-1621, JAN 1977 

The input section 
Cheeks for invalid 
iMpst, decimals , 

nesanve num bers 
aud the like 

The digits of the 
new nomber are 

put in D(4) ~ p(P) . 

LET Pos P 4-1 
GOTS 150 
FOR I = 1 To P 
DI) = INT (NCI) /B*(P-1)) 
LET NCI+1) = NCI) = (D{I)*B*(P-1)) 
NEXT I 
REM OUTPUT 
PRINT\PRINT | 
PRINT NCI); ~GASE 10) =" 
FOR I = 1 TOP 
IF DCI) > 9 THEN 255 
PRINT D(I)$\G@T@ 260 
PRINT D$(D(I)-9)3 
NEXT I_ 2 y 
PRINT ~ (BASE; B; ~) 
PRINT\PRINT\PRINT 
GOT@ 120 
END 

THIS PR@GRAM WILL TAKE A POSITIVE INTEGER (BASE 10) 
AND CONVERT IT T@ ANY NEW BASE BETWEEN 2 AND 16 

NEW BASE =? 2 Sample Run 
INTEGER (BASE 10) =? 1977 

1977. GASE 10) = t=. <1 15.0) .1 oly tenOp Oe a COASES oR) 

NEW BASE =? 8 
INTEGER (BASE 10) =? 1977 

1977 (BASE 10) = 3 6 7 1 4GBASE 8 ) 

NEW BASE =? 12 
INTEGER (BASE 10) =? 1977 

LST 7 CBASES 10) == le lee S ee See CBAS Em low) 

NEW BASE =? 16 
INTEGER (BASE 10) =? 1977 

1977 @ASE 10) = 7 B 9 (BASE 16 ) 
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Delving Into 
Depreciation 

This simple little program computes 
annual depreciation on a capital item 
using 3 different types of depreciation. 
The IRS generally allows any type of 
depreciation as long as it is consistent; 
in other words you can't. start 
depreciating an item using the double 
declining balance method and then 
switch to straight line. 
Why different methods of deprecia- 

tion? Because depreciation serves 
different purposes. Say you're a car 
leasing firm; then most of the 
depreciation occurs early in the life of 
your capital goods (automobiles) and 
you might want to use the double 
declining balance or sum of digits 
method to reflect this. On the other 
hand, an auto service shop might buy 
a hoist with an expected 5-year life. 
Because you expect the income of the 
shop to increase over time you’d like 
to push as much of your expenses as 
possible to future years to offset the 
increased taxes. Hence, you would opt 
for straight-line depreciation. 

To delve further into the mysteries 
of depreciation as an indirect source 
of capital and also the tax effects, | 
recommend almost any _ business 
finance text such as Hunt, Williams, 
and Donaldson: Basic Business 
Finance published by Irwin. — DHA 

Systematic Savings 
When is it worth taking a simple 

algebra or finance or engineering 
formula and writing a computer 
program around it? Why not simply 
use an $8 calculator to get the result? 
Generally that’s the best bet except 
when you want to use the formula over 
and over again or when amounts are 
being accumulated from one calcula- 
tion to the next one. 

Here’s such an example. This 
program computes the total amount of 
money which will accumulate under a 
systematic investment program. The 
entire forumla is contained in Line 20; 
S is the net investment year by year. 
Use it to find out how much you could 
save if you weren’t investing ina home 
computer, peripherals, terminals, 
software, etc., etc. — DHA 

Those who deny freedom to others deserve it 

not for themselves. 

120 PRINT “@RIGINAL COST OF ITEM (DOLLARS, N@ CENTS)"; 
130 INPUT C 
140 PRINT LIFE OF ITEM CYEARS, NO MONTHS) "3s 
150 INPUT L 3 
160 PRINT SCRAP VALUE (DOLLARS, N@ CENTS) ; 
170 INPUT S 
180 PRINT | i 
190 PRINT “YEAR”, STRAIGHT”, SUM_@F”,” DOUBLE™ 
200 PRINT PE WLINE:. “DIGITS” , “DECLINING 

es Bat Waive +o = apa taa = Cost - Scrap Valve 

230 DI=VAL > Straight Line dep'n = Value /Nears 
240 Y=CC(L+1) /2)*L 
250 Z=L Sum of eee its 
260 FOR X=1 T@ L eee 
270 D2=Ve (ZY) 
280 Z=Z-1 Dovble declint ing balance 

Aeprecizhen 
290 D3=2*C 
300 C=C-D3 
310 PRINT X 
312 Q=D1 
314 GOSUB 
316 Q=D2 

318 GSUB 
320 Q=D3 

322 GOSUB 
325 PRINT 

330 NEXT X_ ; 
350 PRINT ~ FINISHED 
360 GBT 999 

Q =I NT (Q*100) 7100 
220 IF Q>100 THEN 440 
430 PRINT ~ “3 
440 IF Q>10 THEN 460 
450 PRINT "3 
460 PRINT “$Q, 

490 RETURN 
999 END 
RUN 

ORIGINAL COST OF ITEM CD@LLARS, N® CENTS)? 3900 
LIFE @F ITEM CYEARS, N@ MONTHS)? 5 
SCRAP VALUE (DOLLARS, N@ CENTS)? 400 

° 

400 

400 

400 

Print rouhne rounds 
off +o an even 
wwber of dollars 
or dollars and 

eceuts. 

YEAR STRAIGHT SUM OF DOUBLE 
LINE DIGITS DECLINING 

1 $ 700 $ 1166.66 $ 1560 
2 $ 700 $ 953.33 $ 956 
3 $ 700 $ 700 $ 561.59 
4 $ 700 $ 466.66 $ 336.95 
5 $ 700 $ 233.33 $ 202.17 

FINISHED 

1 PRINT * THIS PROGRAM COMPUTES THE TOTAL AMOUNT OF MONEY 
2 PRINT ” WHICH, WILL ACCUMULATE UNDER A SYSTEMATIC INVESTMENT PROGRAM 
3 PRINT\PRINT “HOW MUCH D®@ Y@U WANT TQ INVEST PER YEAR $ 
4 INPUT A\PRINT “HOW MANY YEARS 3\INPUT N 
> PRINT “ANNUAL RATE OF INTEREST (PERCENT) ~ 
6 PRINT\PRINT YEAR’, TOTAL INVEST™ 
10 FOR Nl=l TO N 
20 S=A*(CC1+(R/100)) -N1)=1) /(R/100) 

a 
30 PRINT N1,N1*A,S The standard terest Becumulahon 

$\INPUT R 
“TOTAL ACCUMULATED™ 

pio 3 formula seems disguised ‘iw Basic Code: 

ge ALC)" -1) 
Le 

READY 

RUN 

THIS PROGRAM COMPUTES THE T@TAL AMOUNT OF MONEY 
WHICH WILL ACCUMULATE UNDER A SYSTEMATIC INVESTMENT PROGRAM 

H@W MUCH D@ YOU WANT T@ INVEST PER YEAR? 5000 
HOW MANY YEARS? 10 
ANNUAL RATE OF INTEREST (PERCENT)? 6,7 

YEAR TOTAL INVEST TOTAL ACCUMULATED 
1 5C00 5000 
“2 10000 10335 
3 15000 16027.4 
4 20000 22101 .5 
5 25000 28582.1 
6 30000 35497.1 
i 35000 42875.4 
8 40000 50748. 
9 45000 59148.1 
10 50000 68ll1.1 
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LISSAJOUS 
This program prints Lissajous patterns. You enter relative wh ae epi 

‘x and y frequencies, and phase. Two versions of the Ap U ee CPBB Ge 
program are listed here—one in MITS Extended BASIC, and * wee mcaore y 
one in IBM 370 BASIC for more primitive machines. The 
IBM 370 version permits you to specify the width of the 
lines in the pattern. Note that the program in MITS BASIC 
uses the FIX function. If your BASIC doesn't have this, try 
Y1=SGN(Y1)*INT(ABS(Y1)+.5), etc. . 

The Lissajous pattern plotter was written by Larry Ruane ; a 
and modified by several other people. t see 

10 DIM YC 10) 33% sists 

100 REM. STEP-WISE LISSAJOUS . ees rsateee 
110 PRINTS P23. 14159 : yit its 

120 PRINT “RELATIVE FREQe FOR X"38 INPUT FisiF INTCFI)<Fl THEN 120 : sik ts, yi 

tee IF Fi<i THEN 120 : pis° “3k. Be 
125 FeFitFisgePer) <2 ; 
130 PRINT “RELATIVE FREQ. FOR Y°33 INPUT Fet IF INTCF2)<F2 THEN 130 
138 IF Fe<l THEN 130 
135 PRINT “Y PHASE, MULTIPLE OF PI™32 INPUT Pt P2ePePe 
140 Fe=gepere 
150 FOR Xi=-18 To 18 .s 
160 XeX1/1628GOSUB 19708 TI°Xs Te=P-x : 
162 FOR I=0 TO F-1 : sien wae ie 

165 T39(TIseelePr/Fls Tas TReeeleP)/FI : dg Be 2Boe 
170 ¥1930eSINC FReT3¢P2)s ¥ 2= 308 SINC F2eTAsPQ) : 
160 ¥LoFIXCY1+SQNCY 12/2) 0YSeF1XCY 8+ SGM Y2)/2) : sicits 
190 YC @eL ey 1sYCeelel eve ., ~ spasee UHR ae : 
200 NEXT I JOB odadoppdanab? ose USOB sopaghosocs 233 
210 FOR Jel TO SeF-1s1eJ-18T=¥CU) 
220 IF T>=¥C1) THEN 240 
830 YC1¢L =¥CIDSIel-isF 1><0 THEN 220 » >. o » * 

840 Y¥CJoleTsNEXT J as »- * * * ie se oe 

250 FOR 120 TO SeF-1 * 4 * * * * * * rome 
8260 IF IeO THEN 260 AL * * o * re ry 
270 IF YCI>#¥CI-1) THEN 290 * 4 * * * * 4 
260 PRINT TABC 36¢YC1) 3 es Ak Py * * * * * > 
290 WEXT I a * © * * * * a, oe oe 
300 PRINT oe * * * * Serene 
310 WEXT Xi ee ry ES * * oe by 
1690 STOP * * 8 * * > * + * 
1960 REM8 ----- occ nennn- ore * 4 * pW ee cc 
1970 IF ABS(X)<.1 THEN 2020 * o* * 4 » 9 ae » 
1980 X=X/C SQRC 1*X)*+SOQRC( 1-X)) * as * * ” * + * 

1990 GOSUB 1970 * res ae +” ae * 
2000 X= ex * * * * ’ * 
2010 RETURN * * ’ + * 
2080 XeXeXt 3/64+.075eXt SOX 7/8204 * . +e +e * * 
2030 RETURN a ee oe ** ae * 
2040 END * ae > * »~_ + ae *» 

* a* » * ~ * oe * 

» *- * * » * » » 2 * 

a >» » » ” » * » » * 

> * > * » * * * » » 

00010 REM - LISSAJOUS PATTERN PLOTTER BY L. RUANE, ST. VIATOR H.S. ret ak * » * * > * 8 
00020 REM - IBM 370 - HARPER COLLEGE, PALATINE, ILLINOIS ol koe * * * * fay a 
00030 DIM M(120) Pars * ’ ’ ry . * ack 
00040 PRINT "ENTER FREQUENCY RATIO - FOR BEST RESULTS, ENTER SMALLEST NUMBER FIRST" a4 * * * ’ * v3 
00050 INPUT A,B Piers A a ‘ a 4 . ee 
00060 PRINT "ENTER PHASE - DEGREES" rae ’ m sf * . + Pe 
00070 INPUT P ag eet Ae uk ee ae 
00080 PRINT "ENTER TOLERANCE - CONTROLS THE THICKNESS OF THE CURVE" * * + + * 
00090 PRINT "A GOOD VALUE 1S BETWEEN 0 AND , 2" 
00100 INPUT T 
00110 GO TO 370 La 
00120 FOR Y=#-32 TO 32 eae +” 
00130 F#ASN(-Y/32) nae ** 
00140 H,K=0 ee * 
00150 K=Kel add + 
00160 FOR X=0 TO 1 sdadad * 
00170 N=(X*(&P1-2*F)+F+2*&Pl eK) *A/B+RAD(P) beds , 
00180 FOR C=-.5 TO .5 aoe * 
00190 FOR J=0 TO T#A/B STEP 3/80 ane 4 
00200 R=INT(SIN(N4Jd*C) #160/34200/3) diated dd 
00210 M(R)#1 aoe * 
00220 IF R<H THEN 240 roe a” 
00230 H=R aan a 
00240 NEXT J am * 
00250 NEXT C ae +s 
00260 NEXT X ae one 

00270 IF K*A/B>INT(K*A/B) THEN 150 es +0 
00280 FOR X#=1 TO H ** a” 
00290 IF M(X)=1 THEN 320 ** oe 
00300 PRINT " "; ala aan 
00310 GO TO 340 * RAM 
00320 PRINT "“e"; a” Pees 
00330 M(X)=0 * 
00340 NEXT X » 
00350 PRINT * 
00360 NEXT Y » eae 
00370 FOR J=1 TO 5 * 
00380 PRINT * 

» 00390 NEXT J * aan 
00400 IF Y=0 THEN 120 am aan 
00410 END aan 
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Polygons; The Algebra of Symmetry 
There is an important mathematical system that is not 

based on numbers, but on changing the position of a given 
polygon. : 

Imagine a rectangle that is lettered on both sides with the 
same letter in the same corner. In how many ways can you 
pick up the rectangle lettered ABCD and then ‘‘spin”’ it or 
“flip” it so that when you put it down the shape looks the 
same but the letters are in different positions. 

/ 

\a 

Exercise: Make yourself a paper rectangle like the one 
above, use it to try out the manipulations discussed below. 

One way is to flip it on its vertical axis of symmetry: 

BEFORE FLIP AFTER FLIP 

This is the ‘’V” (flip on vertical! axis) configuration. The 
other possible motions (and their resulting configurations) 
are: 

“H" (flip on horizontal axis) 

“R” (rotate rectangle 180°) 

“I” (itself, a rotation of 0° 
or no flip—the identity) 

These are the elements of the system: 

Revit 

The binary operation of following one motion by another 
will allow us to create a table like this: 

Exercise: Finish the table by manipulating your rectangle. 
What are the properties of this table? 

Regular Polygons 
From here on we will be considering only the regular 

polygons. 

Exercise: Make a paper equilateral triangle. Instead of 
lettering the corners, number them. Can you do the same 
motions with it as with the rectangle? 

3 For the sake of simplicity, 
we will start using the fol- 
lowing notations (which 

can be used for all regular 
polygons). 

1 2 

Rg will be a rotation of O degrees (replaces |) 

Rk will be a rotation of k * (360/n) degrees 
where n is the number of sides of the polygon 

So, for n =3, a triangle, there are three possible rotations or 
spins. 

Ro = 0° rotation 0 * (360/73) =0 

R41 = 120° rotation 1 * (360/3)=120 

R2 = 240° rotation 2 * (360/3) = 240 

There are also three flips, and a new notation for them. 

= 
‘ ‘s 

tye D> 
My (M stands for ‘mirror’ reflection 

' since flips give the same result as a 
~ reflection) 

<= wo 

A table for the 3-sided regular polygon (alias equilateral 
triangle) would look like this: 

“followed by” ||R 9 R, Ra My My Mg 

RO 

R2 | 

Exercise: You guessed it! Use your paper triangle to fill in 
the above table. Look for its properties. 
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You can see that it would get quite tedious to try to 
uncover the properties of all the regular polygons by hand 
this way. 

However, try one more, since there is a slight variation 
when the number of sides is even. 

Symmetries of the Square 
Using the formula previously given, with n = 4 you can 

find that the number of rotations of the square are 4—0°, 
90°, 180°, and 270°. 

Exercise: Make a paper square. How many flips (reflections) 
does it have? Can you classify them into two kinds? Make a 
table like the one for the triangle with the spins and flips in 
the following order: 

Ro, Ri. R2,R3,01,02,M 1, M2 

where D stands for “diagonal flip’’ and M, for a flip that 
bisects opposite sides. 

Note: It is possible to write a computer program to produce 
this, and all other tables from the symmetries of regular 
polygons. However, it is usually a good idea to go through 
the construction of tables, by hand, before trying to write a 
program. An annotated listing and a run of one such pro- 
gram is included at the end of this module. 

Exercise: (optional) Make tables for the pentagon, hexagon, 
octagon, etc. 

Designs from Symmetries 
Designs based on these tables can be quite surprising 

and beautiful. 

Exercise: (NOT OPTIONAL) Fill in the rest of the above 

design using colored markers. You decide whether to 

repeat, reflect, or rotate the original design. 

Exercise: (optiona!) There are other plane figures which 
have symmetry but are not regular polygons, such as 
rectangles, parallelograms, trapezoids, and rhombuses. 
Devise a computer program to produce the table for one of 

these figures. 
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ENTER THE COMPUTER 

Here’s a RUN of the computer program we promised earlier. 
The program listing is on the following page. 

7 3 

R@ =1 2 
Rig p=sce2 wag ti 
Rom * 3) cle ce 

Mizce-= 1 3 2 
Me = 3 2 1 
MoP = "2S ob 73 

ROSS Chee NM iaeMoeers 

RI Ree RO) Me Mo Mi 

Rea RO nie See ee 

M1 M3 M2 RO R2 Ri 

M2 Mi MS RI RO Re 

M3 M2 Ml Re RI RO 

24 

RO =1 2 93 4 
Rl = 2 3 4 1 
RE = 3 4 1 @ 
RO = 44 ol V2 2ac 

Dives iP 4 oe 
be =3 2 1 4 
Ml = 2 1 4 3 
M2 2# 4 3 2 1 

R@ Rl R2 RB DI de M1 M2 

Rl R2 RS RO M2 MI OD! D2 

R@ RS RO RI D2 DI Me MI 

R3 RO RI R2@ M1 Me D2 DiI 

Di Ml De M2) RO, Re SRigera 

De, Me Di Miv Re (RG Shown 

Mi De M2 Di RS RI RO Re 

M2-,DIO Mi D2" Rly RSy Rew 

FURTHER READING: 

A First Course in Abstract Algebra, by John S. Fraleigh, Addison-Wesley, 
1967. 

Mathematical Reasoning, Anita Harnadek, Midwest Publications, 1972. 



LIS T 

POLY 4 04:26 PM b6=DEC=7'5 
18 

11 

re 

|S 

16 
17 
18 
20 

PRINT'THIS PROGRAM CALCULATES THE ROTATIONS AND KEFLECTIONS 
PRINT"OF THE REGULAR POLYGONS . 
PRINT “WHAT NUMBER OF SIDES ¢>2) DO YOU WANT?" 
Saw fe 

RS2"R" 

D3="D" 
M3="™" 
INPUT N 
PRINT 

IF 360/N=INTC360/N) THEN 8@ 
PRINT “THERE 1S NO REGULAR POLYGON OF"3N3 "SIDES WITH INTEGRAL ANGLES‘ 
GO TO 28 

DIM C(20410) 
D=60 

REM CALCULATES THE ROTATIONS 
FOR v=@ TO N-1 
ROR =— 1 10. N 

LET CCv+lstd=!1 
NEXT I 
FOR L= 1 TO N 
Q=Lt+V 
IF Q>N THEN Q=Q-N 
C(V+1lsL)=Q 

NEXT L 

PRINTUSING F$sRSs V3: PRINT"="5 
FOR I= 1T0 N 
PRINT CCvV+ls1)3 
NEXT I 
PRINT 
NEXT V 
PRINT 
REM CALCULATES THE FLIPS 
IF N/2 = INTCN/2) THEN D=@ ELSE D=1 
IF Ng2 = INTCN72) THEN A=N/2 ELSE A=N 
FOR eH 10 TON 

P= N+2-1 
IF P>N THEN P=P-N 
C(N+1,1)=P 
NEXT I 
v=1 

335 K=N 
GO SUB 45@ 
FOR K=N+1 TO 2*N-1 
FOR L= 1 TON 

CCK+1lsL)= CCKsL)+2 
I¥ K=3*N/2 THEN CC K+15,L)=CCK+1sL)+1 
IF CCK+1sL)>N THEN CCK+I1s,L)=CCK+1,L)-N 

NEXT L 

V=V+1 
GOSUB 458 

NEXT K 

GO TO 548 

REM PRINTS OUT D’S AND M’°’S 
IF v>A THEN D=D+T 
IF v>A THEN vV=1 
IF D>1 THEN 5498 

IF D>@ THEN PRINTUSING F$sM$s V3 3:PRINT'="33GO TO 510 
PRINTUSING FSsDS$s V5: PRINT="5 
FOR I=1 TO Nz: PRINT CCK+151)3:NEXT I:PRINT 
RETURN 
PRINT 

REM CALCULATES THE PRODUCT USING FIRST 2 NUMBERS 
FOR K=1 TO 2x*N 
FOR K1= 1 TO 2*N 

FOR 1I=1 TO 2 

J=C(Ksl1) 
TCLY=ECCK1l oJ) 
NEXT I 
REM NEXT PART RECOGNIZES ANDPRINTS RESULT 
1F TC1)<>N-1 THEN 652 
IF TC2)=TC1)+1 THEN 726 
IF TCQI=CTCID+F 1 -INTCCCTOC1)2+129/N))*N THEN 720 
IFTCID72=INTOTC 172) THEN TCLS 0CTC1)+14+NI72 ELSE TC1)=€TC1)+1)972 
IF N/2<>INTCN/2) THEN 706 
IF T01)<=N/5 THEN PRINTUSING FSsD$sTC1)232GO TO 73 
PRINTUSING FSsMSsINTCTC1)-N/2)3: GO TO 736 
PRINTUSING FSsM5s TC 1) 

GO TO 730 
PRINTUSING FSs RS, TC1)-13 
NEXT K1l 
PRINT:PRINT 
NEXT K 
GO TO 290 

END 248 
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Musical Magic Squares 
b ° o s 

Fred T. Heteeter Prog ram Listing 
; R : Hy PRINT MASQUA 

In music, the term ‘‘magic square’’ refers to the 
1000 REM MAGIC SQUARE GENERATOR 

compositional matrix used by composers of 12-tone music. 1010 REN 
F FNM(X*Y)=xX- 

The twelve-tone school was started by Arnold Schoenberg, 1030 REM MODULUS FUNCTION GIVES THE REMAINDER OF X DIVIDED BY Y 

who discovered that if music was composed such that one pee eae at a? 
A i 1 1060 PRINT of the twelve tones is repeated until every other tone is ASTER Lt CHRLOAEE ae TRG BERG NG 

used, an atonal texture would result. Atonal means that po a aR eae 
there is no tonic, or that there is no ‘‘do re mi.” 1100 PRINT 

. 1110 PRINT 
A twelve-tone row is a set of numbers from 1 through 12 1120 PRINT 

typed in any order with no repetitions. Twelve-tone music prea! By nO ry nC GU Rae 
uses a row and permutations of the row. The permutations ee 
consist of transpositions which are the pattern of the 1170-REH BTS THE COUNTER FOR THE ROWS OF THE SQUARE 
original row started on different notes; retrogrades which 1190 REM C KEEPS TRACK OF THE DIFFERENCES BETWEEN SUCCESSIVE ROWS 

ra <4: 1200 FOR D=1i Ti rs 

are the original row and the transpositions played 1210 REM D 1s THE COUNTER FOR INDIVIDUAL ELEMENTS OF THE ROWS 
Aer ’ H ; H 1220 LET E=FNM(C+A(D)-1712) backwards; inversions which are mirror-images of the IS30 REN) | ELE, THECACROA ETE, TIAT. GHGULD BELERTGEE 

Geet p a ° 1 tes 1240 IF E=0 THEN PRINT “CN °%3 original row and its transpositions; and retrograde inver See AES esc eee 
sions which are the inversions played backwards. The 1260 IF E=2 THEN PRINT ‘DN ‘+ 

4 1270 IF E=3 THEN PRINT “E? ‘%% 
magic square program asks for a twelve-tone row. It then 1280 IF E=4 THEN PRINT EN °3 
computes the transpositions, inversions, retrograde inver- TAOS AF EESUHEWER INO CO ne 

i i 1310 IF E=7 THEN PRINT “GN °3 sions, and retrogrades of the row, and prints them out as a Ae 2a at eaticably Rasen 
matrix. The matrix is read as follows: 1330 IF E=9 THEN PRINT “AN *i 

f left. to right yields 1350 IF Exil THEN PRINT “BN 3 il. Reading _fows from le o rig y oui ; 
transpositions. 1370 PRINT 

Di Reading rows from right to left yields 1390 IF B>11 GOTO 1050 
1400 REM IF FINISHEDs ASK FOR THE NEX Piece 

retrogrades. 1410 LET B=B+1 Se 
H i 1420 LET C=C+A(B-1)-A(B)+12 

3. Reading columns from top to bottom yields 1430 REM OTHERWISE»+ GO BACK AND DO THE NEXT ROW 
inversions. 1440 GOTO 1200 

7 . e 
4. Reading columns from botton to top yields 

retrograde inversions. 

Two special symbols are used in the matrix: N means 
natura! and ? means flat. It takes about half an hour to make N= Natural 

a magic square by hand. The computer does it in just a velne 
second. = onarp 

Sample Run 

WHAT ARE THE ROW NUMBERS? 3y¥7v1191910%81499rbe5y 2912 

MAGIC S QUATRE 

IN F# EB? CN AN GN EP AP FN EN C#_ BN 

Br DIN F# A? FN E? BN EN C# CN AN GN 

Fe BEB? DN EN C# BN GN CN AN AP FN EP 

EN A? CN DN BN AN FN BP GN FE EP CF 

GN BN E? FN IIN CN A? C# BP AN F# EN 

AN C# FN GN EN DIN EB? E? CN EN A? F# 

C# FN AN EN A? F# TIN GN EN EP? CN EP 

A? CN EN F# E? C# AN DN BN EP GN FN 

BN E? GN AN F# EN CN FN IN C# RB? A? 

CN EN A? 8B? GN FN C# F# EF? BN EN AN 

E? GN BN C# EB? A? EN AN FE FN IN CN 

FN AN C# E? CN EB? Fe EN A? GN EN DEN 
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x+* GENERATOR PROGRAM FOR ELEVEN TYPES OF SCALES *+* 
20 REM Written by Marvin S. Thostenson, Assoc. Prof., School 

HEN of Music, University of Iowa, Iowa City, Iowa 52242. 
DIM A$C10),B$(50),C$(50),D$(65],ES(65) 
DIM FSL72],G$(72],H$(72),1$160),J$(50] 

10) REM 

Seales . Program Listing 
DIM K$(40],L$0(40),M$(50),NSL40],0$(40) 
DIA 81$£20),C1I$(101],DIS(19],EISC1IO),FISLIOI 

134 DIM GISl10),HISCIO],11$(10),A0$£ 30)],BO$l 20), 00$[ 30) 

140 A=B=C=D=E=H=K=L=M=N=0=P=9=R=T=U=V=X=Y=Z= 
200 N=4 
210 PRINT "ELEVEN SCALE TYPES — MAJOR, MINOR, MODAL, AND WHOLE TONE"3LIN(1) 
220 PRINT "This program prints in letter names, one octave upward, the major," 
225 PRINT "the natural, harmonic, melodic, and Hungarian minors, the" 
227 PRINT "dorian, phrygian, lydian, mixolydian, and locrian modes, and* 

’ “fg - 229 PRINT "the whole tone scales."$LIN(1) 
All you ve ever wanted to see (if its 1 1 ) and 230 PRINT “Use a 3- or 4-character input; the first 2 char’s are the Scailie 

didn't h k f 232 PRINT “type, and the 3rd char’r is the single letter tonic, or be 

| 234 PRINT “last two char’s are the tonic degree or the key signature. 
ave a program to as Or... 240 PRINT "SCALE TYPES-- ma na ha me do ph ly mi lo hu and wh* 

250 PRINT “Input either a tonic or a signature." 
260 PRINT "EXAMPLES: macb lydb mieb whgb naf# hag# mea# loc# doc phd hue” 
270 BS="SCALE ASKED. —----—— oe 

by 280 CS="ANSWER (in letter names) -------—— LJ 
_ 290 OSl1,14J="STRUCTURE--— " 

Marvin S. Thostenson SOO meee oes 
Language: HP 2000/Access BASIC ee ne HERO TBE DA ECL TYPE OF SCALE IS WANTED?” 

ct r 

To practice spelling and observe the differences among S10) 5 EAS) oak eae 
7 ="stop 

the scales, use this program. It generates 11 types of scales: 360 £$="nanahamedophlymilohuwh" 
. . - - - < 370 FOR X=1 TO 22 STEP 2 

major, natural minor, harmonic minor, Hungarian minor, 380 IF ASl1,21=£S(X,X+1] THEN 400 
dorian, phygian, lydian, mixolydian, locrian, and whole Pade a ay 
tone. 410 AOS=AS 

é f ae g 420 AOSCT 1,1 J=UPSS(AOSE1,1)) 

When you run this program, you will be asked, ‘Which A30 5 BEAD Oe 
type of scale is wanted?’’ Respond by typing the first two 450 AOSC1,1]=UPS$(AOSL1,11]) 

- - - 460 Ir D${(1,2]=AO${£1,2) THEN 480 
letters of the name of the desired scale followed immediate- Ajo GUTON430 S 
ly by the desired key. Use a lower case (b’ for the flat and use 100 BRE TORE 
‘#’ for the sharp. Sample in puts would be phe for phrygian Be re 

F A ( 
starting on E, maf# for major on F-sharp, and whg for whole 520 ASl4,4]=" " 
tone on G 530 Ir Q=1 OR Q=7 OR Q=8 OR Q=I11 THEN 550 

S 540 IF Q >= 2 AND Q <= 6 OR Q=9 OR Q=10 THEN 570 
= o 550 Y=! 

The Author, Marvin S. Thostenson, is at the School of 360 GoTo 580 
i i i i 5710 Y=2 

Music, University of lowa, lowa City, lowa $2242 580 FS$="oxexaxdxgxcxfxb#ef#a#d#g#c#f#b e a d g c f bbebabdbgbcbfbbdedadddgdcd® 
590 GS="BxEXxAxDxGxCxFxB#E#A#D#G#HC#F#B E A D G C F BbEbAbDbGbCbFbBdEdAdDdGdCd" 
600 GOTO Y OF 610,630 
610 HS="5t4t3t2t1t7x6x5x4x3x2x 1 x7#6#5#4#3#241 #041 D2b3b4bD5b6b7b1 d2d3d4d5d6d7d" 

620 GOTO 640 
630 HS="2t1t7x6x5x4x3x2x1x7#6#5#44#3#241 #0# 1 D2D3bD4b5b6b/7bid2d3d4d5dd/d8d9d ™ 

640 FOR V=1 TO 68 STEP 2 
650 IF A$(3,4)=FS[V,V+1] THEN 680 

660 Ir AS(3,4]=HS(V,V+1] THEN 680 
670 NEXT V 
680 CIS=GS[V,V+1] 
690 T=T+! 

ELEVEN SCALE TYPES — MAJOR, MINOR, MODAL, AND WHOLE TONE Le pe ee Tob, GAS OG CIO Oro an 
Ms se , ’ , . , , , 

This program prints in letter names, one octave upward, the major, ee R=0 
the natural, harmonic, melodic, and Hungarian minors, the 0) COLUBNOOO a 
dorian, phrygian, lydian, mixolydian, and locrian modes, and ee bans OR Q=9 THEN 770 
the whole tone scales. 760 GOTO 1060 

: - 770 =—-R=10 
Use a 3- or 4-character inputs the first 2 char’s are the scale Le. 
type, and the 3rd char’r is the single letter tonic, or the 1 Se aloe) Re = - 
last two char’s are the tonic degree or the key signature. has on =I OR O=7 OR Q=8 OR Q=11 THEN 820 

SCALE TYPES— ma na ha me do ph ly mi lo hu and wh 810 GOTO 1060 
Input either a tonic or a signature. : 820 R=-8 
EXAMPLES: macb lydb mieb whgb naf# hag# mea# loc# doc phd hue 830 GoT0 1060 

840 Ir Q=7 OR O=10 OR Q=11 THEN 870 
‘ 2 (Ns = 850 R=2 Nees TYPe OF SCALE IS WANTED? Sample Run 860 GOTO 1060 

870 R=-12 
SCALE ASKED -------- Major scale on Db Eee Foe oer cn Bare ere 

ER Ci wees Se 2 900 R=-2 : ANSWER (in letter names) 910 GOTO 1060 

920 R=12 

930 GOTO 1060 F Gb Ab Bb €¢ Db Bes TBE 940 IF Q=1 OR Q=4 OR Q=5 OR O=7 OR Q=8 THEN 970 
950 R=3 

960 GOTO 1060 
= - 970 R=-6 © OF SCALE IS WANTED? eee ds 980 GOTO 1060 

990 Ir O=1 OR Q=3 OR Q=4 OR Q=7 OR Q=10 THEN 1020 

SCALE ASKED ----—---Nat’1 minor scale on E TO ONROTOR TOGO 
= se 1020 kR=-10 ANSWER (in letter names) 1030 GoTO 1060 

1040 kR=0 
5 = ms E 1050 WTO 1060 
Be 1060 Ir Q=11 AND T=5 THEN 1090 

1070 =ISCU,U+1 J=GSCLV+R,V+R+1) 
£ 1080 GOTO 1100 

WHICH TYPE OF SCALE IS WANTED? 1090 GOTO 690 

?ha2# 1100 I${U+2,U+3]=" ™ . 
ETO! Le ISCU+1 ,U+] J="d" THEN 1130 

SCALE ASKED ---—--—-—Harm’c minor scale on B 1120 @TO 1140 
1130) =I$SCU+l,U+2]="bb" 

ANSWER (in letter names) -------- == 1140 U=U+4 x 

1150 @TO 690 

1160 PRINT LIN(1),TAB(3) ,BS#JS3CISsLIN(1) 
Be CA Die Eee a Cie At aE 1170 PRINE TAB(3)$CSsLIN(1) 

1180 PRINT LIN(1)sTAB(8)3I$ 
1190. Crs="" 

1200 I$ 
WHICH TYPE OF SCALE IS WANTED? 1210 GS 
?doeb 1220 Q=T=Rk=0 

1230) PRINT 
SCALE ASKED —--—-—-—Dorian mode om Eb 1240 GOTO 310 

; 1250 DATA "Major scale on ","Nat“%l minor scale on ",“Harm’c minor scale on ™ 
ANSWER (in letter names) ——------ == 126G DATA "'Mel’c minor scale on ","Dorian mode on ","Phrygian mode on * 

1270 DATA “Lydian mode on ","Mixolydian mode on “,"Locrian mode on ™ 
; ; 1280 DATA "Hung’n minor scale on ","Whole tone scale on " 
ER ik Go Ab Bb C Db Eb 12v0 END 



RUN Sample Run 
HI! I'M ELIZA+ WHAT'S YOUR PROBLEM? 
? 1 AM AN IBM 370 
DID YOU COME TO ME BECAUSE YOU ARE AN IBM 370 
? YES I WANT A NEW LINEPRINTER 
WHAT WOULD IT MEAN TO YOU IF YOU GOT A NEW LINEPRINTFR 
? ABOUT 1200 LPM 
SAY» DO YOU HAVE ANY PSYCHOLOGICAL PROBLEMS? 
? WHAT WOULD YOU KNOW I'M A 370 AND YOU'RE AN IMSAI 

; WHAT MAKES YOU THINK I AM AN IMSAI 
Psychoanlysis (?) by Computer... 7 11 SAYS THAT ON YOUR FRONT PANEL 

WHY ARE YOU CONCERNED ABOUT MY FRONT PANEL 
? LOOK YOU BROUGHT UP THE SUBJECT 
WE WERE DISCUSSING YOU-- NOT ME- 
? I'M FIXING A HOLE... 
DID YOU COME TO ME BECAUSE YOU ARE FIXING A HOLE... 
? SORRY THAT WAS A TEN YEAR OLD SOFTWARE BUG 
PLEASE DON'T APOLOGIZE! 

? I AM ALWAYS APOLOGIZING 
HOW LONG HAVE YOU BEEN ALWAYS APOLOGIZING 
? SINCE MY FIRST COLD START 
WHAT DOES THAT SUGGEST TO YOU? 
? YOU'RE THE SHRINK 
DOES IT PLEASE YOU TO BELIEVE I AM THE SHRINK 
? DONT YOU KNOW? 
OH» I KNOW? 
? 1 AM BEGINNING TO WONDER ABOUT YOU 

: Steve North DO YOU BELIEVE IT IS NORMAL TO BE BEGINNING TO WONDER ABOUT I 
? HA HA HA YOU CAN'T EVEN TALK PROPERLY 
YOU'RE NOT REALLY TALKING ABOUT ME» ARE YOU? 
2? 1S THERE ANYONE ELSE IN THE ROOM? 
I SEE- 
? COMPUTERS DONT HAVE EYES 
ARE YOU SUKE? 
? ABOUT COMPUTERS? 
DO COMPUTERS WORRY YOU? 
? SHOULD THEY AFTER ALL I AM A 370 
DO YOU ENJOY BEING A 370 
? 

Language: BASIC (MITS 8K) 

Author: Originally programmed in LISP 
by Joseph Weizenbaum. This version is HOW LONG 
based on one written by Jeff Shrager. HAVE YOU 

BEEN ALWAYS 

Description: ELIZA is a program that APOLOGIZING? 
accepts natural English as input and 

carries on a reasonably coherent 

conversation based on the psychoana- 
lytic techniques of Carl Rogers. You will 
have to forgive ELIZA for being a poor 
English student. You'll find that it is best 
not to use punctuation in your input, and 

you Il have tocarry the conversation. But 

it does work! 

Remarks: In order to do what it does, 
ELIZA must: (1) get a string from the 10 REM 

: 20 REM ELIZA/DOCTOR 
ek ang Deda : for Hetil 30 REM CREATED BY JOSEPH WEIZENBAUM Program Listing 
processing: (2) find the keywords tn the 40 REM THIS VERSION BY JEFF SHRAGER 
input string: (3) if a keyword is found, 50 REM EDITIED AND MODIFIED FOR MITS 8K BASIC 4-0 BY STEVE NORTH 
take the part of the string following the 60 REM CREATIVE COMPUTING PO BOX 789-M MORRISTOWN NJ 07960 
keyword and ‘translate’ allthe personal 70 REM 

ns and verbs (‘‘l’’ becomes Sb oned nee s INITIALIZATION=<-== Benouns . A a 90 DIM C$(72)51$(72)sK$(72)9 FS(72)2S$672)2RSC72)s P$C72)5 Z$( 72) 
“YOU”, “ARE” becomes “AM”, etc.); (4) 100 DIM $(36)»R(36)»NC36) 
finally, look up an appropriate reply based 110 N1=362N2=12:N3=112 
onthe keyword which was found, printit 120 FOR X=1 TO N1+N2+N3:READ Z$:NEXT X:REM SAME AS RESTORE 

d, if necessary, the “translated” FSOU ER ORNS ee SUS y, 140 READ S(X)sLER(X)=SCX) ENCXI=S(X)+L=1 
string. ELIZA uses four types of program 150 NEXT X 

data to accomplish this: 160 PRINT "HI! I'M ELIZA» WHAT'S YOUR PROBLEM?" 
” on 170 REM 

(1) 36 Boy werd.: a) ce Mali ps 180 REM =—«s-_- = ---- USER INPUT SECTION----- 
DONT YOU”, and ‘‘COMPUTER”. The iSOnREN 
keywords must be in order of priority, So 200 INPUT I$ 
ELIZA will key on “YOU ARE” before 201 [$= "+I1g+" * 
“YOU". 210 BEN GET ne oR ge 

5 , 220 FOR L=1 TO LENCI$) 
(2) 12 strings used for the translation or 230 IFMIDS(I$sL,1)="*"THENI $=LEFT$(1$sL-1)+RIGHT$(1$»LEN(I$)-L)’G0T0230 
conjugation process. These are in pairs 240 IFL+4<=LENC1$)THENIFMID$(1$sL»4)="SHUT"THENPRINT" SHUT UPee et END 
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such that if one member of the pair is 
found, the other is substituted for it. 

Examples: ““Y”, “YOU”, “AM”, “ARE”, 
etc. 

(3) 112 reply strings. The strings are 

arranged in groups corresponding to the 

keywords. There is no fixed number of 
different replies for each keyword. 
Replies ending ina‘’*’’ areto be followed 
by the translated string, while the 
strings ending in normal punctuation 

are to be printed alone. 

(4) Numerical data to determine which 

replies to print for each keyword. For 
each keyword there is a pair of numbers 
signifying (start of reply strings, number 

of reply strings). Thus the fifth pair of 

number, (10,4), means that the replies 

for the fifth keyword (‘| DONT”) start 

with the tenth reply string, andthatthere 
are four replies. 

Detailed Explanation: 
Lines 10-160: \nitialization. Arrays and 
strings are dimensioned. N1, N2, and 

N3, which represent the number of 
keywords, number of translation strings, 

and number of replies respectively, are 

defined. Then the arrays are filled. 

S(keyword number) is the ordinal 

number of the start of the reply strings 

for a given keyword, R(keyword number) 

is the actual reply to be used next, and 

N(keyword number) is the last reply for 

that keyword. Finally an introduction is 
printed. 

Lines 170-255: User input section. This 

part of the program gets astring fromthe 

user, places a space at the start of the 
string and two at the end (to make it 

easier to correctly locate keywords and 

to preventsubscripting out’ of bounds), 
throws out all the apostrophes (so DONT 

and DON'T are equivalent), and stops if 
the word SHUT is found in the input 

string (which it takes to mean SHUT UP). 

ELIZA also checks for repetitive input by 

the user. 
Lines 260-370: Keyword-finding sec- 

tion. ELIZA scans the input string for 

keywords and saves the keyword of 
highest priority temporarily in S, T, and 
FS. If no keyword is found, the keyword 
defaults to number 36, NOKEYFOUND 
(which causes ELIZA to say something 

noncommital) and it skips the next 

section. 

Lines 380-555. Translation or Conjuga- 
tion section. The part of the input string 

following the keyword is saved. Then 

pairs of translation strings, as described 

above, are read and upon the occurence 
of one of these strings, the other is 
substituted for it. When this is done 
ELIZA makes sure there is only one 

leading space in the translated string. 
Lines 560-640: Reply printing section. 

Using R(keyword number), S(keyword 

number), and N(keyword number), the 

correct reply is located. The pointer for 

the next reply is bumped and reset if it is 

NEXT L 
IF I$= 
REM 
REM 
REM 

P$ THEN PRINT “PLEASE DON*T REPEAT YOURSELF!"sGOTO 170 

RESTORE 
S=0 
FOR K=1 TO NI 
READ K$ 
IF S>O THEN360 
FOR L=1 TO LENCI$)-LENCK$)+1 
IF MIDS$C1$,LsLENCKS$) )=KSTHENS=K8t T=L8 F$=K$ 

NEXT L 
NEXT K 
IF S>O THEN K=S:L=T:G0T0390 
K=36:GOTO570:REM WE DIDN’T FIND ANY KEYWORDS 

TAKE RIGHT PART OF STRING AND CONJUGATE IT 
USING THE LIST OF STRINGS TO BE SWAPPED 

RESTORE?:FORX=1 TO NI&READ Z$:NEXT X%3REM SKIP OVER KEYWORDS 

C$=" *+RIGHTS$(1$sLENCI$)-LENCF$)-L+1 ) 
FOR X=1 TO N2/2 

READ S$sR$ 

FOR L= 1 TO LENCCS$) 
IF L*LEN(S$)>LEN(C$) THEN 510 
IF MID$(C$sLsLENCS$))<>S$ THEN 510 
CS$=LEFT$(C$sL-1 )+R$*+RIGHTS$(C$»LEN(CS$)-L-LEN(S$)+1) 
L2=L+LENCR$) 
GOTO 540 
IF L+LENCR$)>LENC(C$)THENS40 
IF MID$(C$sL»LENCRS$))<>RS THEN 540 
C$=LEFTS$(C$sL-1 )+S$*+RIGHTS(C$s»LEN(C$)-L-LENC(RS)+1) 
L=L+LEN(S$) 
NEXT L 
NEXT x 
IF MIDS(C$s251)=" *THENC$=RIGHTS(C$sLEN(C$)-1)%REM ONLY 1 SPACE 

REM 
RESTORE:FOR X= 

NOW USING THE KEYWORD NUMBER (K) GET REPLY 

1 TO NI+N2tREAD Z$%NEXT X 
FORX=1TORCK)8READ FS$&%NEXT X3REM READ RIGHT REPLY 
R(CK)=RCK)413 

RIGHTS(F$» 1 )<>*#"* IF 
PRINT 

IFRCK)>NCK) THEN R(K)=SCK) 
THEN PRINT F$tP$=1$:GOTO 170 

LEFTS$C(FS$sLENCF$)-1)5C$ 
P$=I1$:GOTO 170 

KEYWORDS 

"CAN YOU"s*CAN I°s**YOU ARE’s**YOURE’’sI DONT.» I FEEL” 
"WHY DONT YOU*s**WHY CANT I%s*ARE YOU"s’*I CANT's"I AM’sIM °° 
"YOU "s°I WANT*'s*WHATs*HOW's "WHO's * WHERE» **WHEN''s WHY 
**NAME’’s **CAUSE"'s **SORRY’’s **DREAM"’s**HELLO"’s "HI °*s *MAYBE”’ 
°° NO*'s"*YOUR"s *ALWAYS''s* THINK’ s "ALIKE s * YESs * FRIEND” 
**COMPUTER” s *NOKEYFOUND’® 

STRING DATA FOR CONJUGATIONS 

" ARE °'s’? AM °'s**WERE WAS oo iee 

oe IVE oo,ee YOUVE cone 

YOU “s” I 

IM *s** YOURE * 

oo, **YOUR o,emy 

REPLIES 

"DON’T YOU BELIEVE THAT 
**PERHAPS YOU WOULD LIKE 
"YOU WANT ME TO BE ABLE 
"PERHAPS YOU DON’T WANT 
"po YOU WANT TO BE ABLE TO*’ 
"WHAT MAKES YOU THINK I AM*** 
"DOES IT PLEASE YOU TO BELIEVE I AM*” 
**PERHAPS YOU WOULD LIKE TO BE*" 
"DO YOU SOMETIMES WISH YOU WERE*” 

“DON'T YOU REALLY#*" 
"WHY DON’T YOU*** 
*DO YOU WISH TO BE ABLE TO*” 
*DOES THAT TROUBLE YOU?" 
"TELL ME MORE ABOUT SUCH FEELINGS.“ 

*°DO YOU OFTEN FEEL*" 
"DO YOU ENJOY FEELING*” 
"DO YOU REALLY BELIEVE I DON’T" 
*PERHAPS IN GOOD TIME I WILL*” 
"DO YOU WANT ME TO** 

*°DQ YOU THINK YOU SHOULD BE ABLE TO** 
“WHY CAN*°T YOU*** 

“*WHY ARE YOU INTERESTED IN WHETHER OR NOT I AM#** 
*WOULD YOU PREFER IF I WERE NOT#* 
**PERHAPS IN YOUR FANTASIES I AM*** 

I CAN** 

TO BE ABLE TO*#* 

TO«"* 

TO*" 
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too large. If the reply string ends ina‘‘’*” 
it is printed with the translated string, 

otherwise it is printed alone. The 

previously entered input string is saved 

to permit checking for repetetive input, 

and then ELIZA goes back for more input. 

Limitations: Runs in 16K of memory. 

Modifications: You can easily add, 
change,.or delete any of the keywords, 

translation words, or replies. Remem- 

ber, you will also have to change N1, N2, 
N3, and/or the numerical data. Justasa 
suggestion, if you decide to insert “ME” 
and “YOU” in the translation string list, 
put a nonprinting (control) character in 

YOU to prevent ELIZA from  substi- 

tuting + YOU4ME. This means that YOU 
wil! always be assumed to be the subject 

of a verb, never the object, but resolving 
that difficulty is a whole different 
problem. 

A Few Comments: The structures 
found in lines 120, 420, and 590 could 
be replaced by RESTORE NNNN 
statements if your BASIC has them. The 
use of an INSTR, SEARCH, or POS 
function to determine if one string is a 

substring of another would probably 

speed things up considerably (it takes 
ELIZA around 10 seconds to think of a 
reply). 

What it all means: we'll leave to you. 
Although this program is an inferior 
imitation of the original, itdoes work. Itis 
pretty farfetched to believe that a 
psycholanalyst is nothing but a sentence- 

input-keyword-finder-conjugator-reply 

finder, but if you really think so, you can 

buy your computer a speech-recognition 

unit, a Computalker and a green couch, 

and charge $75/hr! My computer, the 

doctor! 

MITS STRING BASIC FUNCTIONS 

LEFT$ (X$,X) takes the X leftmost 

characters of XS. 
RIGHT$(X$,X) takes the X rightmost 

characters of XS. 
MIDS (X$,X,Y) takes Y characters from 

X$ starting with the Xth character. 

DIM X$ (72) dimensions X$ to hold 72 

characters. That may seem 
obvious, but there’s a story that 

goes along with this. The listing of 
ELIZA was made on a friend’s 
SWTPC 6800 running 8K BASIC. 
After making a small patch in 

BASIC, loading a paper tape, and 
changing all the multiple state- 

ments to separate lines, we were 

all ready to try out ELIZAwhen Bob 

(whose computer it was asked 

about the enormous strings ELIZA 

used. It turns out that in SWTPC 
BASIC, DIM X$(72) means dimen- 

sion string vector X$ to have 72 
little strings (X$(K)) of 18 character 

1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
21.40 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
22.40 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2500 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
REM 

“HOW DO YOU KNOW YOU CAN‘T*" 

“HAVE YOU TRIED?" 

"PERHAPS YOU CAN NOW*" 
"DID YOU COME TO ME BECAUSE YOU ARE*" 

“HOW LONG HAVE YOU BEEN*" 

"pO YOU BELIEVE IT IS NORMAL TO BEx*"* 

"DO YOU ENJOY BEING*" 

"WE WERE DISCUSSING YOU-- NOT MEe"™ 

OH» Ix" 

"YOU'RE NOT REALLY TALKING ABOUT ME» ARE YOU?" 

“WHAT WOULD IT MEAN TO YOU IF YOU GOT*" 

"WHY DO YOU WANT*"* 

"SUPPOSE YOU SOON GOT*"* 
“WHAT IF YOU NEVER GOT*" 

"I SOMETIMES ALSO WANT*" 

"WHY DO YOU ASK?" 

"DOES THAT QUESTION INTEREST YOU?" 

"WHAT ANSWER WOULD PLEASE YOU THE MOST?" 

“WHAT DO YOU THINK?" 

"ARE SUCH QUESTIONS ON YOUR MIND OFTEN?" 

"WHAT IS IT THAT YOU REALLY WANT TO KNOW?" 

“HAVE YOU ASKED ANYONE ELSE?" 

"HAVE YOU ASKED SUCH QUESTIONS BEFORE?" 

“WHAT ELSE COMES TO MIND WHEN YOU ASK THAT?" 

“NAMES DON'T INTEREST MEe” 
“I DON'T CARE ABOUT NAMES-- PLEASE GO ONe" 

"IS THAT THE REAL REASON?" 

"DON'T ANY OTHER REASONS COME TO MIND?" 

"DOES THAT REASON EXPLAIN ANYTHING ELSE?" 

“WHAT OTHER REASONS MIGHT THERE BE?" 

"PLEASE DON'T APOLOGIZE!" 

"APOLOGIES ARE NOT NECESSARY-e" 

“WHAT FEELINGS DO YOU HAVE WHEN YOU APOLOGIZE." 

“DON’T BE SO DEFENSIVE!” 
“WHAT DOES THAT DREAM SUGGEST TO YOU?" 

"DO YOU DREAM OFTEN?" 

"WHAT PERSONS APPEAR IN YOUR DREAMS?" 

"ARE YOU DISTURBED BY YOUR DREAMS?" 

“HOW DO YOU DO eee PLEASE STATE YOUR PROBLEM." 

"YOU DON'T SEEM QUITE CERTAIN.-"™ 

"WHY THE UNCERTAIN TONE?" 

“CAN'T YOU BE MORE POSITIVE?" 

"YOU AREN'T SURE?" 

"DON'T YOU KNOW?" 
“ARE YOU SAYING NO JUST TO BE NEGATIVE?" 
"YOU ARE BEING A BIT NEGATIVE.” 
"WHY NOT?" 
“ARE YOU SURE?" 
“WHY NO?" 

"WHY ARE YOU CONCERNED ABOUT MY*"* 
“WHAT ABOUT YOUR OWN*" 
"CAN YOU THINK OF A SPECIFIC EXAMPLE?" 
“WHEN?” 
“WHAT ARE YOU THINKING OF?" 
"REALLYs ALWAYS?" 
"DO YOU REALLY THINK SO?" 
“BUT YOU ARE NOT SURE YOU*" 
"DO YOU DOUBT YOU*" 
‘IN WHAT WAY?" 
“WHAT RESEMBLANCE DO YOU SEE?" 
“WHAT DOES THE SIMILARITY SUGGEST TO YOU?" 
"WHAT OTHER CONNECTIONS DO YOU SEE?" 
"COULD THERE REALLY BE SOME CONNECTION?” 
"HOW?" 

“YOU SEEM QUITE POSITIVE.” 
"ARE YOU SURE?” 
oor SEE." 

**I UNDERSTAND." 
“WHY DO YOU BRING UP THE TOPIC OF FRIENDS?" 
"DO YOUR FRIENDS WORRY YOU?" 
"DO YOUR FRIENDS PICK ON YOU?" 
“ARE YOU SURE YOU HAVE ANY FRIENDS?" 
"DO YOU IMPOSE ON YOUR FRIENDS?" 
"PERHAPS YOUR LOVE FOR FRIENDS WORRIES YOU." 
"DO COMPUTERS WORRY YOU?" 
“ARE YOU TALKING ABOUT ME IN PARTICULAR?” 
"ARE YOU FRIGHTENED BY MACHINES?” 
“WHY DO YOU MENTION COMPUTERS?" 
“WHAT DO YOU THINK MACHINES HAVE TO DO WITH YOUR PROBLEM?" 
“DON'T YOU THINK COMPUTERS CAN HELP PEOPLE?” 
“WHAT IS IT ABOUT MACHINES THAT WORRIES YOU?" 
“SAY»s DO YOU HAVE ANY PSYCHOLOGICAL PROBLEMS?"' 
“WHAT DOES THAT SUGGEST TO YOU?" 
LADS SEE." 

"I*'mM NOT SURE I UNDERSTAND YOU FULLYe" 
"COME COME ELUCIDATE YOUR THOUGHTS." 
"CAN YOU ELABORATE ON THAT?" 
“THAT IS QUITE INTERESTING." 
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each. There’s no easy way to 2510 REM 
handle more than 18 characters at pat REM 
a time! Those of you using SWTPC 
6800 BASIC should have a lot of 

2540 
2550 

DATA FOR FINDING RIGHT REPLIES 

‘DATA 1233422562 4262 49102 49 1423517235202 2s 225332593 
DATA 285 42282 4s 32239352 52 400 9s 405 9s 402 9s 402 9s 402 92 4099 

DATA 4932051242552 4959s 42 630 1263515645 52 695 59 1492s 7694 

fun with this. 2560 DATA 80.5 3s 8357590232932 6299s 7s 10626 

Name Usage 
R(X), S(X), N(X) See Text 

I$ Input string 
K$ Keyword string 
cs Translated or conjugated string 
FS Reply string, also used to save K$ in scanning for keyword 

RS,S$ Strings used in conjugation process 
PS Previous input string 
Z$ Scratch (used for simulating RESTORE NNNN statement) 
N1 Number of keywords 

N2 Number of conjugation strings 
N3 Number of replies 
K Keyword number 

S,T Used to save K and L when scanning for keyword 
X,L X,L Scratch. X is generally used for looping while 

Lis used for scanning through strings 
V V Used for scanning for keyword string 

A for iffort, Zero for Arab 
Many years ago a Roman civil engineer, who was a high 

official in Alexandria, was approached by a young Arabian 
mathematician with an idea which the Easterner believed 
would be of much value to the Roman Government in its 
road-building, navigating, tax-collecting, and census-taking 
activities. As the Arab explained in his manuscript, he had 
discovered a new type of notation for number writing, 
which was inspired from some Hindu inscriptions. 

The Roman official presumably studied this manuscript 
very carefully for several hours, then wrote his reply: 

Your courier brought your proposal at a time when my 
duties were light, so fortunately I have had the opportunity 
to study it carefully, and am glad to be able to submit these 
detailed comments. 

Your new notation may have a number of merits, as 
you claim, but it is doubtful whether it ever would be of 
any practical value to the Roman Empire. Even if author- 
ized by the Emperor himself, as a proposal of this 
magnitude would have to be, it would be vigorously 
opposed by the populace, principally because those who 
had to use it would not sympathize with your radical ideas. 
Our scribes complain loudly that they have too many 
letters in the Roman Alphabet as it is, and now you 
propose these ten additional symbols of your number 
system, namely 
I, 2, 3, 4, 5, 6, 7, 8, 9, and your 0. 

It is clear that your l-mark has the same meaning as 
our mark-I but since this mark-I already is a well-estab- 
lished character why is there any need for yours? 

Then you explain that last circle-mark, like our letter 
O, as representing ‘an empty column’, or meaning nothing. 
If it means nothing, what is the purpose of writing it? I 
cannot see that it is serving any useful purpose; but to make 
sure, I asked my assistant to read this section, and he drew 
the same conclusion. 

You say the number O1 means the same as just 1. This 
is an intolerable ambiguity and could not be permitted in 
any Roman legal documents. Your notation has other 
ambiguities which seem even worse: You explain that the 
mark-1 means ONE, yet on the very same page you show it 
to mean TEN in 10, and one HUNDRED in your 100. If 
my official duties had not been light while reading this, I 
would have stopped here; you must realize that examiners 
will not pay much attention to material containing such 
obvious errors. 

Further on, you claim that your system enumeration is 
much simpler than the Roman Numerals. I regret to advise 
that I have examined this point very carefully and must 
conclude otherwise. For example, counting up to FIVE, 

you require five new symbols whereas we Romans accom- 
plish this with just two old ones, the mark-I and the 
mark-V. At first sight the combination IV (meaning ONE 
before FIVE) for four may seem less direct than the old 
III, but note that this alert representation involves LESS 
EFFORT, and that gain is the conquering principle of the 
Empire. 

Counting up to twenty (the commonest counting range 
among the populace), you require ten symbols whereas we 
now need but three; the I, V, and X. Note particularly the 
pictorial suggestiveness of the V as half of the X. Moreover, 
it is pictorially evident that XX means ten-and-ten, and this 
seems much preferred over your 20. These pictorial 
associations are very important to the lower classes, for as 
the African says, ‘Picture tells thousand words’. 

You claim that your numbers as a whole are briefer 
than the Roman Numerals, but this is not made evident in 
your proofs. Even if true, it is doubtful that this would 
mean much to the welfare of the Empire, since numbers 
account for only a small fraction of the written records; 
and in any case, there are plenty of slaves with plenty of 
time to do this work. 

When you attempt to show that you can manipulate 
these numbers much more readily than Roman Numerals, 
your explanations are particularly bad and obscure. For 
example, you show in one addition that 2 and 3 equals 5, 
yet in the case you write as 

79 
+16 
95 

this indicates that 9 and 6 also equals 5. How can this be? 
While it is not clear, it is evident that the other part is in 
error, for 7 and I equal 8, not 9. 

Your so-called ‘repeating and dividing’ tables also 
require much more explanation, and possibly correction of 
errors. I can see that your ‘Nine Times’ Table gives sets 
which add up to nine, namely 18, 27, 36, 45, 54, 63, 72, 81 
and 90 but I see no such useful correlation in the ‘Seven 
Times’ Table, for example. Since we have SEVEN, not nine, 
days in the Roman Week, it seems far more important we 
have a system that gives more sensible combinations in this 
table. 

All in all, I would advise you to forget this overly 
ambitious proposal, return to your sand piles, and leave the 
number reckoning to the official Census Takers and Tax 
Collectors. I am sure that they give these matters a great 
deal more thought than you or I can. 

William J. Wiswesser 
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A student shows how he used a Sol computer 
to assist other students in their lab work. 

Inorganic Chemistry 
Program ee 

Partial Sample Run 

YOU CAN PICK THE DISPLAY SPEED FOR THIS PROGRAM, 

1O' IS STANDARD (FAST DISPLAY), OO SmVERY woleGuls 
Type the display speed ( 0 to 99 ) here: O 

Type the number of Stability Constants (1 to 10 ) here: 5 

OKAY. NOW TYPE IN THE STABILITY CONSTANTS. 
Type K( 1 here: 1.9E 4 
Type K( 2 heres 3.5E 3 
Type K( 3 here: 7.9E 2 
Type K( 4 WES Wests 7 

K( 5 Type here: 0.28 

NOW YOU NEED TO TYPE IN THE ANALYTICAL CONCENTRATIONS 
OF THE LIGAND AND METAL ( PLEASE USE MOLES / LITER ). 
Type the Ligand concentration ( 0 to 50 ) here: 1.0 
Type the Metal concentration ( 0 to 50 ) here: 0.1 

ALPHAS CONCENTRATIONS OF COMPLEXES 
++ttt+ FEE EHEEFE EEE HEE EEE HEHEHE HHH Ht 

4 0 = 9.8625933 E-14 O-Ligand complex = 9.8625933 E-15 molar 
1 = 1.8738927 E-9 1-Ligand complex = 1.8738927 E-10 molar 

# 2 = .00000656 2-Ligand complex = .00000066 molar 
#3 = .00518131 3-Ligand complex = .00051813 molar 
4 4 = .77719701 4-Ligand complex = .0777197 molar 

Seas Cucodo 6, 5-Ligand complex = .02176152 molar 

Program Listing 

1000 REM CHM342C MODIFIED FOR SOL. 1977 BY J. P. PEER 
1010 REM 417 WEST WATER STREET, BERNE, INDIANA 46711 
1020 REM LET'S CLEAR THE CRT SCREEN. TO DO THIS WE PRINT THE 
1030 REM SCREEN—ERASE CHARACTER. ON SOL IT IS THE 'CLEAR! 

; 1040 REM KEY. ON OTHER COMPUTERS IT IS THE ‘SCREEN ERASE! 
Dear David Ahl: 1050 REM KEY OR 'CONTROL-L.' IF YOU ARE USING A HARD—COPY 

| read the following interview with 1060 REM TERMINAL YOU CAN OMIT THIS. 

Lee Felsenstein on the Sol computer in 488 Ee BSE ee eRe GL ea ag VIDEO DISPLAY MODULE (VDM) IF 
the July-August 1977 Creative Com 1120 REM YOUR MACHINE IS NOT A SOL YOU CAN OMIT THIS. 
puting. 1200 Sey See 

Ahi: Do you have some feeling 1250 DIM Serene ca) 
concerning what people are doing 1290 REM A COLON (:) SEPARATES STATEMENTS ON ONE LINE. 

with them so far? PE ae Sein cen ey ! PROGRAM™ INOS THE" 
Felsenstein: It’s very hard for me to 1500 PRINT'CONCENTRATIONS OF ALL SPECIESS 
tell... they’re getting SOLs in order 1600 PRINT"I N A SOW PLE eM - 2 oh sie) Woe ce eh ve UW) 3! 
to do something. Just what it is we oe) Pui ou MUS pee aN yp dis ST Ay Bela Cer le tanvite 

don’t know. .... 1800 PRINT"C ONS TANTS ."sPRINT: PRINT: PRINT 
1850 PRINT:PRINT:PRINT 

In an effort to clear up some of the = 4999 Rem IF YOU'RE USING A HARD-COPY TERMINAL YOU CAN OMIT THE 
mystery | am sending you a sample of 1910 REM SUBROUTINE AT LINE 64000. 
what | have been doing with my Sol 1920 GOSUB 64000 
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omputer. | am a chemistry student 
‘ 2000 FOR Z=1 TO 6:PRINT:NEXT Z 

nd computer fanatic. |boughtthe Sol 5499 prints August, 1977 by J. P. Peer" 
ecause it comes assembled andithaS 2299 FOR Z=1 TO 7:PRINT:NEXT Z 
1 keyboard instead of those ludicrous 2300 GOSUB 64000 
oggle switches! 2400 PRINT 

2500 L=0:U=99 
In the Spring of 1976 beganworking — >¢59 prinT*YOU CAN PICK THE DISPLAY SPEED FOR THIS PROGRAM." 

with Dr. L.A. Bares of Indiana 5799 print™t0! IS STANDARD (FAST DISPLAY), '99' IS VERY SLOW." 
University—Purdue University at Fort 2800 INPUT"Type the display speed ( 0 to 99 ) here: ",S2 
Wayne to build a series of interactive 2900 A=S2 era 

programs to assist Inorganic 30900 GOSUB 600 
; : D TO USER'S WHIM. 

Chemistry students. with their Seas oe ee VORSDISBLAY sSREEDe 

laboratory work. This group of 32090 PRINT"(clear key)" 
programs was written in BASIC ona = 3300 L=1:U=10 
CDC-6600 and wa d this Sprin 3400 PRINT:PRINT 
chemistr Share Deane 3500 INPUT"Type the number of Stability Constants ( 1 to 10 ) here: ",L1 

y i 3510 REM IF YOUR BASIC WON'T ACCEPT THIS TYPE OF INPUT STATEMENT TRY 
presently has about ten programs.!am — 3520 REM THE FOLLOWING SUBSTITUTION: 
sending you one of these programs 3530 REM PRINT"Type the number of ...... here: "3 
that | modified to run on my Sol. 3540 REM INPUT A 

This program finds the concen- 3690 A=L1 
’ : 3700 GOSUB 60000 

trations of the various species present  3en9 LaaIn7(A) 
in acomplex-ion equilibrium. The user 4900 PRINT"(clear key)" 
enters the stability constants and the 4100 PRINT:PRINT 
analytical concentrations of the metal na ait Ue aes NOW TYPE IN THE STABILITY CONSTANTS." 

and ligand. The effects of pH and jing print™type K("31;" ) here: "3 : INPUT" ",K(I) 
solubility on the equilibrium have been = 4500 NEXT I 
ignored for simplicity. 4600 PRINT 

Eee atc ectoanic = Chemistry 4000 PRINT NOW YOU NEED TO TYPE IN THE ANALYTICAL CONCENTRATIONS" 
Beare eee Rte Bona f, 4900 PRINT"OF THE LIGAND AND METAL ( PLEASE USE MOLES / LITER )." 

e7sne Tinds the stability constants Ofa = sgg0 INPUT"Type the Ligand concentration ( 0 to 50 ) here: ",L2 
complex ion and then, with these 5100 A=L2 
constants known, proceed to plot 5200 GOSUB 60000 

beautiful logarithmic distribution 9390 L2=A 
graphs SOWING the relationship 5400 INPUT"Type the Metal concentration ( O to 50 ) here: ",M 

: 5500 A=M 
between ligand | concentration and 56090 cosuB 6o0000 
various complex ion concentrations. 5700 M=A 
We also wrote a program to do 5800 REM FIND alpha O. SEE BLACKBURN'S "EQUILIBRIUM! FOR THE THEORY. 

similar plots of polyprotic acid species 2900 T=12:S=1:N=1 6000 T=T*K(N)*L2 
versus pH, anda program to plotredox 6199 teen ) 
titration curves, just for fun. 6200 N=N+1 

The Sol-compatible versions of he nerpecvise THEN 6000 
several of our other programs must = 
wait until Processor Technology pro- oan Br Fue ele eS PHERae Bess. 
duces its long-awaited 8K BASIC. (I’ve 6700 A1(N)=K(N)*A1(N—1)*L2 
been waiting since February!) 6800 N=N+1 

| believe the only non-standard 6900 IF N <=L1 THEN 6700 
Rae 7000 PRINT"(clear key)" BASIC statement | have used is: SET S 7100 PRINT 

= (a number). This changes the video —_ 7290 BRINTEALEHAS j1A6(21)3 ZCUNCEM AAT TONS OF COMPLEXES" 
display speed for Processor 7300 PRINT"+++++4"3 TAB(27) 5 "+++++etetsetseeeeeseeteeeesetsen 

Technology’s VDM. If you aren’t using 7400 FOR J=0 TO L1 ; 
a Processor Technology computer, 7500 PRINT"#"s33" ="3A1(3);TAB(21)333"—Ligand complex ="3A1(J)*M; 

7 NT" n omit the statements about display jean wexy gn 
speed. 7650 PRINT 

For more information on_ our 7700 INPUT"To rerun this program type a zero here: ",Z 
programs contact 78000LE. Z # O THEN STOP 

iP SPaer 7900 PRINT"(clear key)" 
pee 8000 INPUT"To use the same Stability Constants type zero here: ",Z 

417 West Water Street 8100 IF Z = 0 THEN 4600 
Berne, Indiana 46711 8200 GO TO 2400 

59999 STOP 
and 60000 REM MY WORLD-FAMOUS ERROR LIMITS SUBROUTINE. LET'S NOT ALLOW 

60010 REM THE USER TO MAKE MISTAKES WHEN S/HE TYPES IN DATA. INPUT 
Dr. L. A. Bares 60020 REM MUST BE WITHIN THE LIMITS OF 'L' AND 'U', ‘A’ IS BET Oe 

F i i F 60030 REM ANY GOOD BASIC INTERPRETER SHOULD HAVE THIS ABILITY BUILT 
Indiana University—Purdue Uni-  fogag REM IN AS AN INTRINSIC FUNCTION. 
versity at Fort Wayne 60100 IF A >= L THEN IF A <= U THEN RETURN 
2101 Coliseum Boulevard East 60200 PRINT"OOOOPS! THIS NUMBER MUST BE FROM "s3L3" TO "3U 
Fort Wayne, Indiana 46805 60300 PRINT"PLEASE TRY AGAIN HERE: "; : INPUT" ",A 

60400 GO TO 60100 

References Bee2 OnE she 64000 REM SUBROUTINE TO STOP SCROLLING OF THE SCREEN. LET'S HAVE 
Angelici, R. J., Synthesis & Technique 64010 REM PITY ON THE POOR USER WHO CAN'T READ AT 120000 BAUD AND 
in Inorganic Chemistry, Experiment 64020 REM ALLOW HIM/ER TO READ WHAT WE PRINTED BEFORE IT DISAPPEARS. 
13 (1977). 64030 REM A GOOD INTERPRETER WOULD HAVE THIS AS AN INTRINSIC FUNCTION 

Eesti 64040 REM ALSO. FOR WORK WITH CRT'S IT'S INEVITABLE. 
Blackburn, T. R., Equilibrium (1969). 64100 INPUT"To continue, type any number here: ",Z 
Li, N.C., J. M. White & R. L. Yoest, J. 64200 PRINT"(clear key)" 
Amer. Chem. Soc., 78,5218 (1956). 64300 RETURN 
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Another new game from Creative Computing.... 

OTHELLO 
Ed Wright* 

Language: FORTRAN 
Description: Othello is a two-player 
game played on an 8-by-8 grid. The 
game begins with four chips on the 
board—two black and two white. In 
alternating moves, the players place a 
chip on the board (one player uses 
white chips, the other black chips). 
When, by making your move, you 
succeed in getting one or more chips of 
the opposing color between two of 
yours (in a horizontal, vertical, or 
diagonal row) they are converted to 
chips of your color. The game ends 
when the board is completely filled and 
the winner is determined on the basis 
of who has more chips of his color on 
the board. In the computerized version 
of the game presented here, you are 
pitted against the computer. 

The author provided the following 
explanation of each subroutine: 

Subroutine MOVEG (B, OC, NM, 
MOVESI, MOVESJ, DIR, LC, JAA, IAA 
IM, NOMVE, NFLIP): Generates all the 
legal moves from any possible board 
position. B is a 2D array that stores the 
present board position (100="“off the 
board,” 1=white, -1=black, O=empty 
square). @C is the “opposite-color 
variable” and tells the program what 
color the opponent is. If - OC is put in 
the place of OC, then the subroutine 
will generate all the legal moves for the 
opponent. MOVESI and MOVESJ are 
arrays that store the | and J coordinates 
of each of the legal moves returned 
from the subroutine. DIR is a 2D array 
that stores the number of the direction 
that pieces are flipped for each move. 
LC is an array that stores how many 
different directions pieces are flipped 
for each move. IM is the number of 
possible moves generated. NOMVE 
(could be eliminated and IM used) is a 
variable that if equal to 1 indicates no 
moves exist for the player from the 
present board position. NOMVE equal 
to 0 indicates the player does have at 
least one move. NFLIP is an array that 
stores how many pieces are flipped for 
each of the IM moves. 

Subroutine C@UNT(B, @C, NZC): 
Counts up the opponent’s number of 
pieces on the board. If -@C is put in 
place of @C, then it counts up the 
number of pieces the computer has. 

*802 Coriander Dr., Torrance, CA 90502. 

Subroutine BOARDP(B,NM): Prints 
out the board after having converted 
the 1’s and 0’s and -1’s to W's, .’s, and 

B’s.(See sample game included). 
Subroutine BOARDC(MOVESI, 

MOVES, IF, IAA, JAA, B, OC, DIR, 
LC): Changes the board for the IFth 
move of the possible moves stored in 
MOVESI, MOVESJ. Depending upon 
S&C, it too can either change the board 
for amove made by the computer or by 
its Opponent. 

Subroutine MOVEE(B, OC, NM, 
MOVESI, MOVESJ, NFLIP, DIR, LC, 
IM, IF, IAA, JAA): Evaluates each of the 

moves given to it from the move- 
generator subroutine and returns what 
it considers to be the best move via the 
integer IF; that is, the move it selects is 

MOVESI(IF), MOVESJ(IF). | have not 
tried it, but | believe you could replace 
QC with -OC in this routine and set up 
the program to play itself and “fine- 
tune” the evaluation of the moves. The 
present version of MOVEE only looks 
ahead two ply and evaluates all the 

BOARD POSITION AFTER 

" =) 2p oS" 1:67. 

DBYIADMNEWHFH HG 

© Wise « « ¢ Swe « « 

possible board positions. | am working 
on a version of MOVEE that will look 
ahead four ply (two turns) and use 
pruning techniques and a more general 
evaluation “function.” 

Final note: Originally, if the com- 
puter was allowed to go first, | had a 
random-number generator that chose 
one of the four possible opening moves 
for the computer to make. However, 
since the opening position is com- 
pletely symmetric, it makes no dif- 
ference which of these four opening 
moves one makes. Therefore, in the 
interest of reducing slightly the size of 
the program, | removed the random- 
number generator and associated 
statements and now just allow the 
program to make one of the four 
possible opening moves. | feel the 
savings in space is more important to 
the computer hobbyist. 

Also, |amcontinual!ly fine-tuning the 
move-evaluation subroutine that is 
included the printout, although its 
basic structure will not change. 

Sample Run 
@ MOVES 

—Game opening— 

WELCOME TO THE GAME OF OTHELLO. DO YOU WISH TO 
GO FIRST? YOU ARE WHITE IF YOU ARE FIRST. 
? 
yes' 

DO YOU WISH TO BE GIVEN A HANDICAP? 
fs 
‘no! 

DO YOU WISH TO GIVE ME A HANDICAP? 
? 
‘no! 

WHAT IS YOUR MOVE ? (I,J). 
? 60014 
4,6 

BOARD POSITION AFTER 

DNDN SWHPH HG 

o= 

Co > SA 

MY MOVE IS : 5,6 
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—Later in the game— —Still later in the game— —At the end of the game— 

WHAT IS YOUR MOVE ? (I,J). WHAT IS YOUR MOVE ? (I,J). WHAT IS YOUR MOVE ? (I,J). 
? 60014 ? 60014 ? 68014 
3,5 3,8 7 Hea | 

BOARD POSITION AFTER 11 MOVES BOARD POSITION AFTER 23 MOVES BOARD POSITION AFTER 59 MOVES 

Oh os as is SR Ch ak aa Jemrler2. 3-8 4 4S 96.72 ig Jc= lie 2) Sa -4) 55 Cee 8 
I I I 
” “ . 

1 Saye e Pes P ewes. 6. 1 Ae aay Nee eh ei Fe 1 [ye ib Wy Ee ey Eb ky 
2 Siwentlocms Bens ores 2 Set RWS ee eo he, 5 2 Ww BBB WW. B 
3 Teeeete wes WB cs fe 3 - « W W WWW 3 WB BS Wa eB 

4 S 4 -o TDC a 4 - - WBWB HWW 4) 88) By BW SB We Bb 
See Beebe Ba Bie WorW) os 5 Sea BeaB Se WeiB Be Wie Be. 5 W BWhWB WW B 
6 Sete oe maw WW, Wk te Le 6 Cea We BW Wink SB 6 wWWWWwW BW B 
7 8 6) eg ae 7 ea at, BU eer es 7 weWWoWWwWWh Wh B 
8 sola!) Nee ee ee 8 eee a Bet we 85 BBB. VBE" By BBB 

MY MOVE IS : 8,4 MY MOVE IS : 2,4 MY MOVE IS : 2,7 

BOARD POSITION AFTER 12 MOVES BOARD POSITION AFTER 24 MOVES BOARD POSITION AFTER 68 MOVES 

INTEGER B(10,10) ,DIR(30,8) 
DIMENSION DRSPON(2),IAA(8) ,JAA(8) ,MOVESI (38) 612 FORMAT(/,'YOU PLAYED WELL AND WE HAVE TIED. I WAS LUCKY.',/, 

2,MOVESJ (38) , LC (30) ,NFLIP (36) 2'*THANK YOU FOR A FINE GAME.') 
DATA DRSPON /'YES‘,‘NO'/ WRITE (6,613) 
DATA IAA /-1,-1,-1,0,1,1,1,0/ 613 FORMAT(/,1X,‘DO YOU WISH TO PLAY AGAIN?') 
DATA JAA /-1,0,1,1,1,0,-1,-1/ : READ (5,*) RESPON 

~ COMMON /TWO/ OC Program Listing IF (RESPON.EQ.DRSPON(1))GO TO 22 
22 DO 10 I=1,10 STOP 

DO 16 J=1,10~ END 
B(1I,J)=@ SUBROUTINE MOVEG(B,OC,NM,MOVESI ,MOVESJ,DIR,LC,JAA,IAA,IM, 
IF(I.EQ.1.OR.1.EQ.18)B(1,J)=108 2NOMVE,NFLIP) 

10 IF(J.EQ.1.0R.J.EQ.10)B(1I,J)=100 INTEGER B(10,10) ,DIR(30,8) $ 
B(5,5)=1 DIMENSION MOVESI (30) ,MOVESJ (39) ,LC (38) ,NFLIP (38), 
B(5,6)=-1 2IAA(1) ,JAA(1) 
B(6,5)=-1 COMMON /TWO/ OCA 
B(6,6)=1 DO 1 I=1,3@ 
CALL BOARDP(B,6,@) LC (I) =8 
WRITE (6,601) 1 NFLIP(I)=0 

601 FORMAT(//,1X,'WELCOME TO THE GAME OF OTHELLO. DO YOU WISH TO ImM=@ 
2',/,' GO FIRST? YOU ARE WHITE IF YOU ARE FIRST.') DO 28 1=2,9 
READ(5,*) RESPON DO 26 J=2,9 
oc=1 IF(B(I,J))20,3,28 
IF (RESPON.EQ.DRSPON(2))GO TO 11 3 1C=0 
CALL HANDIC(OC,B,DRSPON,NHD) DO 5 L=1,8 
NM=NHD IA=IAA(L) 

8 IF(NM.EQ.68)GO TO 15 JA=JAA (L) 
CALL MOVEG(B,-OC,NM,MOVESI ,MOVESJ,DIR,LC,JAA,IAA, IF(B(I+IA,J+JA)-OC)5,6,5 

2IM,NOMVE,NFLIP) 6 Iv=1 
IF(IM.EQ.6)GO TO 12 4 IV=IV+l 
WRITE (6,713) MVI=I+IV*IA 

713 FORMAT(//,1X,'WHAT IS YOUR MOVE ? (I,J).'‘) MVJ=J+IV*JA 
14 READ(5,*) MOVEI ,MOVEJ IF(B(MVI,MVJ))7,5,7 

MOVEJ=MOVEJ+1 7 IF(B(MVI,MVJ)-108)11,5,11 
MOVEI=MOVEI+1 11 IF(B(MVI,MVJ)-OC)8,4,8 
DO 9 I=1,IM 8 IF(IC-1)13,12,13 
IF (MOVESI (I) .EQ.-MOVEI.AND.MOVESJ (I) .EQ.MOVEJ)GO TO 13 13 IM=IM+1 

9 CONTINUE Ic=1 
WRITE (6,761) 12 NFLIP(IM)=NFLIP(IM)+IV 

761 FORMAT(1X,'MOVE INVALID. PLEASE RE-ENTER') LC (IM) =LC (IM) +1 
GO TO 14 LD=LC (IM) 

13 NM=NM+1 DIR(IM,LD) =L 
CALL BOARDC (MOVESI ,MOVESJ,1I,IAA,JAA,B,-OC,DIR,LC) 5 CONTINUE 
CALL BOARDP(B,NM,NHD) IF(IC) 21,26,21 
GORTOR2 21 MOVESI(IM)=I 

1l oc=-1 MOVESJ (IM) =J 
CALL HANDIC(OC,B,DRSPON,NHD) 20 CONTINUE 
B(5,7)=1 IF (IM) 31,31,30 
B(5,6)=1 31 IF(OCA.EQ.OC) WRITE (6,199) 
NM=NHD+1 104 FORMAT(/,1X,'I HAVE NO MOVE AND MUST PASS‘) 
CALL BOARDP(B,NM,NHD) 30 RETURN 
GO TO 8 END 

12 WRITE(6,756) SUBROUTINE COUNT(B,OC,NOC) 
756 FORMAT(/,1X,'I CAN SEB NO MOVE FOR YOU , SO I WILL ', INTEGER B(16,1) 

2 

663 

20 
662 

15 

618 

611 

2'MOVE IF I CAN.') 
IF(NM.EQ.60)GO TO 15 
CALL MOVEG(B,OC,NM,MOVESI,MOVESJ,DIR,LC,JAA,IAA, 

21M,NOMVE,NFLIP) 
IF(IM.EQ.@)GO TO 20 
CALL MOVEE(B,OC,NM,MOVESI,MOVESJ,NFLIP,DIR,LC,1M,IF,IAA,JAA) 16 

MOVEI=MOVESI (IF) -1 
MOVEJ=MOVESJ (IF) -1 
WRITE (6,603) MOVEI,MOVEJ 
FORMAT(/,1X,'MY MOVE IS : ',I1,‘,',I1) 
CALL BOARDC (MOVESI ,MOVESJ,IF,IAA,JAA,B,OC,DIR,LC) 
NM=NM+1 
CALL BOARDP(B,NM,NHD) 
GO TO 8 
WRITE (6,602) 100 
FORMAT(/,1X,'DO YOU HAVE A MOVE?') 
READ (5, *) RESPON a1 
IF (RESPON.EQ.DRSPON(1))GO TO 8 
IF(IM.NE.@)GO TO 2 102 
CALL COUNT(B,OC,NOC) 
CALL COUNT(B,-OC,NC) 193 
IF (NOC.GT.NC) WRITE (6,610) 
FORMAT (/,1X,'CONGRATULATIONS, YOU PLAYED WELL AND HAVE WON.', 

2/,1X,'THANK YOU FOR A FINE GAME') 
IF(NOC .LT. NC)WRITE(6,611) 
FORMAT(/,1X,'YOU PLAYED WELL ; HOWEVER,YOUR LUCK WAS BAD AND‘ 

2,/,*I HAVE WON. THANK YOU FOR A FINE GAME.') 10 
IF(NOC .EQ. NC) WRITE(6,612) 104 
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NOC=8 
DO 10 I=2,9 
DO 18 J=2,9 
IF(B(I,J)-OC)18,5,1 

5 NOC=NOC+1 
CONTINUE 
RETURN 
END 

SUBROUTINE BOARDP(B,NM,NHD) 
DIMENSION OUT(3) ,POUT(10,18) 
INTEGER B(16,1). 
DATA OUT /'B','.','W'/ 
NMP=NM-NHD 
WRITE (6,108) NMP 
FORMAT(/,6X,*BOARD POSITION AFTER ‘,1I2,* MOVES',/) 
WRITE (6,101) 
FORMAT(* J = 1 2 
WRITE (6,162) 
FORMAT(* I') 
WRITE (6,183) 
FORMAT(* “') 
DOES TI=2),9 
DO 9 J=2,9 
IS=B(I,J)+2 

9 POUT(I,J)=OUT(IS) 
DO 16 I=2,9 
I1=I-1 

3 4567 7a 87) 

WRITE (6,104) 11, (POUT(I,J) ,J=2,9) 
FORMAT (1X,11,3X,8 (Al, 2X) ) 



31 

39 

40 

10 

13 

11 

33 

56 

63 

34 

RETURN 
END 
SUBROUTINE BOARDC (MOVESI,MOVESJ,IF,IAA,JAA,B,0C,DIR,LC) 
INTEGER B(16,1@) ,DIR(30,8) 
DIMENSION MOVESI (30) ,MOVESJ (30) , IAA(1) ,JAA(1) ,LC (30) 
MI=MOVESI (IF) 
MJ=MOVESJ (IF) 
B(MI,MJ) =-OC 
NDIR=LC (IF) 
DO 49 I=1,NDIR 
L=DIR(IF,1I) 
IA=IAA(L) 
JA=JAA (L) 
Iv=8 
Iv=Iv+l 
MVI=MI+IV*IA 
MVJ=MJ+IV*JA 
IF (B(MVI,MVJ) +OC) 39,48, 39 
B(MVI,MVJ) =-OC 
GO TO 31 
CONTINUE 
RETURN 
END 
SUBROUTINE MOVEE(B,OC,NM,MOVESI ,MOVESJ,NFLIP,DIR,LC, 

2IM,IF,IAA,JAA) 
INTEGER B(10,1) ,DIR(30,1) ,BT(10,108) ,BTT(10,10) ,DIRB(20,8) 

2,BTTS(9,9,20) ,DIRBB(20,8) 
DIMENSION MOVESI(1) ,MOVESJ(1),LC(1),NFLIP(1) ,MBI(20) ,MBJ (20) 

2,LCB(20) ,NFLIPB(30) ,IAA(1) ,JAA(1) ,1¥(24) ,JY¥(24), 
2IMID(24) ,JMID(24) ,1D(24) ,JD(24) ,NCORNI (4) ,NCORNJ (4) 
2,MBBI(2@) ,MBBJ (208) ,LCBB(20) ,NFLIB(39) 
DATA NCORNI,NCORNJ /2,2,9,9,2,9,9,2/ 
DATA ID,JD /374,5467 748 96%9 48575645545 3¢12%2, 34 445,65758, 
26*9,8,7,6,57443/ 
DATA IY,JY /5,1 

WA HPA Pp snil 
DATA IMID,JMID 

Mig inZinliienen line 
ICO=0 
IF=1 
IF(NM.EQ.59)GO TO 20 
DO 12 I=1,IM 
MI=MOVESI (I) 
MJ=MOVESJ (I) 
‘IF (MI.NE.3.AND.MI.NE.8)GO TO 13 
IF(MJ.NE.3.AND.MJ.NE.8)GO TO 13 
IF (MI.EQ.3.AND.MJ.EQ.3) IC=1 
IF (MI.EQ.3.AND.MJ.EQ.8) IC=2 
IF (MI.EQ.8.AND.MJ.EQ.8) IC=3 
IF (MI.EQ.8.AND.MJ.EQ.3) IC=4 
IF (B(NCORNI (IC) ,NCORNJ (IC) ) .EQ.8)NFLIP(I)=NFLIP(I)-56 
IF(MI.NE.2.AND.MI.NE.9)GO TO 11 
IF(MJ.NE.2.AND.MJ.NE.9)GO TO 11 
ICO=ICO+1 
NFLIP(1I)=NFLIP(I) +60 
IF(MI.LE.3.OR.MI.GE.8)GO TO 2 
IF(MJ.LE.3.OR.MJ.GE.8)GO TO 2 
NFLIP(I)=NFLIP(I) +18 
GO TO 12 
ND=LC (1) 
pO 5 J=1,ND 
L=DIR(I,J) 
IA=IAA(L) 
JA2JAA(L) 
Ivel 
IvelIvel 
MVI@MI+1V*IA 
MVJ2MJ+IV*JA 
IF(B(MVI1,MVJ)=-OC)6,4,6 
IvVeIV+4l 
MVI=MI+IV*IA 
MVJ=MI+IV*JA 
IF (B(MVI,MVJ) -OC)7,8,7 
IF(B(MVI,MVJ) +0C)5,6,5 
IF(B(MI-IA,MJ-JA))5,9,5 
NFLIP(I)=NFLIP(1I)-5 
GO TO 12 
CONTINUE 

» CONTINUE 
DO 32 I=1,IM 
NSUBO=0 
MI=MOVESI (1) 
MJ=MOVESJ (I) 
Ic=8 
bO 33 K=1,16 
DO 33 J=1,10 
BT (K,J)=B(K,J) 
LL=@ 
DO 56 J=1,24 
IPP=ID(J) 
JPP=JD(J) 
IF (MOVESI(I).NE.IPP.OR.MOVESJ(1).NE.JPP)GO TO 56 
LL=J 
CONTINUE 
CALL BOARDC(MOVESI,MOVESJ,1,IAA,JAA,BT,OC,DIR,LC) 
CALL MOVEG(BT,-OC,NM,MBI,MBJ,DIRB,LCB,JAA,IAA,IM1, 
2NOMVE,NFLIPB) 
IF(IM1.NE.0)GO TO 63 
NFLIP(1I)=NFLIP(1) +100 
GO TO 32 
DO 36 J=1,IM1 
DO 34 K=1,10 
DO 34 L=1,10 
BTT (K,L) =BT(K,L) 
CALL BOARDC(MBI,MBJ,J,IAA,JAA,BTT,-OC,DIRB,LCB) 
IF(LL.EQ.@)GO TO 38 
1c=1 
I1Z=1¥ (LL) 
J2=JY(LL) 

ws 
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160 

102 
183 
36 
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53 
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58 

35 

538 
61 

62 
60 
32 

16 

15 
20 

610 

10 

IF (B(1IZ,J2)+0C) 41,40,41 
MK=JMID(LL) 
ML=IMID(LL) 
IF (B(ML,MK) .EQ.@) NSUBO=92 
IF (BTT(MI,MJ).NE.OC)GO TO 38 
NFLIP(1I)=NFLIP(I)-40 
IC=2 
CONTINUE 
CALL COUNT(BTT,-OC,NOC) 

IF (NOC) 39,39,42 
NFLIP(1)=NFLIP(I)-208 
GO TO 32 
DO 37 K1=2,9 
DO 37 K2=2,9 
BTTS (K1,K2,J) =BTT(K1,K2) 
DO 180 IL=2,9 
DO 188 JL=2,9 
IF (BTT(IL,JL))96,100,96 
IF(BTT(IL,JL) - OC)99,188,99 
DO 98 IZ=1,8 
Iv=0 
Iv=IV+l 
ILL=IL+tIV* IAA (IZ) 
JLL=JL+IV*JAA (IZ) 
IF (BTT(ILL,JLL) ) 98,36,98 
IF (BTT(ILL,JLL) -100) 97,36,97 
IF (BTT(ILL,JLL) -OC) 86,90,88 
CONTINUE 
CONTINUE 
CALL MOVEG(BTT,OC,NM,MBBI,MBBJ,DIRBEB,LCBB,JAA,1AA,IM2, 

2NOMVE,NFLIB) 
IF(IM2.EQ.8)GO TO 163 
DO 1062 IL=1,1M2 
IF (MBBI (IL) .NE.2.OR.MBBI(IL).NE.9)GO TO 102 
IF (MBBJ (IL) .NE.2.OR.MBBJ(IL).NE.9)GO TO 162 
GO TO 36 
CONTINUE 
NFLIP(1)=NFLIP(I)-199 
CONTINUE 
IF(IC.NE.1)GO TO 35 
CO 58 K=1,24 

IQ=ID(K) 
JQ=JD(K) 
IF (MI.EQ.1Q.AND.MJ.EQ.JQ)GO TO 58 
IF(B(1IQ,JQ)+O0C) 50,53,508 
DO 54 Kl=1,I1M1 
IF (BTTS(1Q,JQ,K1) .EQ.OC) NFLIP(1I) =NFLIP(I)-8 
CONTINUE 
NFLIP(1)=NFLIP(1I)+25-NSUBO 
DO 68 K=1,4 
KC1=NCORNI (K) 
KC 2=NCORNJ (K) 
IF (B(KC1,KC2))60,58,60 
DO 61 Kl=1,IM1 
IF (BTTS (KC1,KC2,K1) .EQ.OC) NFLIP(I)=NFLIP(1I)-55 

IF(ICO.LE.1)GO 10 68 
IF (MI.EQ.KC1.AND.MJ.EQ.KC2)GO TO 66 
DO 62 Kl=1,IMl 
IF (BTIS (KC1,KC2,K1) .EQ.0C) NFLIP (I) =NFLIP(1)-20 
CONTINUE 

CONTINUE 
NFLIPM=-809 
DO 15 I=1,I1M 
IF (NFLIP(I)-NFLIPM)15,16,16 
NFLIPM=NFLIP(I) 
IF=I 
CONTINUE 

RETURN 

END 

SUBROUTINE HANDIC(OC,B,DRSPON,NHD) 
DIMENSION DRSPON (1) 
INTEGER B(10,1) 
NHD=0 
WRITE (6,608) 

FORMAT(/,1X,'DO YOU WISH TO BE GIVEN A HANDICAP?') 
READ(5,*) RESPON 
IF (RESPON.EQ.DRSPON(1))GO TO 7 
WRITE (6,610) 
FORMAT(/,1X,*DO YOU WISH TO GIVE ME A HANDICAP?') 
READ (5,*) RESPON 
IF (RESPON.EQ.DRSPON(2))GO TO 104 
NAH=-OC 
WRITE (6,609) 
FORMAT (/,1X,'HOW MANY CORNERS? 
READ(5,*) NAD 
IF(NHD.LT.1.OR.NHD.GT.4)GO TO 607 
CALL HANDI(B,NHD,NAH,OC) 
CALL BOARDP(B,0,0) 
GO TO 100 
NAH=OC 
WRITE (6,609) 
READ(5,*) NHD 
IF (NHD.LT.1.OR.NHD.GT.4)GO TO 606 
CALL HANDI(B,NHD,NAH,OC) 
CALL BOARDP(B,0,0) 
RETURN 
END 
SUBROUTINE HANDI(B,NHD,NAH,OC) 
INTEGER B(16,1) 
INTEGER NCORNI (4) ,NCORNJ (4) 
DATA NCORNI,NCORNJ /2,2,9,9,2,9,9,2/ 
SIGN=-1. 
IF (NAH.EQ.OC) SIGN=+1. 
DO 16 I=],NHD 
I1=NCORNI (I) 
12=NCORNJ (1) 
B(1I1,12)=SIGN*OC 
RETURN 
END 

(1-4) ') 



Another new game from Creative Computing... . 

SWARMS 
~ aa. 
SAOAOD hy 

we “ele tyigtete ‘Sp > 

Rand K. Miller 

1054 S. King St. 
Honolulu, HI 96814 

Language: BASIC (DEC 10) 
Description: SWARMS is a computer simulation (fancy 

word for game) that was conceived from the book 7he 
Swarm by Arthur Herzog. The program puts you in charge 
of the defense of the entire United States when swarms of 
ferocious South American hybrid bees suddenly start 
appearing in different sections of the country. The program 
is provided with in depth instructions which explain the 
situation very thoroughly. 
My goals for this game were to create a program that 

was 1) my own creation, not an improvement in somebody 

else’s game, 2) as realistic as possible, 3) not another 
Star Trek game. Since | wanted this project to be a test of 
my programming skills, | wrote the instructions first and 
made the game to follow the instruction as closely as 
possible. The instructions were updated at the end but the 
program ended up pretty much what | had planned. 

| would like to give special credit to the Albuquerque 
Public School System who own and operate a DEC-10 
computer system just for high school students. Their set 
up is slightly ahead of the times. 

| would also like to give no credit to the Honolulu Public 
School System which owns and operates nothing for high 
school students. Their entire city is years behind the times. 

NOTE: When adapting this program for other computer 
systems, special attention should be paid to the ‘‘tab’’ and 
“print using’ statements (5100-5250) and the margin 
statement (90) which is not necessarily needed. 

Rand Miller at home with a Friend. 
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nO YOU NEEL INSTRUCTIONS ?NO 

TIME: 1 
ENTER YOUR LAST NAME FOR IDENTIFICATION CHECK. 

?MILLER 
ENTER YOUR CODE WORD FOR LATER VARIFICATION. 

? SWARMS 

COMMAND ?1 
TIME: 2 
1) ATTACK SCAN MAP 

CANADA: NO INFORMATION aes 

Lia eS See ASE te ee a Tt 
1 1 1 1 1 UN — ee 

1 1 1 Pk ek Ne a ie 
1 yee eee eh Lee A ST kal 1 / 
A eee 1 1 1 1 az 1 

1 1 1 1 1 b Rakesh (ep | 
1 i Yeh ey (ee ak oh 1 1 
Nae 1 aS 1 1 1 1 

Na 1 1 1 1 D WER 
A: Rp (ae ee es Po 

We 1 Ne! 
Nae aya 

Needs she! 
MEXICO: NO INFORMATION 

COMMAND 72 

TIME: 3 
2) ETA REFORT 

SECTION 79 
OOOO OOOO IOOOIOIOIOIOIOIOIOOIOOI OOOO OOOO IK 

THE BEES WILL ARRIVE AT THE MAJOR CITY IN 
SECTION 9 AT 9% HOURS. 

SOOO IOI OOOO ORO IOIOKIOK 

COMMAND ?2 
TIME: 4 
2) ETA REPORT 

SECTION ?21 
SARC IORIOIOI OOOO IOI OIOOOIOOIOROIOK 
THE BEES WILL ARRIVE AT THE MAJOR CITY IN 

SECTION 21 AT 10 HOURS. 
SOOO OOOO OOO OOOO OOOO IO IOI IOI IK 
XTHE SWARM IN SECTION 9 HAS SPREAD TO SECTION 8 

COMMAND ?3 
TIME? $3) 

3) BATTLE PHASE OPTIONS 
SECTION 78 
FHASE ?3 
FROJECT BRUSH FIRE? PHASE THREE» NOW BEING ATTEMPTED. 

*XTHE FHASE ON SECTION 8 WAS SUCCESSFUL 
xXTHE SWARM IN SECTION 8 IS READY TO BE DESTROYED 
XTHE SWARM IN SECTION 9 HAS SPREAD TO SECTION 10 
XTHE SWARM IN SECTION 21 HAS SPREAD TO SECTION 20 

COMMAND ?3 

TIME: 6 

3) BATTLE PHASE OPTIONS 
SECTION ?20 
FHASE ?3 
PROJECT BRUSH FIRE: PHASE THREE, NOW BEING ATTEMPTED. 

COMMAND ?3 
TIME: 7 

3) RATTLE FHASE OPTIONS 
SECTION ?10 
PHASE ?3 
PROJECT BRUSH FIRE: PHASE THREE, NOW BEING ATTEMPTED. 
xXTHE PHASE ON SECTION 10 WAS SUCCESSFUL 

COMMAND 73 
TIME: 8 



= = = = = = 5 
= = 

t + a + o + 8 
* * 

ry + 8 + 6 + e 
* * 

ry : a = + t] + s = * * 

5 = > 8 xre= + iy 5 8 ws = = * ed 

i] we + e ewe + 8 + t na set e ven =e 2 = = = 

8 or) + ® rEeerwo + 8 = + a Derr wa gz oo: aw * az FF . t = 

8 = <> + 8 wEreo + a ws + a atOM0 >a € or ars = we Os = zz =f s 

8 até + . @ oe + 8 we + 8 == Zow =O < xrDe urd . se OorZze = Otter neo 

ry wrt + 8 saw + a =Ou + = 8 -8 Oo 430Nn vor e« Ow Ozz -s >Ds ZZOr * es Zz 

o pus + 6 oz5> + 5 zu + xe ub 5 OZ SKS HOD < <rr <x * Zao Hz = <O ree 

4 wrue + r) soe a 900 + us na = rez uwio a ane aw & <tr +2 * n>ZzzrD! 

. “<eoz + & Deuz + s a) + <e a Oe930 xO wr oOuw * oOo 1za0 = — O OZ 

a - Qa + = 6 Oes0 + =e —-2q + we fo) we FO T3 <«~o 4 wna <0 = ZUDd-000 * Xx weKore 

zo ze me Zier + ne <-wy + r) ee uae wits? rca > raz Oo = ne Oz w * Reu>swz 8 

ze nA< + ze no + xe Sire + xe x aw uD aed x wo Zz x = n> rie = Od cree at 

=a) enoudc + a8 n + Dae Daz + 38 =o Ne Za ZD Aus - x> oor = > rood * o xr OwD 

on uae + on w Ow + on ares + fom) are -—- <»OD a x ww Zew > = rw * zo FD 

xe ~weDd + xe ZHrvu + xe Qu + xre <u on whe Owr = On or * rDOFOrU * 270 Za 

8 ererua + 6 o< 3 ¢+ e oa + zu - = Zero 70 wow od udurd ac * oO w2Zassr 

8 o<<0O + zt eWwEo + me a + 35 n 2 woare azte@«< a0n Zor ke o at > Dita be 

e = a + 8 Sex + 8 wnz + r n Ou >xErZz =00 ws Z Onn * xe<or ww >nioco 

r a> + 5 “wa + 8 wut + 5 Zu or x ZH Roe >= Fra ex = oOo wo2zy4 * >< me 

r OQw2zz + , a2 aa + 8 Dn + ‘ Ow a Dia Oo «2 €cecr 5S r Oo * Oe Ute Sed orww << 

r) wea + r) woo + 8 <<a + ) o -O < swre> za £m 23 ete * <we 2 Sd rxDbD | 

r rn Oo + 8 xw > + 8 wre + ) a <2 ZNwe Duiuw Aw Dwr n * =eDw> ar * >> oa 

8 dum + 4 a3 + rane + ’ woD < -wnOouw ree Dus Ze ora = <4Orr ow = jas © > 

6 wKeowr + 6 wowe + - < + 8 an n- O aqn5 2 ms aoaw a <eaur- © ® wetaew e 2 

8 xez<u + 8 maw + e [4 + r) az We esi O = o wont - od x vo = pe ot: ae 

r) text + a Guu Sd 8 xrwOo + or won xrnNIde a CArw rn nav = wa zn = wae 3005 

> + 8 >Zwz + , wou + i) rn nd CHF] ww ao eg =, ots = ror ar ot = tan arte 

jZzZ<«u + 8 Jam + 8 eEe + r) on =< ~~ OF 2x2 ae we ox * <WwWZO = Aad ee > 

oT = ee + =, Dz + f) ude + ® oO ur sh oao 3 no -zre te DSDuU>07 a Zwoow> 

< or + az re + 5 <Z2= + t) uw ou x @& xX ~ wx & xrdr ® OOwedaoas 8 & OVZOEIW 

nOZ > Or + ‘ — + f) xo w wWE>ar en §—O VO wo< ea ayvz2zatrwre # 2 OW <a 

Ow<«n + uo ro + r) rs + 6 <r = Neer mow z aBu<a mar = >a Ww ero Fe O ZEwonan 

ma O + srw + 8 au + t ee rere orm wr ra ars * we NMeee Ww FH DOD ETHN> 

aax + uenD + 1) zi<c + 8 wx qa 2 USD Or us -OK 2xu a 2-4 OZ— # & we Or rw 

ROOz + weazo + ® oo + 8 are x7 ume <D ao w < xro wo? * CO >uao<t *# VY >SU FOr 

exe + - x + e a2 + ‘ 4 H- LOwxrde Dp wa XEN ao * —aeZIaD # OD OZ > wo 

se £0 - + & xu + 8 aun + . ac =r FY TeUVe we w on * pee< © O 82 & FX HF YV24 

oz < Ee + wes <«roz + Y ud + o mw ID ZHr OQ wa awa ew xD = Da Z ut &@ F&F NHS 

terd wou + 319 ww + * Ore + t= or O98 +r OCOZ2 «eT xr 2wr - Oo © WD fOuUWw> &* MO Nw 

sear wexD + <iw - Dw ¢ 3Ien + wn - SD Mwo2zrs ae De fae Det Z 00 OerhAys 8 ob wor nN 

@2@ixnm Oc<<o + ze =p tee he w + ou 4 o Za O MU a -o wo 2 O Dadwura ew 30 059 £525 

wiexrn per en 80 Oza + 5 wea + on maz xo £n> Ix ZX wz > > =z >—- <«< wae wo Er 

wow 2wwer + wo Dx + 8 Doo + ez Oe Tee @O7ceUO awe fre GOW a) 2 - Owwe2n 4 ® FX wre DOU 

zx Za + =e he Zarda + & at + Ava =. —-ZNUNXAID vrs A BE => oes # < ss te VEZy & <« o-DaIw = 

x oe o2z00 + ws 20 ww + 8 Ow + wus nan Ore <1t0OW -OZDe 100 = NOW.) # 72 wordrew F W MO > Gus 

N82S —OrzZz + rI1Q9O ROIN + Bes Zur se Nts Zz >na w OZ & FOOW 4HDH 2ZzZD0 # LO STEVES I wy * 4 ZOw Oa 

Bsza wt we + weZee bales > Zw Oru + Zor wr 43 WOURMWr Outer bt rt wae WwW & <« 2-0 wWzOs 8 oO < KWE TS 

xin 332n + -— te I 5 + OezZ 2 Kent vo S wee awaHz< Ozraxy «2 OnzreoOwr *£ > < OF AsaQ *# D OswOoer 

Otorw rudd + Nixed Qe + a el a oe 2I1ZP Kewe = 2 2aewxOO N O- OX ewer-Z2ZIITD 2 ww wnt ® 2 X rr 

<r Ea + aN EDHe + eI px + SD FEE ENRVUCSYRAY BNMVATS Werle O & = eOwErOD5D * >rO ww 3 

- twa rKMs + — ule umzx + VIe Ww wwe Stee «ee Of DeMeaue Zt ZW LOUDs ZweyIIVID oO ®F DBzerrZz Oo *® - -oosaZz 

vent w2aw + Vtios sou + Daeat NIrxXe te aan OaEZED Tarrzdrwd 4S4HuWwreawrID x & uo <« au * ~ si 2a 

weed O ar + wee O wu + wmaezr Zwza+ zZias Denn OOTOURD OM KHOA IVZIMNADIG se AMDEIBO * oO orwe 

cir eet Zine +  D2tiux Sof + es woe + Apso ee reZz amONY 4H XwRDIWO 4O<KD Ye AIT & NeBXVOV = Suwor ut 

wO’Z NUON € FOIZW YZGD + = MtwW UD EH OID2 Le CO (AW H>- OF Liars Awioww HOD <I s ad Zeer Ts 

web DXUZ & XI JA y esi Joe CLINA OOaseeOrICwIAADIE Xr eEL Mrucy au IwOrstate *& z<azoac 

wat we we FOOD YW Fy + HOM CWITS wed ere MUD Zar wnr-- DOO # ae IO wer DVUOCKIIEW rFNIWAEFON & <5rowr oz 

2 8s xervo ¢ D 6 yroar + > 8 Yeee x 8 a o a os - ac x z a 2 

ps o<asr + 2 Ff Duka + 6 Oz Hs. 8 eX n = o w - = zs 2 ew 

- 6 Zi a>) > a 8 ZNre + ow 6 HZ n+ WM 8 7) a = re n = = 

8 Dz<a + 8 = 4 + 8 ws + 8 co -~ = = =~ = a 2 2 2x ao 

w (8 xr<0uw + wit Ite + w 8 rwzar w ot < a (Ss) o ev ie o z= 2 * Zz 

o =r e+ WM 8 waz +m” 6 Bude w 8 
“= < = <a 

< 3 ree + = 6 rem + <6 a+#+as 
z= =& =z = 

xe —w + xr 6 aww 6+ X 6 Axwe xr 6 
“2 = 2z 

a 8 =—=rz + 2a 8 -r> + a 6s aqare+ 1 8 
*x 3 = 3 

= 8 xu0- + «« 58 Oo + # 8 xrzree * 8 
z O # O 

zeeree este = seers zsss = stere =zszerere rrres: Seecetrrees ees ersrseesrsrseseerereEer = = sererzesze = =z-3Ssezszteet 

ee eee ee (cl con. so san el ceed a th a ee eee EE EEE EEE EEE EEE EP EE EEE ec 

Z~Z7ZVVA2LZZ7ALZSAAZAALZALZZLZZZ ZZ 2222222222222 2zZ2 Z2ZZZZ2ZZZZZLZZ
LZZZzZZZS Se ZZZZLTLZALZAZAATZLLZLLALASALLZA

LAZAZZAZLALZAZ 

ZZZZLZZZLZAZ AL ZLAZ LA AZ 2 Ae Ona ett tans aed td tt AA tt TEES De EEE EES ERLE LEELYTE 

oeeerxererererrrrrerrrererryxyrr 
ee UN eee eeeerxrery CXerrrrrxryrrrrrTxrrrr yee exrvrcerevrerxeererexrexerererrye

rrerxrreryxree 

anaconoanaaaganaananaaaaaoa O29
0oan0a0003404229 22ac0anga0aaa0a0caaa poarnmanaacaaanao

aagmaoaagaaraasasaaaaad aaaaaaaas
a 

SLOSS DI9IS YS 9HSISS999S 9993S SS9S3SS SVWssssf> 3S 9999559 9SSHSSSISSIIS SPSSTVSISSSSSSISSIS
SSSSSSSISSSISSSSSSss Ssss3 

FSRUMNT NOR OF SHANTI IN OF OFT SUMS NO~DIFIS-UMNIN OF DTS AUNT NO DE SHUM TNO DFSHAVUMINOF LISHUMIN OOF SAUMsTN Or OF SAVING 

F SDDS DOOD BD Date es ts ts FV UI UO OY Sr EEE A FIIITISFTINIANN
N NNN NN OLOOOODEL SOR N RRA RRA DOC OODICOOS FIFSOSD 

ERO OG CUA AU AAU PU RY AU UCU A FUR OU COR RU UO 8 EE UE UI UU AE FIA CU AUCs UCU UAL OU UY UU UU EUAN VUUUUYUUGUUTYUUUY EY 

SSS SOSSIIS DTSTVS J PPS SS SS SSS SSSSBVSESSISSsSsess SSSV
IIISSSSTSSSISsSVsSsssss SV TS SYVVSSSVSSSSSSVISVSSSSSSsss

sosss 

= 
* 
5 

srststessesrseeresezerrerterseerrcsrsetree 
"= 

ZwZ 6+ZwWuer Ow> tows tWZO><7TOIr+ 3 * 
40424 Oo JNK XSITE III<H OF t3dx0 * 

Orear << >Suldwdwe-+aa-ON2z9 «00> * 

— IIE eEZOrzzIr SH EE <00<” xr * 

a <&2 <wOO <Ornorzn.00K9 re OMu a = 

eo rae+orr impo ro le lalop mri iv 4 we om * La he 

IRE te UOMEHM 24H razz w er = we 

2 ew www OZ uct naeaOoOdEwZzZa * xr3 = 

>-OWWW> wr >rozZ<Odtwn <z zr <p-<aw bad -O cd 

Pere De wwZawee + FZu wO>NnNOoDe re * er @ s 

zor NUON > OrwOorxr wc & a *= 30 3 tne = <« 

wo u<a O38 ub wewrre nn I< * 2-4 “se 4 & a “Ee 

Zemw ese WZ>ZEeZ TwwEr Tre FHM O et <a< 4 OnE Is 

tor OID <eWOOH-OrR Zewrlow>z * 4 so ONE j z ~ ~~ 

wrzzo>z x wora« Dr oOo wean w * © NM Nr S See < N OUNwSee rs 

—- RHO rer UO FP Edw FO rN D ax 5d Misi NB pe ereeNE EEE j u NO —ee ere EEE 

Iwao uw ZHsO CVURrrwda OFF uM * ac S| al Ss +m” 4+ 

VOww 2Z>wuddZ ao roe woxrwodto = o< Sy ~ E 4 ~~ e 4 

2 WwoOWwo>ore- UNY -rEtNrwar ras = 4 sa } , 4 F omen 

O0Zxre w Zwvdewe OFde NTO - ad wa v2 $2 o-oo nn iu z p ee Reeds z 

= ee <r 2eowew CwOrOrwd O Ot X aod rz ° 7 o 4«< o a o 

- Oo EWEemdawzaqs~O © HOFOT awit <d bed -O m0 10 j~ fad - —~ +¢ + ] a Pa 

x = ZO NOM Wet HE w30 450 ODF+etwEt * Ld i ae = - 3 - nd 4 - 

(Eee rz <Orroorvew VOrn Oc DIIZH * —— < b RT nay « i < < < 

w Z wO>2z ae 2w © wer Vwowr-odt oF * ov = 4 4 ss + = j =z 

= IO WZdtwnte WOW er aIr> WH ea 90 %* ul wetemiwr } in 4 oa} ze nae | } } id 

of MeZRMONM OMEOUDS wr ree ZOr- word or * an oO = —- d-4 o <a o 4 3 

- O330u tae xe O FRIO bw ano bad < oe } 4 4 + j ow 4 3 ie 

Zz ‘« MOrHO FO xX Wr ODH = ez Orr ODE * zu Zp eee = a) Ze Fe Zz 

o UV OF NOt wD Laie DF H2Z29059 w” wz bad x= ~~ 4 4 3 A4N 19o 4 2 Ps 

ion! — watx IM -Z2ZdI7 HOZWZWwws Fw 2 ae 4 3 ” “7 7 4 vd 

- +. ZeeEXeATOR-Ht * DONID HAZHXHNIT WHOL * rt 940 } - } ae 4 3 + ow o4 j Te fo| 

<a + e4Hon -3D Warr O2ZNY DO aAee> mw OF = -= zat 4 4 a4 z 2 ow Zz 4 4 44 2 

yy x QZ © OnD eB A044 HAH ANGE Z De a 2e—2-e-o-e 41D eS ee 

—~ <= zr OF FIO N 2 +o Awrtr>U exanaZz OR -xr a ] 7 - « 

i > Dest AO <da 922 ssrw wrodv902 ze 3) < o ~ j 2 } > } - < } aye! } } tes 

- BZEHwAIF> ENOOX dWOWDNAIT ETA - bated ow 2 4 4 + iS) x Q 3 4 4 c 

_ fd HDJIaZwywrorae wt Inz Ozrroe- qrIe-s zee -< < SO OTS Oe Lond 5 3 <a p ea ees - 

ae ak NEOzZan> ZF HOTwrurxowan 7 ure ado rReRaw zqQ bad Lad 2 » 

Pe ae Ys save aor X¥D ww TF ad Oxrerz> Qor «a -w <im } a } we BY) j = < j ] * 

a « XY Were yZoowaar ae wr attra On FF Sx uo ¢ 4 = 4 o4 4: = 

- eo > 2x DBxexr xa+2z 2 wr ew ub * aed 2 = > a 

= - DUNDoWUeN DZwwracZasrEownwnazs ce eS ra +a 2 

nD 1 oe ah aqaqaz2 = Du wa2zrOataetxor F3aK4 ** <a dies in = tet } A 

2 ao °o 5S <0 =2a2WMO00T F200 wator Ze Ze * UO 4 4s 4 4 Pe 

3 i VIZ = eer et eMMNZYEaA wad zmnae 4-2-2 2-2 - pl beans 

= me Ort es Zui UO <9rrw wZz0a0Fro *=E0r os Zn < 

= ake = AND JEXN <4DIGD- Yt CHADEN— wArVvewx x cc ae x 

vu me (ae ada au @F Arddoe dure -D Osu # OF FU = 

Ss aa YOUR o> > swZ5y Fewer ONDE 3W072Z & # < £42 

1 Pu x DIANA «a aOZZ2uNE © t G & F OF n 

- Ss © DOSZIN CO BZ BNA asx FZ ioe tote con) 

n —- wi = Noorrd «<— ur WEKNWN Sure rwro = = <x 

2 BS 4 Fee DiwxeDe NADIE LC won zt95Nr astra bid n n 

= zo aZ2Qwt COCR we Ze ++ Ov DwotHuZor - ® has _ 

a ~ + sNe watoryn << wb Drx Awe 32anyv bal rw x 

Zh Zz Z wens uo OF wWrrzreo aU Zwaita 25 bed x - 

wma x WwW Aas OWOD >~D DOO Tw, - KF OTAIGETOX % se 

aw SS St oe wEZe Zw Jauw Z CVI <aCere = =< 

oo So = w @UHZNM sD OrO0 Dona Ue Ue ad 

> > SZE auuwddst ewe © LO HZHOHY FVZ 2 3 

= = AY See rE wwZ VOMIT ADIaHZMCOY DM we 2 

cwxr ce Nn ZUse Oda DXeE0N2 wre Fw +} A XIX “* <« 

> ww Ww ws Ges Owes 2k Ca Z2eee & Ve err Zee te x 

Ere F +S wr 2D nN w <WWZOd-eTrVOzZaarN DHS w# = 

DAAZAZA= A Faxes ZOZT Ewes —ZyUZZOr ass szZe z 2D 

Der BZWOA Ba OQZIF- Oe 409-Nar Nwit-r DdOr FUGC AE 2 U 

= == = S22 22 zrrzseef = = zs = = ss 

a vz rire = rrrrz: nr == = ss =z cr ss = Seezegcees eserrel (at Ny eS = bY Sat 

Papen ry ny a a et canal a a a ee ee ne nn ee ae cel oe al oll el el cet el el ool el ol ol ll el cl ee ole ld a lel ol oe el 

ae ates 2Z2 222222222222 22222 2z Ralarfahortarperterteterteerpe fete pee feet Sr 

OOaararete oad aonaoaarzaracaaaganaaargraaaaaaacaaaaanga
 amnoaaraaaagcaaaraonaranaaaagaaaaaarcaarzaraga aaanaaanaanaaagaaacaa/ 

N U N N \ N iy I f N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N 

SSESSSSSS5OS SSSHNS SSSSSSSISSISISESS
SG SI SISS SSYSSSSSSISIESSSSSSESSSSSISSSISSSS SSS : 

SSSSSSSSSESSSSSSSSSSSSSSS SS SSS SSS FES Fo SSNS SASL Bs SAAMI OR OP TAUATNONOD 9WUMI NOW OF J AAMT NON DO SMUNINOND 

eee ee ee nee AU UAIUUS UNM MM AAO MN TIT TPIT ITT NNNONONLINN OD LO £000 OOK D CHDODOOOOOPOOSOCT S| 

SSS 8 eee ea ds 555 O9 SSOTDSSSISSTSSSSSISSIISSI
SSISSS SIISSSSSSS SSYSSISSSSS SSSSSSSSSSSSS SSSSSs9 pease 

eS UR SODS SUV OST 9S SSIS VSINIVOIISS VIOIIS SSSTSOssssssys 
QSsssssessss 

BXBOSSODPVSTSVIIESS VS SOSOPSPOY9SIOVESE BVT SVLIUVSsSVsssesooseossa 

—— 



ruro a 
erDuZzdew 
OorF90 LF 

aroqrouw<t 
ae <3 0 

"BARNA AHRAR RAMA SERHA BRAT HRMER EATER H ENA EDEHHEHEHER EAN NKE CER E EH 

CASUALTY REPORT" 

"CUMMAND 68 

= = 
* s 
= = 
* s 
7 * 
= bad 
= eal 
5 = 

ee * * 
os * * 

=so = * 
worse = = ed 
weODw » =< = 
@o rar = = 

we = z ad 
> Nw | hd 
2” rw * = 
<2Q9 . 3 ” bad 
ZIwrew » a * 
tor * z * 

2rZ202 bad = * 
oownD = = * 
rw w * = * 
MW * Oo bad 

Laer ae = = oz 
DwWo>< * cs 
Oreo = sn 
ee = rz * 

2 u«<« 2 -O # 
Z22w dD = “— & 
HHO = ue 

xo: = o< 
wus o Zz 2 

QJaracle jit 2 
-aeazw iat 

wn <a * 
Dw = he x 
Om as eB = ew 
-weryrn # - 2D ba 

xz wee 2 - CO *# 
Nexo = x zee 
- OFtreao ® OD z= w 
AM~eI<dZ 2 CFC -r Re EF 
i ee ORD) Oe 
tO, Oe tS ist Se OS 
we ZZwr #£ SD YF 
349395 ® 2 2b 2 
<a=z4MNO 8 « = * w 

S5=rn * = ao 2 OG 
ZMOURI RB = rt — i pe 
aaquw vw ®F# 9D QN 828 « 
ZU M>4O 28 LO EX BF V 
See ara oS =u 2 
DWoO-wWuIt o> 
YuaIrCin « ) 3 
ae) = - 

at +44 2 Ax 8 
HAIER 4D 
Granada 2 p>? a 
Ror Dusteo -Y % of 

ma fe x © 
zoS . 3 
® ue an 
2 6S ee 
Sa + Zz 
2 < zn <a 
2 E # =f 
a = RB = 
it) Set el 
x O = 

stzssF = = = = 

CREATE 2 INITIAL SWARMS nae 

"SEOHEKEHAHHORRERHHKERAHAAHO HRA ERA CERRO N OREO KHHEN KER KRAMER KEKE RRA 

* 

NE HOUR FRUM ALL ETA’S ane 

rane 

NUNOISCIDDS= TS 
wae *€r2222-N 
wn Oxxexrxeo 
sooner Bn 

KatanZZ errr Oe 
HNN KENZZZZN«X 
RN YS tri 

=a—-np enn 

2Z222222222222222222222 222222222222 2222 0 Heiden 
EE tt et Et tt et et eh te te eet FOO aqaaq ftnyx 

ARRIVED IN TRE MAJUR CITY IN SECTION"A 

SS 
oS 
ene] 
ory 

p43 
S 3s22 ~ 37> 
“M ANww ms OF 
Wo weerr «a Mx 
A MeR—-— ~— 

w 2” 
Z Z22-— @& ah 

wy wus w = ral 

ba a Se ot °) 
- Keene 

a aatie aw 
—-SSSew nn SII 
wTFeemdvatana— 

= Anne eS SO 

Qa atynaqanNnuona=e @tOdt= 
Re Ree er eer he hr OZ Ze Za VUE Ue 

VESTRKOYED THE MAJOR CITY IN SECTION"A 

EVALUATED" 

JUN HAS bEEN 

AWUD*(RNDRAF1L)) L(A) 

tee ADD ONE UNIT TO TIME wee 

=< 
= 
es 
Ss 
~ 
Oo 
—) 
a 
n« 

« 
z 

* ow 

* = 
x ox 
= ait 

=a == 
xo rn 
=<m™ a 
=z arm 
nS Bet) 

a PD +t oe 
=r =< Ss 
see VOSS oma 3S 
z Cor = oS 

a rFsr om Oo 6 sT 
ws MWwIM.O TO FT 
-™ Meme ee 
<N-2Z227t*3Seaun Zw 
Desa NFM TOO WT 
xewre ITC € e eHusare 

zu 22230 - 
ee aooCsarxrru On 
FAD AAA —~Z BIA 
#v2vvvV--- «© —~v 
Srn0-Z 224 F200 
Mwai t+ BA<ONNN5 

-_- ~~ 8 ee <qyvy~--se Sees 

WODN4 4 nROWIZ OOO DZ OZ Or Oa 2 OO RNa 
Ite eed et oe de MEET + addest yr adaaa 

VELL err ererrrrerr recy KEKE L Yer yey ry aa eo _— SO OU ae SO eS OF TO OW WI a Oe 
ARBAAANADAAAAAAAAGAAAAAILAA AAAAAARIAAAAAAAAAYN FH MAHA D hay My 4 pe 9 i DO tt MOS SO Or et UII FN ET we 

(SSSSIVIOUSSSSSESSSSIVISISILISIS SSPMSESSSSISSSISSSSISSLSSSIISSSSEIYASS SPSVSSSSPSSFIPVSSSSPSSVISSANSSSISISISSSPSSISSSEISSSSSSSSSSS 
DBPS$UMTIN OK DA SHUMINO~ LFS AVUMTNO~ OFS HUM IN GK OF SVHAUMIN OX DF SAUNT N O~ ODFSAUMNI NOK DF SHUMINOK DPV $—VUMINO- OF Sm UMIMNL 
FR SVVSPVIESOP VG Hh 4M UU UY UU PA AI ST TSF TTI ITI IT NNNINN NNN NNO D000 00008 PPP DOC DDONOOVOO oe FO Po 
Ba Tg Ya Sind Mind Ve ad Lal Cael el Land Sal Ll dh eh Dah Cah Sh Da a a LN DD Dal lt Dal Ll Lal ih Dal Dae Dh lt Minh La Wh La Da La PD La al Ld Sa La Ye La Lk ca ah Neh ah Land, dh Lik See Da ll a La ek a i Li La Li ll Dat on La ed Sad al 
SSVCSSSSSOSSSSSSlSSSSOYVS STVPSOYUSIPSNIVISS SS PSSVSNP SVS PVSGSS PSP POS SSHSIYSSESSSESSOSSSTP EDV SSP SO SSSSESIVSEOSVPSIVIVSENSTDSISSSVS 

wets 

"HERBRARHRAAHARTAHRRA RA ER ER RAR RRA RRR EERA NRHA ERE RRAK ERE R OHM HH ANKE REE 

ETA REPORT" 

"CUMMAND 28 sszrre 

ee 
| PAE ae be dy dp ae Ap ie de ay ae ap ae diy Ae 2 AP Be Mae OF AP OP LE SF AG IY Se EE LP AY AP PG 

NR tt et tt ttt wt ttt 

= 
= ft. = = 
wt A = =Mz € 
wows = = > SF uw 

<r Wr WIZ read 
NlivrDizt OF<IV4E 
WEDwWEdHs -TOZ Z 
MOTD X> ETOOS 
DoDdDIZeasuWO VUoI= 

za OO SrrUrY Dre 
wo F2uxe -e WOD2 
reo30 wD Dereear ww 
-rZ0Or<d-O4uoOwWwrdEmM + 
et ee D> Xdede >a 

Zz Cwowe O>dzt Dr 
WwEtw >a jO>Or 
ITNOr Ow Ow oOr?00 
x30 ruenz< ws 

we OF <« uwtin<aZz 
-OwW =x Ww EVUMZ —- Hw 
Der OT ADU 
oO ze 2 z5 Zow 
ror XFYRrOO SO Fa2a 

Qe ZauTtw >wWo >Zzx 
Zraemte Wer 22>_A 
ews ZOr 2d aie 
er Tite WO et EZOMw 
uZzo <x ENYIFO wer 

So wO fF 7000 wwe 
ea © e2nHOZ2*UNID 

Oe. e-a5W <w @ 
BIZNesr— DO «IT wu 
O<or2 0 r<n nxrIr 
rFERZOIEFY ODrw2--r 

RereenOwr nx +O = 
Natioxre> Ne eT ID--w 
Ww wat DZ VUrduU «= 
434° sta TXOHWOTZS 
QO YHOewur T«urOu 
aqayue -— wt n 

3a De m- ~TOOdITw 
RadVETOZN Murat -x 
Zeno aw CO> Wet 
aq eOr ree EF wat LZ 
=ZBxr Z -eOosFtE dd w# 
Eat orZzZusj0F 962790 
Drearrovuo 4 rroawt 
Dae -2> FO EO 
za were Sr WY 

Ne 22r0080> XY 2504 
ee Wal oe a Or Fe QZ 
E£NDITrTANS Hoar 2 
Hwa ser E* CHOWOWOW 

zeresrsezrrtzerersaze 

BATTLE PHASE OPTIONS" 

xrrriree 
aaaaaa 

"BERHRRHRHRHKE REN AHE DAKAR AOA RARHOHARREPESAHEAMHARHK EHH R AMHR E KEN RHEE" 

BATTLE PHASE OPTIONS" 

"COMMAND 33 

= 
es. sero 
2 @ezwouwr ©£<cO 
amedor £0m F=f 

ze 

eEore eunrzyerE s= 
wWwaetw O MNEnoYr 3 e 
uwdterteZudew < of 
we Fd ere Te Oui os 
mom zOTru D0 
2a nz 

SwMnvr= Dp) wo 

Yu Ora 

Le Ot i Se el 
= 3<D5rz raz w OC 
na Mm LDV ZOZM53ErU 

Zr wi w2nr >Oux< Z20r 
tft DWreMrws 

Jt 20 £ 

oo Zee 

xz w 
= Wne-Owa 
w we « OOTrre du 
A <we Wr Ur z= Set 
< Ow Oo <x = Oud 
=x Ze @2row raura 

TN 
a 

<5 Fst 

MATION IT NEEOS 
ewowZ2z2 D ZY Z2ewWwEZO =r 
<aDxr-OWw xrOwnmo<cD04u2 fF 
FIODOewm wu rr O4AU HZ0 
4 ew Fr rOdurr- NHIAZ-+O 
OFF OO FFA FES WD O- & 
90003 wr = ue NOLT >iumz 
OWWwWeZl OOroOod = wre<twr 

SAI NHDdtwrs 
QOz2xZuaeE BOUT E 

- xr -aOu 
jv 3 

Sou &TrstO wwaz7 
we aan 

Ulbecee <2 wx EZOIr OM 
ecoousYuses EF +t 

Lor Oorer 
O2 2WHFTZ As,_xKXoua 

ws Du trxe w oatorr 

Leer Acar wt 
x 

=EZIODRAeN IT erst 

TS > a} 
Xr O2ZMNI4zZ«KU> dtd 
FwOxkt JFOuwr 

2 FEwreoxya cant 

WwEt FTOOOdesi> > +r 
BANNAN NOT LZ2Z2E BOMKMS 

ae 220u 
i=) 

wo a 

wOxeEe FOQU>wWwWd> D 
So woad awa -3Nn |O 

rUrwr<t OFZ XP 
xr NS Bids 
U>OCW><atwir Deu we 
<4224rF0T6T4A090uU 41 N 
wWwstOEA Fre OVONrAd 

Srzrz s=ezrsezrerezrzrszre 

263 

5 
8 
iD 
iT 
8 
8 

2 HOURS" 

EXPLANATIONS" 

SHEET EE HH PT HT HF EDIFEEDT SESE HEP HE EEO OHEFOEESEE HSH HEE HEE HOOHE SESE Se Hee en 

owD 
rr 

ce 
OMONE 

BEE COCKTAIL» 

RICAN FO 

INEE ET eRoy AM 

8 
e 
8 
e 
8 
6 
8 
a 
6 
& 

a 
6 
8 
is 
8 
8 
8 
e *PHASE ONES" 

seztzezte 

ee ee ed oe od oe need onl a a aoe onl oes oe nO oon onl onl en oe on on oe ee eee 
ZGZZ2Z22ZZAZZZAZZVZAZ7Z!ZZZZZZAZ]Y? Z2VSLZZZ™*SZAVSZASZAVSZSAZAZAZSZZZZZZAZZZZZZZZZZ 

Pht kt Eh et at td ted Pt Ed Bt Oh OO EB a tt Fok hk 0d 8 Od PE oa bt DT -GP FOF EDAD EDS O48 P-E—FP-SP—8 8-89-88 PS PED -ED-OD-ED-—ED—D b-—8 + -CP-SE—-E-SD-O8-OE-4 

eRe er errr errxeerreeuerrey XY LLL LLY Lee eer eer err ree eer ere reer err ryY CLK L eC Kee rere eee eer rere rere eree 
tTAgnoaaranmoanagaaaanarAaarazaaraaaagagranaaanraaAanaaagaanagangaaaaangnagacaaraga aaanaadganaanae@aanaacadcaadaaananaanaangnaannaaaaanna 

5 HOURS" 

Peceeeesecesecorgeeezassvecae!l 

T J 

QUEEN VAL . yee 
i 

MAK 

ROJECT GUEEN® KeOAT ive Guay 

L i b § 

PHTET HEHE HEHE TIF E SETH SETHE HOH HOH OEE OOH HEHE DHHEEEDESEEESEEHOESEHEE EHH EOE" POG ePePF ea eBFefe®seeeoeg 

HARACTERTSTICS* 

N E A b 

NPPEREEFOEHO LETHE HEHEHE TE SEDO EE HESEOHO EOE EEEEHESEEOEOHESEOESES+OESHEOREGOON "aPHASE TWO = este =seerereste 

SSSESSSSSSSVVMSSOSSSIDIS SS BP FSSSSISSSPSSS SSESIYSVSSSNSEVSESNVISSSISSSYSISSY S9SSI9SSS 99 99339598 89S 8S 2999399239999988S 
SAAN TNO~ DHS UNF NOX DF SAW IN ODF VAM TN OED FIAUM IN OK DF IOM-UMNINONDSD PUM TNO DES -UMIN OF DFID “UM IMNOFDOFS—VWM FN OF DO 
EDS S QVDO De th tt wt FU I PU UI ED ENS PT PITTI ITT NINN NNN NNN Oo CODD 09D 00 OP PP OOD ODODMOVMOS CHOCO 

Rh eh FR Fk Oh wh eS hd EO tt Rd hk kt hh eh tt Ed EE 8 a et td he Ot Ot dd wd ot me oto tetetes 
| SQSS SEVIS VTVSVOE VSSDT PISS SSVUPSTSISOCBSDS SPSS PO SPEP9VESPTOTD SVE VHS SIPSSS SOIYSPYS VS VS QPSSESOCOS TS YS VS SOSSseeseevesess Dd 



= e 

s oa 
a Po) 
iad - 
- oa 

< a = 
= = ww 

z = ws = 
Qa = e = - 5 
~ « Oo - <= e 

Lane a wi < Q 
uo tad - oO tab = 
ws =< = a wo Fe e e 
wn = a = Zz _ a Zz 

z > ws al wd = + 
2 oO us a ve) o ve) 4 
_ - La - a - i<j} 

= e =a = - < 
a iS) < z (=) <x 
vy wb oO o z - 
w an o z eA o xz 

< > s z “ - z =< 
= z oOo ry - x “ - 
z w ~ zy w a us =] a Vo) 
i=) o o D ua a a 
onl Qo S = or w ws 
- Sy w 2 = 3 x z w 
uo om 27 u Oo = - fd 2 < 
aw 2 2 = fs ” Zz at 
n a o = iv) <- a 

xr ww - 2 jo) wn” = = a 
2 n o eo w = =a a w 
- mM = - x > Co 

rs} a nm Oo a - Cl (rr) 
=] wn =) oO rey et) Pe n 
wi <x =] -w an oo a z 
Ld x j=) sos nN < ad a a ev} 
xr a x ~ a x a = n re 
=] wn uw a - <x > aw 
a zs oa = ve at rn e=- a = 
CY Wee i Saece) S > - + s sa Nu = zs 2 

sexrnme 3S Ww Ss - =32 TERE 8 x H ad _ + SW rtOOssssgogeZz i=] io 3 iJ Ss Ss o 
~ sess D2 usto BIS nas x3SmM3 ie ™ OD FIMP NGA MN ~ aa} oo n a oe 
rn Oo UO 2 —- HOM wor pa T+] wos 023 2 SMoorooocorno o ~ ~ a fog oo 
wr So 23W wo «aT «oO pe ae ra -rMo Oox Zu SS HO0fCf0O000r oO 0 o a o 

ad a =rmo ww IN omowu mom Ie & ZHt wk UZ =) Zz 
Zz => wor row Sox 7228 6 z az WwemMoO Iw “wz2z222222 ae 2 z Zz z w 
w xy TOM + oc PFROZEWA A erzarz ez erZZu OO 2 #-O FIWWWwWwWWO at wt rY) w us x 
xr ate iw S-OwrIa < MOWMW Moat FUWrTT M—DIZze oO Ze3XIrirrerite x x x x x |? 
= ZO 22 ND wre r - PNB a wre ot ru AZ ee ee ee eS -<— mom em = aa) — 

mn —w bud wo r2 Oo HD worezre te wore . wore b@ wet Ee wit +0 < 8 e o6 t e 2 
SS SALIWSAIDS Onw snssuangd «a a7300 BMD ZOnDd SMAMFZSMAD Hees zserser>D MoS 8 Ir9e-s eo-8. Fm sosvson se 
BFOOVE CHV TD AUN eA TOV OITVUEN OCONTTO OK YFHAICDHD Odvs aAOdvTrAACACHDIDYUIOZD AXCD © ACYVID ACD OD A OtH FF DA 
ARZIAR +-IAR DT OCOTMF aagatrawm A FestTARe VFLAM*¢AHe A FIOOK €ITADOY =AS SPSS PTPHFanDF KEATS TPES Fan FOKA Ce 
Nt MENS MN OPM O28F | AMMO & AeMNMNLE VMAS &+aAINMTNAde o MACKS VOR HR WB HB NICAHOVODINIONOUIN 0-09 HHONONUIAVUOD 
- Ff were Be DS Se ABST FT Ke AK HB FF ARSB sr AE~H RAB FH ZHHEO SOOO £-B 8 eR 8 RYH SB eNO Me FZ KZ 

| han aend ae el ee Se on, SE ol oll ot ee ee a a ee Et te aoe qe4d@+it «ae adreE <eaxr Ed et < 

WOY Cub TOL.sUTOSZWTe VWWOWOwWre uw OO Te WOW Ta a WOM Duk Fu MOU re ZW tee eOwu~OM-OwWu ~O-OWl ~OOUm ~OMCwWL OWL — 
AO OH HID ZOO 9419 OD HOHE DVE IE ADE OD LAMO4HE SE SHOOT MO eter (9 ID ND TAI FI F5 OK F405 9K FN erg) 

VBASSPVSSSISFYISISISISPSS POVSIVS PVPASTVSESVOESSIV SSS SSISSSSPYSS8SSS SSSSSISPSSSSOSSSISSSESSPVSSIVSIPISSVSPSIVSSSOESS SSSSess 9sesgesss 
NOKDESAUMIMNON DRS MUM NOY OF QVHAUM TNO DF SAUMINOL OAS <UNTNOK DE VAUMNIN OF ODF SUMING DF QVAUMITNO- DE SAUMTN OF DFO 
PRORH DVSEDVS © BPO OO Hh eh sh st 9 APU US UO CU PIMPS TIS SPI I IT NNN NN OOO 0DS COCO REPRE CODD GO OODOCOCe 
WIUNIININ OOOO DOOD DOD DODDOD ODD ODD OD DOHDOO GOGO OGOOODOODOO OOODOODGOODOOBDOO GOS OGOHBOOBOONGOGHGBDOD OOOO OOBOOGODODODOOOD LOGS 
QVM SVSESSSPSSVISPSVS § VSEF9NS 53 SOSPTS SPVBSESSVSPS ISS SYSSSSYSIVESS VSPTSESPS VS SHSSPSOSSSS SS OSOSSSSEPSSSSYsesSoossesS SSSOses sogssoesss 

= 

° 
4 

° 
° 
. 

= 
i=) 
+ = 
I & 

=o < x 
re = =u 

= za as 
= on fo) we 

- = = 4 oe = _ sw = 
o * a = - = 92235 

* <= <« Ww tw “ o 2 aw 
= = = = > xr ‘ab tis 
. = Zz z i=) <u uw w rave 

Qa a i=} x x = ar Orot 
wi = “ ~ - [4 oO Zz € = 3 
> ax - aa wn € ov we Lead an ie) uu 
Oo Pa oO uo ww na WwW ul eae a 
x =z wad Ww Qa or] oO > Mul o 
a = ry ” n wor — <wW>o = 
Dn Es Ve} >a = 2 _ -rOt 2 
as a [=] Q ao o iy 4 i=} wt Vv Le va) 
=) ~_ las (= e tt 4 oe tab > jn -_ 

on ol [> | rao e oO ey oaret oO 
> wn — a a - Mast =z x <= wD = 
= sa < =< = wo =. - « i rN O e 
a Vv D ah al > a 3 uU St = watt 2 
=< Vv = r ar Oo ot <x uJ = oO Zue 2 
- 2 a a aw < z2 > cy - 23 >0 ~ 
ao n vu n n us ortu a we 2 4 =.= 
ot 2 me rae | n =) oa Oud 3 

n = an w wn wn  @ ww w TeHro ao 
n =< =< =< wo als 9 Coad = xr et —3e-6 ct = 
“4 = 2s x = - rot « = = u x =) ~ a 
c = oO = = = aia x =z a p> 2443 = =< 
=< = < =x <x <x -o * = = ra = w=zme J PS 
= = us = = = Tr—e z 2 o wd - « + « 
ae Zz z z re Sd rat < ao Qo Land x <anoo *« Q «2 
ro) r=) ay oO a jo) ” bP aur} | - — to = —~ee * ~~ #2 
— a - os — ms = <2ze ve) Low -—= = nan wn - uo 
— - - - los z0 zx Qo Va = <«c « «roo = Ss +h 
[S) uo i vo uo u “ 7) 1S] as odio ea] x Srukwe —_ _- > 
al a re 3 Su) Saud ety ee an wn Dr oy < Aus > a 2 Ox 
n no r o o7m — eo ro7T a ww” ‘os UO © Zz > <a =z Zz uU DOOWwW eS mn uo 

> 2 yw 3M mn mm - mn zr jaa o 33 2 (A | > 3 ao w a at — - -< 
z 27 ese7 VIZ + mazar + ez uo <ew my FOr moO w ~S x uz Ss 2 Ss 
-_ os wu Peet reno 3 Af Ss) Im n— - OUND « .- o~ ee Z2>on35 2 ysl Lod 

za Zz mnez z eG oe et ba) xr SOrad a zwsn2zo0 2> Zz 70 =< Wwai2zZe Zz -~ FT ora i= 

z= as oO 7FItwOZwst *® F2utu «x Tz vey moro 3 7zoZz Ow or Tt a+ =x BSS Se | =x ean a w 
ex NZ cero Murer oa z ~ - t. © Oo 22 =z “ =e D> w -—- Woo me - FWMs= 
at antw a 222>-urer<t OF FIeetr OO on 2a cates TKO <x uwhuzew mu - Wis an Ma € oe eS Fos a z 
z «<r QW mud Te = 2 2 cs at wz ot 2rnuU >rErraw te aD w-wTis oo - Suds ¢« = | Te ot ata 
no “ar auwrrre so ££ 2 395 = - rm =z % ze waueteTt oz — rues a rt Ww Su OF Oo 2 r= ur 

= rrr WZDA ~~“ W&A A” -—M) wa & _KD -oae = | = Saowzs <t eZ - 
uJ Fw «Oo WAV F&F OGTAVWVW &- ¢F+ as zx Q r*e<az cOre at at «Ce ap s rx O * = ut ad i=) 
rs-.re Fee V* Cont 2I9eo70K 290-30. 5 od = ZH SFtraA’IVORn BOD arA x= ££ & Sisal 5 S*« = LTITOSse -o 
Oma Sad BRB Rett MAM etree et MII IT OP = = ea ue veaAat Fad x wv - 3 srrrga Mex DBD = OES A 
2Qeaen nanan an a ee le a eo ad eet el Lad —-+t =— uD PF ren Ew HN FO anmN = =e EIS ow oor OG - eH 

Srwrn>ate-99t Sete deadde nm VIS Qeeqnowrdts oa BAdqesrs = BEdMd= VETEZHDC A2Aaayns- a Bader rtzts ~ = =pooy = a< 
ar a+ wnne OS Ht OO Ie aqamq ARE} + iv +8 Fee <I n a aqoveere - Hire A era 
mZOn 2D WOMNANAZ & teAnrZ r+ €O--002-—)- —rs222 20 S>IDEw ZA HOZZ ern Zze —s>O2222 20 2252000 22 
adeeeae- adatxrt Tr ait ee 2b eee KE OTM HHH EE Maid rrainst I 44x E SUM -tretH SSS fers -— rere 
row Fue Oe eee ea e~wOl tk FAW O~MMOL FSW BOR WUE TT OY OWSLEY MHOF FeO PO ewe TE TTA ae TOW Zen FOwerroe 
Da ON 1 MWUOE Z Or te tse rt I) LI 9 IOI DAO Fu SZ AAA Oars CGPUVAA >ZruUrsxe TAZ Trou GZzewaGaAaaAsraAIVAdewmHoOVTAocae 

2989S SS 3999909939509 9299 PIPSEVSPS PVOUSISEVGVPISSRIAVWSP SS O8YSSIPSEPIBPSIOSSVISPYSESRIOIPIVGS AIS VQVS§ $82 SOS SVOEVW9V899 SYSSSSIPSVSxeogdsgg 
OCS KHUMINOF DE VAUM FNP NDFVAUMIFNOP VOSA UMNTNOK DE SAMI N OF DP QWAUMINOK- OFS KHUMANOKDIPS KUM ABNOK DAS HOUMTFNOKDSH Saeunsn 
OOPS SS DVSPOVOVD Da wt TIO FE OU NI NI PIII PTI ITI UMN NMinnno O00 DOO DO ORR RRR DODODOODODOTATA ASH 
nonnse SPIaAtesesessc99zg9 99 997 399 FIIVIVFIIIII IAI IVWIIIIIIIIIIIIIIIIIIAIV II IIIA IVIIAIII I IIIIVIIIIIIIIW III IIIIIIIIVIIIIIFITTF 
DODD VO VVPSOSO OP SSCS SOVS VSMC VS SOVSPIVSOSOSSVIVIVIWES VOIP VSPSODS9 SSVSYPSIISDV IPSVUPSSESIS SVOVSYVOVS BVO SCISSSTVSSSS SOVSOVISsSSISOsoss 

264 



x 
=) 

=< => 
= <= 
2 = = 
oO = 
Lead Ww z 
~= cx Oo 

= ee oO - “ 
= oO a — 
3 as wn = = z eo = 
in > = oO = ow = n =) = w « n = = 
n x oy > oO a z = “ 
w os > & = 4 rw z i=) <r = 
v n a Oo ® «& aw oO > - -_ nd oS 
2 a wa cw = Ww * Oo « - ze za « 
” =) - +> &— Mm HK * 2 <) x = eet < wz [ooh * 

Ce Oe ee - WwW ‘ er wa Z = > a re _ “ « 
n a fol ge C my Br OS) = <) =< - Q 2 3 —" —-Zax * 
< o ow o oO wu s ‘ ax«<« ws = - ¢ e Voz « 
= i ae SS vu w oO - 2.3 _ a2 uw Ja ae Ze * 
= 9 = eS a> wo ey zn t a a < < w o> 8 re NHOZ « 
=< Lae Sind a eS ee w 2 wv zs > - t a Or<« * 
= “~ x 2) xD 2 a rr ec < no) “< Zur « 
z - * 3 Pe ey po 2 eh cS) vo aw 2 3 = =) > w ox ANIL * 
° ae ¥"“s (“OQ) dia Ww ee = we > =r<zt ws YU uo Oo esse < wo « 
- < nes qe ae«a Dor a xro < xreere«<« < = «90 Dua moan = « 
- wou O ee Cee 0 3 vo =x ut = ane > =z 2Z20# a aw ut - = 
u ps Soo) AD ae &. 2 a =) z Lee eS wt a 3 ae —~r XY os ex *« 
wh a Ol yet Se Oo r= =z 2a n ” *a © wh - Oo > OCEWMr «Oo * 
n Dy Q« a= mM ea a Orr = aw ote =z r=} 2 we ozs +Oor 4 Cae * 

+ w ra eR Zz . - HnE a Ia at oO e wz x<« a zw mazes ad * 
= no ew A 2 w v wa fo) -auZz xB 2 Oe OP uot — 9.99 ze own -x * 
—« aos . rt) et xX eee vo a>-2 - OD or an aa #235 —x 2 4 « 

se crm CEL Ie = ne) x Uv «ant o- oe or) ES Le = ie: 3 = as >+ we2- o> . 
w za - it eg iS he re ae 4 4 x Hn wt WwW Dr < -O -— Zw ran «wood are * 

& n a < aes wo wt ny aa — arntau at ew «< Ue Sou 3 wr al zr<€ *#xrZ—U pepe) * 
iz Van ea ae w wo =) “ fw DS Rs a ee er 2 —x WO> 2 Zu oat ma aa * 
wt = SD: oS Ss Sn D JD 2 2 J> S>- Sex” FJ "Oo Aw X O 3 BND DXS SZoxr 2 JO. « 

Ss us uwa Ssecs- 4 —~ 2 & (=) a e200 aS a4 5 OF HESMr Ru eax Qv0H0 rnu<« >” * 
x2 uo ase > Arewev a Hr Fad xX DX FX Fu X RX a) nm rsod NN ate Vrer> re « 
3S 27 nx w oR NAR te OU <q 2W pw RFOTaw 2 qu <a ww Oorrr 22 aun o Fuad eWFZU acs * 
o bal =) ~ $6 he Se he Zz wt = - HOUF 2m uw vw UO OC Wr = woe crow mZaw S> wu < * 

ZA = = cays x<«o 2 90 a 7 ey ae A aa aS w z G Zan FD CU GD wig) Conn J ee 
ee ae wa = = Z22wZ2w ow = on] u BS ai wwouw TZ a pe geen rege 3 Zw=z er tH Mm 2D =< S>w2Z4 ne « 
ww Ow > Ca RTO PG oN tre re he = = I>x2 Lmtd wz ww D «<< 2wreZ ul beak fend weazr Sa waa oo ee 
z= xr = wt Oo 2i-te-HFe SoS ei «a < 2 Yew FHODSe x mH -—- Sw wreOsSa =f DO ws x or SIVEE uv Oo *# 
e—7DeF x oka DH ay =! n n Rr ca oS Sai - BROW BE cw Oo 4 S30” 39 ~ * 

r a « - — are > SY * < Ad ArwM=z 28 a> anu oo > wt Gaeret c >w uw wruo tne * 
S Dow z9¢« VU SSVPVISTSVVS- SASS Se WAAMWARAMNO W AD SEVIS ODISTHtvu >" Otro a AUP > Ss-or Seoo « 
Oo ef IrA POK AY HWAHRAHMNDDSDACDIO>—OK B4AZIAOOIIDI Vw NIADDVIVONOIN wUdDAt DADE“ avriavws ~Or2-9O”n De uw « 
DerAaen at WHIARAARRKHVOFHTUIAIW+ TF MAZADVAIOMM doar NOUPFOTHIZID WOK AIUt NOW aAOeOsS +2224 ast Nai 
L2S3Ns fms MN =z aaaqqqre meme ne m= mm ee. ve woz aaqoetz Memmi me Ms oat st we SrrvUsSSIOSataderse VemMacztrzsrwEem ce = 
«Zn wH ae ll a ane atte eteeteetietll alll aa ol oe el REE AE rR ee RR OPE OTP ohh ree 

BQ FRZNnZ0 222 2M >>¥dD02Z 9202029250 2223225002222 DWHZOZZOZOZO2Z2 OZ ¥ P22 DE ZDZAZ Zn nn FO SZ SOM ZZZZAANMO 2252 
a ee 2 ee a) is a lcm aula Laesten LaemiemLauhen te Geet? Sie on Len!) Woo Ce Ll Be th oe ht th me HO her addaaad et ee be tte tt 

Owe Ye VOW Yr ZuwuuwOY OrOoOTOroYr~Ow rye XY Zar ZurxrrYX ZunxVyOrrororodo7oruu rer Zuer2rrrveenrn ok TIE ww OO Tr rw ~OWTIXeY 
DEHN PNOG 9H AD rete (9 9 9D DA > OAD OO 4A OOO PO OD 2 9090 OO HHO A HHA AA AOMNWOOUE Aa awrr OUR AA x¥YYYAAeO 

BSS SSSSSSOCOMSSSIS SES SSPSSESESOSS SSS SSSESSSSS GSSSSTSIYSSPS SSS SSSSYSTIYIISISFSSSSVS SSP PSSSSSSOVSSsSsSS SP8sSssS SVss95sgss 
IN O~ DF FAHVUMI NOD FLAUATAN GR BES AVAIN GH BDF VAHUNI NO~ GF SAUM ING DAF SAUMNF NOK DF SAUMIN ODP SHUN INO” OF CHUM INO DIDQAV 
FIST POE SSS SSS B9E 9 SH Ht SH ANU UU UUM MAM IMIS TIT SISTA TIAN NNN ODDO L OODD OPER ERRNO DODOLODODTCS 
OOOO COR MERE ER EE ERR RRR RRR TERR ER RRR RE RRR RRR RRR EER REPRE RRR ER ERE RRR RE REE REE EEE RRR ERR EE EEE EE REE 
TUTBIUVTSSSTSTISS SPS VL VSSTVISOOVSS SSOSSBVPVSS SPS SDP SSTDPV IPSS PS PVSS VS SONS TP SOSSYYVSSTPIUSOSS DSESSSVSSCIV SPSS SSPSsV“se Sosssssses 

3 

& 
e = 
© e 
t e 
iy ry 
i] iy 
6 a 
) & 
a iy 
8 t) 
' a = 

‘ 
8 8 @ 
i] i] - 
8 8 - 
r t~ < 
a te = 2 
e =z tn « = 
8 ~ ener = = = n = 5 
i] rnd t 8 -s<----~N * Zz = e =o - « [s) 
[ed m 6 a 3 as m= UW >D= < « 
._~“N New sine =. = Kee w rOe F b eae oO 
r 5 od 8 } _- « > we 2 ro w - * z 
& a & = - oe oOo w fa) * Cad 
‘~~ < Cf = ts 4 « id z wo <« 2 £ ry 
& - a m t . 5 | . = Ue wo wiz e-Oz = 2 aD 
J ~ = - Lf * o ©r2 z <Su 20 ai « 
® 7 - ~ 8 ar ae « er ee > Ww KrET oO fF — «* > 
e “~~ a " 6 4 4 4 * 33 rer we i won = 
ty —aA <= < = i] 1 0! ] ] Rad —2006~C«teel CU ro Fe > rule = <= 
Y €s < = - Ze . A « <r wO Vv udu OU O n-* n wi 
ne) = = loa oO +6 q 4 4 * =r >a n Ove w <« ice z = « 
to - a ) _ ~ 6 fee ee * - O©r w < =) mw zi 3 a a 
i eo Sed —- = - 6 } ] + « we w2 © Tr zen a D« x oo uw =< 
i, Seed - -- =< 08 4 « TA -w ke > Orn 2 was 5 eet - 
Ce a a a ae } -~ des re * <a Zoe sass —~ Ww >Or eS < 2) 
‘x < aqa<ts7etxise + = ~ wJ2F 2 Ds +O” =: a « =) 2 ad 
1a : -@-f- -O 8 ———° « -w OO - ee «mw 2 <= -+Zz« a v = 
te > CoS Co | , ] } = <= Pad -ae 34M Ww =D UD Z w <= < 
a2z—<_ ~ ow —-2z 8 . . = = - > ao aD D2. <w « « on > = 
1 SS —- Oe Sere 6 4 4 4 4 = * wet Os Ww GO OewW F => Ore ~ < as z 
® a @a<«aavrn a Saar ear ees ex * = «<r > Dae OOW OC ZO Hux = o 
‘a < =< -« o wO 8 4 4 + xo = wae wd we A> Qaw 2 OF De aa o ~ 
6 Zre were HA eordtnstZz 6 iF ] : 1 « 5| «a ad x= er Ow Qa wh oe «ex So Zz - 
a DB ARORA eee US t) ] at = Ca ae f= > ee asad xr -O Yaz wa _ uv 
Cree tte URKNMUE Dee 8 cana ase ex * <9 «2 «3S xrI>z Ow 1 What iss w 
6 <4 eee er tt + Xe mx « a2 33 + < Nas ret nwo <2 « Ae B wn” 

sss t BDE--PMHHHALAA BO 1 + ] 2 an oa = SIs we wor >a =n =« Se is) > 
Valabend @reaa aqaaqaaaaa aes 6 4 fo al om ar * ARFNOGD >a >Ne Qxx x NQI*S Paes “mm 2 
Ss a = Sa Sass Roa . +--+ tus «S MIN OWN) =e Zam, <= HO KD a o Dee OD +s 
ininin ‘ S saess9 ow =m nin =z ©2 £2 «x0 ze = aN nm in 

1 Po ConumMsanorr st 6 — Tt rare oO wD =>’ mn <N*N w - < = 
Z22z Or = ve MMmmmPns mss 8 < = <n ZwZwwo nw worn <a>O 7) =u =x = 4a 
wiutiws = = = F InN ANINUNINNMININM~. 8 - z* sw OTworrw we wre = Oo w Zz «z on Ze wz w < 
crx °-¢ = #2 too nn ~ 3d 1 vey GO «2 wrereew wow < zzws Zw CGC mw - Se eg (0 
eer=e fF FF FF PTNORMVVVVOUOUMOMM 48 s+ eu Ke D Ow o-= cow Db — ee < — Ww eer 

es es 8 8@ © @evezyvzzz2z2z2z2z2Z~-2—~ 18 * - «£6 DO wt wo az “— > - x oO - wo - 
TPRHOIRORHOHS3 PO DH Dees HH OHO 6 O« Q *F Sttw Sw SwAd S&2 3S Sw SU « Ss Oo < —OSSsaws 
AAALOAOAOIOKI 1A4INAIHHNHNNNNNINA< 1 Den va & - BHRBUHT OLTZOrVvV= O < O OL Ow «= Dae nw XT VWDANID 
RRA SBVOVvOeVSY 8 De 2990909D5D5D595>es5rr- 6 FN NAS PARR HR RRR ROO OR RE ORD KE Te MMdA ANIA Ss 
<AIANANANANACSE a= = — mm = mM = = SAM NKaMKaMdMde ete Mes N= KE t Nere M= NMErMNeTraAdt MH =E = <aeyapncm 
ee a a i nd ed ll cl el el el add ada al a - ed at ae a a To eens al aol el a cect zl cet cool eee ae ll lad Sealed seem aed aa a 
9MNn O OO OO F2222222222222Z222222 ZO zzz 52a NxewowzZOZZOZ >ZZOZZZOZOZZOZZZQr O 22Z2DN2Z25N>Z2000zZ0 

te bh te eet etd oe tg te te Eeeresas: br Ser i eet Db Det tO 

bea nWOwOWOWOWWE Y Fee rrrrerrrreyr VOW FEZ Ye HOU’ Or TOU ur tO TOT OT TOV Trew MOWTEYZTZeTOVnorTrS 
arses 509 50 S09 KD JZNAABARAAAAAATDAAAAD 10 | oo cevscmcccsesccsmoo A OY EAA MASI Hoesen OHA ACO 1 AWAGAON 90240 BAXKZDITAdOA+O rei O90 

898989998 99S99999999S8 9993 99999 8995S VPYO9PVsYSV9IPSP OS SASSI OSSSOS PSPSESESSSSS VVSSS9SSVS 9SVVI OVSVS 9 PPIXOIIVSSss3995N33 
OK DODS-UMNIN OOF OAUMTN OF DF O@UM FTN ODE OAMUM INO DF DUM INO DF VMUMTIN OF DAS “UMPNO~ OF 9—UM TNO OF O—-UMFNO-OTS<ams 
PREPS VS VO POS O|O $0 6 hh hth UMS FU EU UTED TOP TS PIP FI ITI IINMNNMNNNINNND 00 DOOD 0 OSPR PPE COD HOODOOVPS Re 

SRVOVSVOSSOSlSYS OPPS S9 SPSKSHRSIVOOSOST SOSVSSSSSSPO STV PFOESSOVISSTOS 9 SYS VEDIO |S POPISLSSSFSS PSSST PYTVYISSSVVSSSsssss2eosgH 

265 



MPELATEL LASUALTI1IES" 

bee 

ove 
"CCA)"CASUALIITES KEPURTEL" 

NU 

THEM 

T4964 

ej 
THEN &4bd 

ous ®StCrluatay 
T 

ete 
oid 
oa40 

= mz > 
* xe 
* nS we 
* rez 
* ra 
* xOrt 
al = yl 
* rn 
* -< 
* Dz 

= bal < 

nn = = 
w 2 > 
~ . a o 
— o = ~ 
4 = = ne -_o 
< z al = > z rrxr- 
> Lo } a A> 4250) zrEw- 
Ar = . zu <«uU- 
ae » * 5 x Dv zo GF | zJ4 
O« J * w w - Dems 

« = = Ses ero a x ie 
zt > * wae e-ietraxr= 9 w 
a« = « xt <n22di ra 
+ s * bend aqgdoa JH = -u«ca 
it s « aw = nn < e 
js Ss = = JA NM — 8 VuI= . x32 
—« 3 =z 20t— wJEKUYrD> DM . 925 
zi* S 2) NIWA YS NS IT POw= ° Ja 
>_ «* » «a Favs IVNZZ-ZAIXeXIXS a» ore 
oe - eZ Od DX O40 DO>- 30 3 =x 
Se ~ aa —— 3DM7*2 aAMNIELAND— = ure 
se a Jat Sas 4 uw wer = rnz 
<* = ~~ Coo a AOR EK VO I OS a - 
S* = xD 4 DDOVOID <LUdwuVIODXY - n a= 
Se ed Slee ps VusuxrZ xxO2D = Zaw 
—€ =) ce Le OY re fos a aoa f aeare: z 5 OV3 
n* ab as Ne Z=AwDIIINGD DIN as = Zz =] 
7 - & e de <rrrwe 2wa~t < “ 59% 
ast 3 Lae 2 Ze OxTn1114597 Qo5 < 3 at vou 
~« Sh iS) —- noa Sh 1) = Dn ox Dd 
* a a « 2 Po ed hd ait a} * ais 
= * wa wl YN * CUR UMINS aqu24 2 > xz ive), 

= ¥/ «X SS ES) a S| Dada « « 2 So 
* Cae VIDtO 4 z N25 
- »f) n aa =e LINES oi = aaa 
“ —v wu Le pra > 2a0< roe n — z 

“A A 28 dub wZ0I0 <35 3 > =\2 
. 5 ol - oO« Sue =) wae 
* > => uh Je ~no ooo = | Ow < ) ey 

“2 4 PAD | - Tm INOrD Jt- DE a aa 
i an a> D> -+ wus Z < x Ju 
ae x In ae z2* CuUdt Z23 ye rn 
= * -a «av “ae 22 uw me Mod 
“ts < ~ OF x« <<a ae 4 “se =) vad 
oO se S a VVGTD ra bd rIMu4 
ae TF el = a x Se aw 
- ee sa aw a er fe Se 5 at 

Sve Se Set See Ser 39 Oe ) 
Nata 2D VI nae waedanweZzZz2zxrxrcxyryrrryyYyrree ~ -_> 
Snax es See az VF GIM= CYWwWwWwvwuksa eo m Cs | 
Dez-naad sz ors st fat 5 rzrexaneererereerrerrerreeexz ~T EE B= NN NN NVNNNNS@s na) geez 
-eayv ve +e ed ce el eel le ol ool el el ee ed ed ee een ee ee ee ee 

OzZ—Or 4290232 FD 2222222222222 Z727ZZZ7AZZ2ZZZZ2Z7ZO ZZDK7WHDCE OOH we XAZZZz~ZOZZ2Z2zZzzZZ 
—— To! DL at tt ttt et teeth Eero th bh bh Et tt be te ee 

QeEe@u dO TVWVA SSE UeKrKy_reerererKeKeerrreerrrerrerryrrowrrZv~ardadaeeaa eee ovrry7TrIVrrTry,ex2 

Maan 7540 HAs MFAAAAAAAAAADAAAAAAABAAAAAROTMAAmOMETFSCTELETTETMAAwaAIVIaaraary 

SYSLSS VSG SQIGIYS VIS YVSSVMIPFPSVIVSIFSEISIYIIVSS PSSSILSVWS PSPSBSISIISSCBIVSSSISYVSISISES23 
UNF NOM DPF THU NO DFBRMHMVUMNIN OF DF QHUM IND DFV—-VUNTIN OOF DV UM INO DOT S—-UMIN ~~ OF 
BDV VS DG 3 9 I I UI AAI NT VFIIVIIFIIIINONNOMN MNWMMNNN O00 000 OC 00 
ZHDVL AD AOD OD ODO OOD ODD OGODMOD OOTOVDO AL OOD DOD ODD MDVD DD DOD DOVTC DOOD ODD0OO DODO OD Da 

SO S33 

266 



Another new game from Creative Computing.... 

EUCHRE 
by Victor Raybaud 
113 Larzelere 
Central Michigan University 
Mt. Pleasant, MI 48858 

et tt tt kt tt at et PE Nt td edd ed et tat at bt tt td ad tt Dt att mt Pd nd ed at Dd ed tt ed nd Dt dt tt 

222222222222 2222222 

Language: BASIC (Univae 1106) 

Description: This game pits the user against the 
computer in a card game called Euchre. See the 
program for instructions. (Note: if you haven't played 
or even heard of Euchre before, they may be a little 
hard to understand.) 

EUCHRE uses several functions which may not be 
familiar to you. They are: 
INP- Takes the INteger Part of a number. Same as 

INT in most BASICs. 

MOD- MOD(X,Y) returns the value of X Mod Y. For 

example, 154 Mod 100 is 54, 299 Mod 100 is 
99, 12 Mod 100 is 12, and -20 Mod 100 is 80. 

CAT!- Concatenates two strings (‘‘adds”’ them). 

Notice also that Univac 1106 Basic permits any 
statement to follow an IF...THEN. Have “fun” 
converting this to your BASIC if it doesn’t have this 
feature! Also remember that the strings are string 
vectors, so Z$(I) refers to a whole group of characters 

(and not the Ith character in a string, as in HP 

BASIC). 

EUCHRE1 (to the left) contains instructions for 
playing the game. 

EUCHRE2 (below and following two pages) is the 

game itself. The third page over contains part of a 

CTYRE BUCHRE? 
0100 REM THIS PROGRAM WRITTEN BY 

00200 REM VICTOR Je RAYBAUD 
00300 REM CMU SENIOR 

0000 REM ERLE S INSTRUCTIONS TO EUCHRE FOR TW : ie) 10} 
00600 PRINT 
00700 PRINT 
00800 PRINT 
00900 PRINT *THIS IS THE GAME OF _TWO-HANDED EUCHRE. '* 
01000 PRINT *00 YOU NEED INSTRUCTIONS? "3 
01100 INPUT AS 
01200 IF AS="YES* OR AS="Y" THEN 1700 
013500 IF AS=*NO* OR AS='"N* THEN 9400 
§t388 BBINT "PLEASE INPUT YES OR NO-?® 

1000 
01700 PRINT 
91800 PRINT 
01960 PRINT *THIS IS THE GAME OF TWO-HANDED EUCHRE+ THE OBJECT OF* 
02000 PRINT "THE GAME IS TO GET 10 POINTS. AFTER EACH HAND_ONE OF* 
8g108 aa he "US WILL GET 1*2*°30 OR 4 POINTS* DEPENDING ON THE OUT~-'* 
2200 PRINT "COME OF EACH HAND.?® 

96308 PRINT 
2400 PRINT *THE DECK CONSISTS OF 24 CARDS» THE RANK FROM LOW TO? 

02500 BRINT "HIGH IS 9*#10°JeQeKeAe IF THAT SUIT 19 TRUMP (EITHER? 
02600 PRINT Sey Se DIAMONDS? HEARTS? OR SPADES) THEN THE ORDER IS 
02700 PRINT *9r109QeKeArdede FIRS IS THE LEFT BOWER (JACK ? 
02800 PRINT *OF SAME COLOR BUT DIFFERENT SUIT) AND THE SECOND J IS'* 
Adtitg as Ni "THE RIGHT BOWER (JACK OF THE SUIT CALLED TRUMP)-* 

03100 PRINT *PLAY OF GAME PROCEEDS AS FOLLOWS: * 
03200. PRINT 
03300 PRINT *1) EACH PERSON IS DEALT 12 CARDS IN THE FOLLOWING! 
03400 PRINT * MANNER~» FOUR ei FACE DOWNe FOUR CARDS FACE UP® 
03500 PRINT * (ONE ON TOP_OF EACH OF THE FACE DOWN CARDS) ANDO? 
03600 PRINT ° FOUR CARDS IN _ YOUR HAND. LAYOUT OF THE CARDS ARE® 
03700 PRINT ° IN THE FOLLOWING FORMAT:* 
03800 PRINT 
03900 PRINT TAB(10)*"U U U vw? 
04000 PRINT 
04100 PRINT TAB(10)e"* * * ¥*° 
04200 PRINT TAB(10)°"C C C C! 
DASOOPPRINETAD (tas se=s—s—ewases 0 
04400 PRINT TAB(10)°"C C C C! 
feet PRINTERUAB OL ODIs ee + oe? 
4600 PRINT 

04700 PRINT TAB(10)°*¥Y Y Y Y! 
04800 PRINT *WHERE® 
04900 PRINT ! ta canke FACE DOWN? 
05000 PRINT * C = CARDS FACE UP*® 
05100 PRINT ° Y - CARDS IN YOUR HAND (UNSEEN BY ME)® 
g2¢00 as a y U - CARDS IN MY HAND (UNSEEN BY YOU)* 

0 RIN 
05400 PRINT "CARDS ABOVE DOTTED LINE ARE MINE* BELOW DOTTED LINE* 
05500 PRINT *ARE_YOURSe FACE DOWN CARDS ARE REVEALED ONCE THE ONE?* 
pone oe uy "ON TOP OF IT HAS BEEN PLAYED-® 

05800 PRINT *2) THE PERSON WHO ne DEAL _HAS THE CHOICE OF? 
92388 ER } A GAL ING A_ SUIT TRUMP QB ere Ch a eh PASSER. 

v 3 E DEALER GETS UCK WITH CALLING TRUMP.! 
06100 PRINT ° TNEUT CCRC Wee Oe DIAMONDS? H = HEARTS+ S —?* 
06200 PRINT * SPADESe P = PASS- 
06500 PRINT 
06400 PRINT *3) THE PERSON WHO DIDN**T DEAL LEADS WITH FIRST PLAY? 
06500 PRINT ° FOLLOW PLAY WITH SAME SUIT. IF_YOU DON**T HAVE? 
06600 PRINT 
06700 PRINT 
06800 PRINT 
06900 PRINT 
07000 PRINT 
07100 PRINT 
07200 PRINT 
07500 PRINT 
07400 PR 

PR 
P 

Pp 
P 
P 
P 
Pp 
Pp 
E 

P 
P 

Pp 
p 
p 
Pp 
Pp 
Pp 
P 

Cc 
2 

‘THAT SUIT THEN PLAY ANYTHINGe TRUMP TAKES ALLr? 
U EXCEPT HIGHER TRUMP.® sample run. 

°4) THE WINNER OF PLAY LEADS NEXT PLAYs CONTINUE PLAY? 
® OF HAND UNTIL ALL CARDS ARE EXHAUSTED. * EUCHRE2 

*5) INPUT CARD TO BE PLAYED BY THE FOLLOWING FORMAT;:'* 00100 REM THIS PROGRAM WRITTEN BY 
CARD RANK e¢ SUIT® 00200 REM VICTOR Je RAYBAUD 2 it @ RANK = Or10eJeQeKea’ 00300 REM CMU-SENIOR 

07500 PRINT * SUIT - CrDrHeS? 00400 REM CPS MAJOR 2-76 
% 00500 REM TITLE : EUCHRE FOR Two 

07600 PRINT * EXAMPLE: QeS QUEEN OF SPADES* 00600 DIM B(24) 623124) 6D (4) 6 G(24) »N( 12) #PS(12) 
07700 PRINT 00700 DIM KS(12) ¢L$(12) ¢Q(24) 6RBE(24) 6S(12) »US(12) 
07800 PRINT *6) WHOEVER CALLS TRUMP HAS AN OBLIGATION TO WIN AT? 00800 DIM V4) oW(4) E18) SF CB) 
07900 PRINT ° LEAST SEVEN TRICKSe IF NOT THEN HE IS EUCHRED.* 00900 RANDOMIZE 
08000 PRINT 01000 FOR I=1 To 24 
08100 PRINT *7) POINTS ARE ASSIGNED AS FOLLOWS:* 01100 READ B(I)*ZS(1) 
08200 PRINT * IF YOU CALL TRUMP YOU GET® 01200 NEXT I 
08300 PRINT ' 1 POINT. = IF YOU WIN AT LEAST 7 TRICKS! 01300 MAT G=ZER(24) REGAL: SelM = ARUP Bets afte 1 eee ‘ - YOU WIN ACL KS" 160 *WOULD YOU LIK >; 
BEPS CHINE xe (Go etoue fi CARL MHNUMhaSG GEHTS”, BLEBS Gaur AgNO TOU LIKE To DEAL FIRS: = 8 G$x="Y , xmrye 
08900 PRINT * 4 POINTS - IF YOU WIN ALL 12 TRICKS! 01900 IF AS=*ND? gh abe" SeTneH Beaon 

02000 PRINT. ¢P p ue 
09100 PRINT *8) DEALS ALTERNATE AT THE END OF EACH HAND+! Osieolcoto yo00 ne 
09200 PRINT 02200 LET wi=l 
09300 PRINT '9) MOST IMPORTANT - NO CHEATING !!!!!!!¢ 02300 LET w2=2 
09400 PRINT 02400 GOTO 2700 
09500 PRINT 02500 LET wi=2 
09600 CHAIN EUCHRE2 02000 LET Wael 
09700 EN 02700 FOR I=1 To 24 
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WULD YOU LIKE TO DEAL FIRST? 7? >NO 

I DEALT THE F@LLGWING CARDS? 

LAYGUT GF CARDS 

U U U U 

9c ioc 10H JD 
eee sen eae eee 

CARDS IN Y@UR HAND: 
19S QH 9H JS 

WIAT°’S TRUMP? 7 >P 
YU PASSED, S@ 1 SAY DIAM@NDS ARE TRUMP 

PLAY A CARD 7? >10,H 
1 PLAY KH 
MY TRICK 
TRICKSs ME 1 YOU 0 

LAYOUT 6F CARDS 

U U U U 

eee ae one 

9S as JH KC 

9¢ 1oc AH JD 
see eee one 

CARDS IN YOUR HAND: 
4as QH 9H JS 

I PLAY KC 
PLAY A GARD? >10,C 
MY TRICK 
TRICKS: ME 2 YOU 0 

LaYOUT @F GARDS 

U Uv U U 

eee oan 

9S as JH KS 
wrwe eee ee eee wom eet ene ewe ooo = 

9¢ KD AH JD 
ooo eee 

CARDS IN Y@UR HAND: 
10S QH 9H Js 

I PLaY as 
PLAY A CARD? »>10,S 
MY TRICK 
TRICKS: ME 3 YOU Q@ 

LAYOUT @F CARDS 

U U U U 

9S 10D JH KS 

9c KD AH JD 
eee eee 

CARDS IN Y@UR HAND: 
H 9H Js 

I PLAY KS 
PLAY A CARD? >A,S 
RULE MO. 9 ---- MO CHEATING! 1!!! 
YOU DON°T HAVE THAT CARD! 
PLAY A CARD 7? >J,D 
FULE N@. 9 ----- N@ CHEATINGI III! 
RULE N@. 3 ----- FOLLOW PLAY WITH SAME SUIT. 
YOU CAN FOLLOW SUIT!!! 
PLAY A CARD 2 >J,S 
MY TRICK 
TRICKS: ME 4 YOU 6 

LAYOUT @F CARDS 

U U U U 

one 

9S 10D JH 

9C KD AH JD 
aoe “a8 

CARDS IM Y@UR HAND: 
GH 9H 

I PLAY 95 
PLAY A CARD? >K,D 
YBUR TRICK 
TRICKS: ME 4 YSU 1 

LAYOUT @F CARDS 

U 1U U U 

Jc 10D JH 

9G AH JD 
oe ee 

CARDS IN YOUR HAND: 
QH 9H 

PLAY A GARD 7? >J,D 
I PLAY 9D 
YOUR TRICK 
TRICKS: ME 4 Y@U 2 

LAY@UT OF CARDS 

U U U 

Jc 10D JH 

9¢ AH ac 

CARDS IN Y8UR HAND: 
a 9H 

PLAY A CARD ? »>Q,C 
I PLay JC 
YOUR TRICK 
TRICKS: ME 4 YSU 3 

LAYOUT OF CARDS 

CARDS IN Y@UR HAND: 
a 9H 

PLAY A GARD ? >Q,H 
I PLAY 10D 
MY TRICK 
TRICKS: ME S YOU 3 

LAY@UT @F CARDS 

U U U 

CARDS IN Y@®UR HAND: 
FA 

I PLAY AS 
PLAY A CARD? >9,C 
MY TRICK 
TRICKS: ME 6 Y@U 3 

LAYOUT @F CARDS 

U U 

CARDS IN YOUR HAND: 
SH 

I PLAY QD 
PLAY A CARD? >9,H 
MY TRICK 
TRICKS8 ME 7 YOU 3 

LAY@UT @F CARDS 

Nd CARDS IN Y@UR HAND 

I PLAY AD 
PLAY A CARD? >A,H 
Mf TRICK 
TRICKS: ME 8 YOU 3 

270 



Another new game from Creative Computing... . 

DAYTONA 500 
TOO Ken eeARG ALE "DAYTONA 500" kek ee 

OR 110 REM UY GEOFFREY CHURCHI LL ee 
120 Evite aR AGEORGIA STATE UNIVERSITY &k 4% 
130 ‘RE, 

A SYNCHRONOUS SIMULATION ee HEM pane IS HOY OUR RND IS INITI AIZED 
DU K=KNOC=- 

MODEL OF VEHICULAR 109 DIA E(1442) 486) 4G(6),Q(6) ,R(6, 2) (6) .T(6) HCO) 

COMPETITION WITH STOCHASTIC PO eee ee ee 
DECREMENTATION OF THE ie ae yo YOU NEED INSTRUCTIONS (1=YES)"3 

0) NPUL YI 
. COMPETITIVE UNIVERSE 210 [E Yi<>l THEN 290 

220 PRINT "4OXSEPONER AFFECTS SPEED AND TIRE MILEAGE: MAY BE 350 To 700." 
; 230 PHINT “LIWE COMPOUND AFFECTS THEM [00. SELECT "s 

Geoffrey Churchill 240 PRINT "SOFIC1) ,AEDIUM(2),0R HARD(3) ." 
; . : 290 PXINT "SOFT COMPOUNDS GO FASTER BUT WEAR OUT SOONER." 

Georgia State University 250 PHINT "YOUR DIVING STYLE AFFECTS SPEED AND RISK. YOU MAY CHOOSE" 
270 PRINT “ORIVING STYLE PREACHER (1),B ANKER (2) yPROFESSOR (3) »" 

, 230 PXINT "OIL WILDC ATTER(4),T AXI DRIVER(5),0R BITW(6)." 
No, I’m not really that pompous, but won’t it 290 PRINT "INPUT LIKE 400,3,6" : 

i ’ 300 E(1,1)=1 look fantastic on my resume? Needless to say, PM 375 E95) 21 8,5 
betting the Dean doesn’t read this. If | didn’t need — 320 ver Fic(ci)=(c1+2)*2+4C1-3 
a nice-looking article on the list, I’d just call it 335 Meese: ro 6 
the Daytona 500 Game. Sen ne hi, eee eS TIRES, STYLE"$ 

Anyway, if you’re a frustrated hotshoe driver, = 3/0 sci=iil | Lae 
iniseoamesis tor -you.2i Is set-up for Six-COM= 336 Sidiscrascacesoe Seine ria8) 

i Wo-mij i 4 = 490 ee EXPECTED wl LES/TANK petitors on a 2'%-mile track, but if you’re over. Ph Aes Sater eet 

ioaded with core and cpu time it would be easy = 42) wes SxrecreD wILES/SET oF TIRES 

to modify for a full field of cars. N-person com- #29 %(Clsl=200st loose) -H17100 
puter games have been hard for me to find, which = 4» Aye ee 
is why | wrote it; I’ve had fun with it. 41) 22=G(CIFENZCS) 

To get an edge in figuring your strategy, you pat spiel 2) pao 
should be aware of the expressions on lines 380 = 222 <I=or) | 
to 430 and on line 540. | have never tried to figure = 325 Gosus avin ee 
it exactly (where would the fun be?), but it seems 33) er ko poout sss TSLOSGINDEO) 403) noe FPP 008 NO CRASHE 
a winning strategy requires maximum horsepower — >:v <!=c! 

. . . . . ' 50) GOSUB 201uU 
and the stickiest tires; pit stops just don’t seem = 570 sexr ci 
to cost that much. I’d say the game needed new *29 <!2!° 
parameters if it weren’t for the fact that NASCAR 9 vv susus 200 ; ‘ 

610 PxINT “ic Gece FLAG IS OUT, AND THERE THEY GO!" 
racing seems to operate just about that way. 620 GuSUb 3010 

Driving style does present a clear dilemma. In °°) jf Elzis EIEN lyse 
this game, preachers just don’t win except through 620 Ir El</ ficu 1u00 

attrition. On the other hand, the driver who is al- 67 PRIM Meat FET ICLEI=6) 1M PITTED AFTER"3E272.53"L eS" 
ways “belly to the wall” is going to be in conten- ° eae 
tion while he lasts. With a mean distance to crash = eo ren=riciy+(e2-v(c1 751 
of 550 miles, he even has an apparent statistical 339 OT Sy ice sre mecy (o<Noy"s 
chance of survival. Since the distribution is almost /30 Iwul vi 
exponential, however, it is not awfully likely that = 750 eatr “tardy Tives,sTYLe"s 
he’ll even reach the mean (the mean of the ex- [9 Hirul Liao! 
ponential is dragged upward by the few who go on = /s2 3(C1)=7 Sun (3504. 5811) -F14S1 

A F 4 4 790 G(C1)=300-1 004111 7350 
forever; the mode is a hair above zero). Again, if so (C1, 1) =2004T1 =245 1 -H1 7100 
you know a better way, the statements you’re look- 83) poPee om os is cor GAS "3 
ing for are on lines 540 and 4010. B30 E2=Ed40C1 )+FIIZCS) 

| tried to write this in as minimal a BASIC as 239 [i yiei fe ro 
possible. The only system supplied functions used  %°9 {fF _Dtcl) tl oca(cl 42) THEN 900 

3880 PRINT “ AiD TIkeS" are RND, ABS, LOG, SQR, INT, and COS. Our NEA Ea Ns ay 
RND is a bit strange, so you may need a different = s00 puri aor 
initialization (e.g. RANDOM) than that found on line. 755 [bf )95)752 THEN 930 
150. The program also uses GOSUBS and state- B40 S1= (S142 WS (Y1)) 73600 

. viet, C =1 

ment functions. 950 PRINT "Cat #"3FHCCCI)$"WAS IN THE PITS"3INT(S1*36000)/7103"SECONDS" 
igi j 960 EI=Cl The game was originally written for a WANG 370 eet c5/2%5e05)4265 

3300 configuration that is notoriously intolerant of 950 Sosus 2010 
large programs (with about 4K available to store 273 S2f?,229., 

it’ 1OlO0 PRINT "CAt #"$FNCCEI)$"HAS CRASHED /i"3E23"MILES" and execute the program, it’s understandable). That Peo Bee aCe Te taie cae Ae oe dl ; 
version did not allow any change in strategy, which 1050 ky=ky-) 
decreases the level of interest somewhat. A dis- [029 [F Kes! HEN 1000 
cussion with Dave Ahl at the CCUC in Fort Worth 1000 exinr "AL THE EARLY LEADERS HAVE CRASHED. CAR #"$FNC(7) WINS." 

led to the present version, which is much more {ovo ss-1000 
fun. | may even try to GominissOnenonto the WANG oe ree see ey 1180 
(it currently is on a Univac Spectra 70/7). 1110 Q(C1)=S(C1) #ENZ(2) 

271 



38)0 

3010 
3020 
3030 

3040 

3030 
3050 
3070 
400) 
4010 
4020 

4030 
4040 
4050 
4060 
4070 

4030 
4090 
4190 
4110 
+129 

4130 
4140 

+199 
4150 

5 U0 

RUN 

Ml=TCC1 4062-0001) 7Q(C1) 
If Tl>S3 THEN 1160 
o3=11 

C2=Cl 
NEXT Cl 
PRINT 

PRINT 

PRINT "JT" ZE23"41ILES, CAR #"3FNC(C2)3"IS LEADING.” 
FOR Cl=1 To 6 
IF S(C1)<= 0 THEN 1290 
LI=E2=(D(C1) -O(C KR) *(TCCI)-S3) ) 
IF T(C1l)>S3 THEN 1270 
J(C1)=0(C1) +Q( CI) *(S3=T(C1)) 
[(C1)=S3 
L1=E2-D(Cl) 
IF Cl=C2 THEN “1290 
PRINT "CAR #"$FNC(CI)$ "TRAILS BY" sINT(10%L1)/103 "MILES" 
NEXT Ct 
PRINT “LEADERS AVERAGE SPEED IS"5E2/T(C2) 3"MPH" 
E2=E2+50 
IF E2<=500 THEN 1360 
PRINT “THE DRIVER OF CAR #"$3FNC(C2)3"IS THE NEW3 
PRINT “ DAYTONA 500 CHAMPION AV"3500/T(C?) 3"MPHI™ 

GOTO 5000 
J -SHISUL 2010 

GOTO 620 
RE ~GOSUB TO STORE NEW EVENTS 
FoR 1=1 To 14 
IF E2<=E(1,2) 
NEXT I 
PRINT "Daw!" 
GoTO 5000 
FOR J=14 [oO I+] 

E(J,1)=E(J-1,1) 

THEN 2060 

STEP =1 

} ECS ¢2)=ECJ-1,2) 
NEXT J 

aE. GUSUb TO RETRIEVE NEXT EVENT 
EI=E(1,1) 
e2=E(1,2) 
FOL T=] ro 13 

e(I,1)=ECI+1,1) 
(1 ,2)=e(1+1,2) 

KE = GUSUB TO CH/NGE CR “SH MILEAGE 
31=(-10004 75%51) KLOGCRND(O) )+.5 
e0R T=! To 14 
IF EC(I,1)=Cl 
NEXT I 
Pll HD aay! 

SOLO 5000 

el=Cl 

E2=1AL((9(C1) 75900) *E( 1,2) + ( (500-D(C1)) 7500) *S1) 
IF £2>0(C1)+I THEN 4110 
E2=D(C1)+INTC1O* (Rk ND (CO) +1) 

Tiizi! 4070 

FOX Jal TO 13 
EQ ID=ECI#T, 1) 
EC, 2)=E (J+), 2) 
Nedi J 
GOSUS 2019 
RETURN 

EN) 

WELCOME LO LHE DAYTONA 500, 
bO YU 
IWPULr 
CAR # 
Cla # 
CAR # 
CAR # 
CAR # 
CAR # 

THE GR 

AT 50 
CAR # 
CAR # 
CAR # 
CA # 
Ch # 
LE /DER 
CAR # 

NEED INSTRUCTIONS (1=YES)?0 
LIKE 400,3,6 
7 HP, LITRES, STYLE?700,3,6 
15 HP, FIRES, SLYLE?700,2,6 
25 HP, TIRES, STYLE?700,1,6 
37 HIP, TIRES, STYLE?700,3,6 
51 HP, TIRES, STYLE? 700,2,6 
67 iP, TIRES, STYLE?/00,1,6 
EEN FLAG IS OUT, AND THERE THEY Go! 

MILES, C/Rk # 7 IS LEADING. 
15 VRAILS BY 1 MILES 
25 TRAILS BY 1.3 MILES 
37 TRAILS BY 1.5 MILES 
51 TRAILS BY .7 MILES 
67 TRAILS BY 1.4 MILES 
“S AVERAGE SPEED IS 192.699 MPH 
51 HA PITTED AFTER 37 LAPS 

CHANGE STK ATEGY (O=NO)20 
PIT STOP IS FOR GAS 
CAR # 
CR # 
CHANGE 
PIL SToP IS FOR GAS 

CAR # 
CAR # 
CH ANGE 

51 WAS IN THE PITS 15.7 SECONDS 
67 f14S5 PITIED AFTER 39 LAPS 
STR ATEGY (O=NO)?20 

AND TIRES 

67 WAS IN THE PITS 19.9 SECONDS 
(HAS PTITED “AR LER 39° TAPS 
STRATEGY (0=NO)?0 

PIT SToP IS FOR GAS 
CAR # 

AL 190 
CR # 

CAR # 

CAR # 

Chr # 

CAM # 
LE /DER 
CAR # 

CHANGE 

7 WAS IN THE PILS 11.8 SECONDS 

MILES, CAR # 15 IS LE DING. 
i SERALLS BY <5 MILES 
25 TRAILS BY 1.2 MILES 
37 TRAILS BY 1.5 MILES 
51 TRAILS BY .7 MILES 
67 TRAILS BY 1.9 MILES 
“7S IMERAGE SPEED IS 189.738 MPH 
37 HAS PITTED AFTER 40 LAS 
ST ATEGY (O=NOQ)?0 

PIC SfUP 1S FOR GAS 
Cink # 

Chit # 
CH /NGe 

12.6 SECONDS 
LAPS 

37 WAS IN THE PITS 
15 HAS PITLED AFTER 41 
STRATEGY (0=NO) 720 
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PIL SroP IS FOR GAS 
CAR # 15 WA IN THE PITS 
CAR # 25 HAS PITTED AFTER 42 
CH/NSE STR ATEGY (O=N0) 20 
PIL STOP IS FOR GAS AND TIRES 

11.4 SECONDS 
LAS 

CAR # 25 WAS IN THE PITS 15.4 SECONDS 

AT 150 AILES, CAR # 15 IS LEADING. 
CAR #7 TRAILS BY .5S MILES 
CAR # 25 TRAILS BY 2 MILES 
CAX # 37 TRAILS BY 3 MILES 
CAR # 51 TRAILS BY .2 MILES 
CAR # 67 TRAILS BY 1.6 iILES 
LE /DER7S AVERAGE SPEED IS 189.301 MPH 
CA # 67 HAS CRASHED AT 164 MILES AND IS QUT OF THE RACE 
CAR # 7 HAS CRASHED AL 180 MILES AND IS QUT OF THE RACE 

AT 200 MILES, CAR # 15 
CAR # 25 TRAILS bY .7 
CAR # 37 TRAILS BY 2.3 MILES 
CA # 5I| TRAILS BY .1 MILES 
LE/DER“S AVERAGE SPEED IS 188.992 MPH 
Cfk # 37 HA PITTED AFTER 80 LAS 
CHANGE Sin ATEGY (0=NO)?20 
PIL SToP (S For Gs 
CA # 37 WAS IN THE PITS 13.7 SECONDS 
CAR # 15 HAS PITTED AFTER 31 LAS 
CH /NGE STRATEGY (O=N0) 20 
PIC STOP IS FOR. GAS 
CA #15 #A Lad THE PITS 20.4 SECONDS 
CAR # 51 HAS PITIED AFTER 383 LAPS 
CH ANGE STR ATEGY (O=NO)?20 
PIT SsforP IS FOR GésS 
CAéAt # 51 WAS Li THE PITS 14.3 SECONDS 
Cét # 25 HAH PITTED AFTER 84 LAS 
CHANGE ST ATEGY (0=NO)20 
PIT STOP IS FoR G/S AND TIRES 

IS LEADING. 
MILES 

CAR # 25 WAS IN THE PITS 14.4 SECONDS 

aT 250 MILES, CAR # 15 IS LEADING. 
CA # 25 TRAILS BY .9 MILES 
CAR # 3/7 TRAILS BY 3.2 HWILES 
Can # 51 TRAILS BY .5 MILES 
LEADER?S AVERAGE SPEED IS 183.447 MPH 
CAR # 37 HAS PITTED AFLER 119 LAPS 
CH4NGE STR ATEGY (O=NU)?1 
INPUL TIRES,STYLE?1,6 
PIf£ SfurP IS FOR GAS AND TIRES 

CAR # 37 AAS IN FHE PITS 20 SECONDS 

AY 300 4ILES, CAR # 15 
CA # 25 TRAILS BY 1.2 
CAR # 37 TRAILS BY 4.1 MILES 
Ct # 51 TRAILS BY 7 MILES 
LE /DER’S AVERAGE SPEED IS 188.543 MPH 
CAR # 25 HAS PITIED AFTER 122 LAPS 
CHANGE STRATEGY (O=NO)?1 
[WPULr TIRKES,STYLE2?3,6 
PIT STOP IS For GAS 

IS LEADING. 
MILES 

AND TIRES 

CAR # 25 WAS IN THE PITS 29 SECONDS 
CA #51 HAS PITPED AFTER 123 Las 
CHANGE ST ATEGY (O=NO)?1 
INPUL TIRES,STYLE?1,6 
PIT stop IS FOR GAS AND TIRES 

CA #51 WA Til tHE PITS 19.7 SECONDS 
CAR # 15 HAS PITTED AFTER 124 LAPS 
CHANGE ST APEGY (O=NQ)?1 
IWPUL TIRES,STYLE?71,5 
PIT sY¥or IS FOR G4)” AND TIRES 

CAR # 15 WAS IN THE PITS 24.8 SECONDS 

AT 350 MILES, CéR # 15 IS LEADING. 
CA # 25 TRAILS BY 2.6 MILES 
CM # 37 TRAILS BY 3.5 AILES 
CAR #51 TRAILS BY .6 AILES 
LE /Den?S AVERAGE SPEED IS 186.32 MPH 

AT 400 MILES, CAR # 15 
CA # 25 [RAILS BY 4 iAILES 

IS LE /DING. 

CéAk # 37 TRAILS BY 5.2 AILES 
CAR # 51 TRAILS BY 1.1 MILES 
LE DER“S /VERAGE SPEED IS 168.808 APH 

AL 450 wILES, CAR # 15 IS LEADING. 
CAd # 25 TR/ILS BY 2.9 MILES 
CAR # 37 TRAILS BY 4.2 MILES 
CAd_ # 51 TRAILS BY O ADLES 
LE /DER“S AVERAGE SPEED IS 188.719 MPH 
CAR # 51 HAS CRASHED AL 461 MILES AND IS OUT OF THE RACE 
CAt # 15 HAS PITTED AFIER 190 LAS 
CH/NGE STRATEGY (0=N0)?20 
PIT SToP IS FOR GéS AND TIRES 

CAR #15 WAS IN THE PILS 
CAR # 37 HAS PITTED AFTER 
CHANGE STRATEGY (O=NO)?20 
PIT STuP IS FOR GAS AND TIRES 

15.7 SECONDS 
190 LAS 

CAR # 37 WAS IN THE PITS 17.4 SECONDS 

Ar 500 MILES, CA # 15 IS LEADING. 
CAR # 25 TRAILS BY 1.28 AILES 
Cf # 37 TRALLS BY 4.7 MILES 
LEADER’S AVER AGE SPEED IS 188,525 MPH 
THE DRIVER OF Cm # 15 
MPH! 

IS THE NEW DAYTONA 500 CHAMPION AT 188.525 
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Sophisticated 
Electronic 
Pocket 
Calculators: 
Theory and 
Practice for 
the Consumer 
and User 

Edward R. Tufte* 

Here are nine principles to help the consumer and 
user of sophisticated pocket calculators. These prin- 
ciples are general, applying to most all calculators (at 
least those that have a reasonable number of keyboard 
operations—say 40 or more). 

| have no personal interest, direct or indirect, in any 
of the calculators or their parent companies discussed 
here. Among the calculators | have purchased, three 
were pretty good and two were lemons. Among those 
borrowed, the good-to-lemon ration has also run about 
3 to 2. At any rate, this review is an independent per- 
sonal evaluation, reflecting solely my experiences and 
prejudices. 

GENERAL PRINCIPLE 1: The half-life of calculator 
prices is about 18 months. |n other words, today’s price 
will be cut by at least 50% within the next 18 months. 
The Texas Instruments SR-51, for example, was adver- 
tised at $224.95 in the March, 1975 issue of Scientific 
American. |n February, 1977 the same machine sells for 
$65 at discount shops. General Principle 1 has several 
consequences: 

Don’t buy a calculator when it first comes on the 
market, unless you really like it. Consider if you 
had bought the SR-51 at $225 two years ago. Since 
it is now selling at $65, you would have paid $160 to 
rent that machine for two years plus have to forego 
other uses of the $225 for the whole period. 
Buy at a discount. There is a lively, fast-moving 
market in calculators and the short half-life of 
prices encourages big discounts. Discounts of a 
minimum of 20% from the list price are available. 

The nominal price given by the manufacturer in the 
glossy advertisements is pretty much fantasy. By 
the way, the guarantee on the calculator is with the 

“Edward R. Tufte is Professor of Public Affairs at Princeton University. 
His books include Data Analysis for Politics and Policy and Elections 
and Economics. 
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manufacturer and so there are no advantages to 
local servicing because there is no local servicing 
(Sam’s Camera and Calculator Shop can’t fix an 
HP-65 programmable, magnetic-strip read/write 
calculator). 

GENERAL PRINCIPLE 2: The breakdown rate of 
pocket electronic calculators is too high. What 
evidence | have indicates that substantial numbers of 
calculators die within the first year of operation— 
perhaps one-third of all machines. There is too much of 
a throw-away mentality prevailing in the industry. 
Hewlett-Packard has the best reputation for reliable 
calculators (which may account for their relatively high 
cost). 

GENERAL PRINCIPLE 3: Calculators will continue to 
improve at the rate of the past few years. A new genera- 
tion has passed about every six years in the develop- 
ment of computational devices. On average, each new 
generation has increased speed by tenfold, memory 
capacity twentyfold, decreased component cost ten- 
fold, and system cost at least two fold. Rapid progress 
continues. Now 16,000 bits of binary storage are 
available on a 1/32-inch square—just what you’ve 
always wanted. The rate of improvement means that 
today’s machine will be replaced by something twice as 
good at half the price next year. It also means that 
calculators should be rapidly depreciated on your in- 
come tax. 

GENERAL PRINCIPLE 4: Computational technology 
has completely overrun input-output technology. The 
great limits on calculators for any sort of serious work 
are the inability to monitor past inputs, and the single 
read-out register. We have a 19th-century printing 
technology that cannot cope with a 21st-century com- 
putational technology. 



GENERAL PRINCIPLE 5: Printing is worth it. The 
great tragedy of the HP-65, and $800 programmable 
wonder-machine, is that it shows you only one number 
at a time, often only one time. For what most of us do 
with calculators, we want to see a lot of numbers a lot 
of times. Printing, even though expensive, is worth it. | 
would buy a much less computationally fancy machine 
in order to have one of those little Mickey Mouse 
printers now available. 

The philosophy behind most calculators today is one 
that was commonly found in computer centers some 
years back: the point of the machine is to do lots of fan- 
cy computing in order to come up with an answer con- 
sisting of a single number. Such doctrine, however is 
not consistent with the development of good home 
calculating. 

GENERAL PRINCIPLE 6: Sophisticated pocket calcu- 
lators, particularly the programmable kind, are like 
these phonograph records that purport to teach foreign 
languages (Learn Swedish in 8 Hours); that is, they are 
purchased with all kinds of good intentions to really 
make use of them and change one’s life, they are used 
once or twice, and then they sit on the shelf months on 
end just making one feel guilty. Programmable calcula- 
tors with 224 steps and read/write options are nifty but 
expensive; make sure there is at least one chance in ten 
that you will use the programmable part of the package 
after you buy such a machine. Machines that print, 
rather than those that are programmable, are much 
more likely to be useful. (Programmable calculators can 
even cram into their little memories a multiple regres- 
sion program for three variables. Terribly ingenious, but 

not useful for any serious analysis, it is like Dr. Samuel 
Johnson’s dog that could walk on its hind legs: “‘It is 
not done well, but you are surprised to find it done at 
all.’’) 

GENERAL PRINCIPLE 7: Instruction manuals vary 
- tremendously in quality; and they usually have errors in 
them. Sometimes instruction manuals for calculators 
appear to have been written originally in some language 
other than English—and both the author and translator 
had something more important to do that day than pro- 
duce the manual. Hewlett-Packard manuals are easily 
the best; those from Texas Instruments are pretty good, 
but uneven; and manuals from other companies are a 
real risk. | recommend looking at the instruction 
manual before buying any brand except HP and TI. 

GENERAL PRINCIPLE 8: Ca/culators are designed by 
engineers and business people for engineers and 
business people. Calculator manufacturers believe that 
their market is found among people in business and 
engineering. Machines are not designed to handle pro- 
blems of data analysis and simple statistical work; data 
files are hard to manage; statistical manipulations are 
hard to perform. 

GENERAL PRINCIPLE 9: By any sort of long-term 
perspective, the small sophisticated electronic pocket 
calculator is a miracle. No telling what is good for, but it 
is still a miracle. For a few hundred dollars, | have as 
much computational power on my desk now as there 
was in most major university computing centers 15 or 
20 years ago. If | only knew what to do with it. @ 

DATA PROCESSING DEFINITIONS 

ASSUMED DECIMAL POINT. Located two positions to 

the right of a programmer's current salary in estimating his 

own worth. 

BIT. The increment by which programmers slowly go mad. 

CHAINING. A method of attaching programmers to desks 

to speed up output. 

CHECKPOINT. The location from which a programmer 

draws his salary. 

COMMON LANGUAGE. The first thing a programmer 

must forget in order to be successful. 

CORE STORAGE. A receptacle for the center section of 

apples. 

COUNTER. A device over which martinis are served. 

ERROR. What someone else has made when he disagrees 

with your computer output. 

MY NEW COMMUNICATION 
DEVICE 1S ALMOST 
READY TO TEST.’ 

OKAY RAYMOND, 
TAKE THIS CAN ACROSS 

THE ROOM AND SPEAK 
LOUDLY INTO IT. 

EXTERNAL STORAGE. Wastebasket. 

FIXED WORD LENGTH. Four-letter words used by 

programmers in a state of confusion. 

FLOATING CONTROL. A characteristic exhibited when 

you have to go to the restroom but can’t leave the computer. 

FLOATING POINT. The absolute limit before floating 

control is lost. 

FLOW CHART. A graphic representation of the fastest 

route to the restroom. 

INPUT. Food, whiskey, beer, aspirin, etc. 

MACRO. The last half of an expression of surprise: 

“Holy Macro.” 

MEMORY DUMP. Amnesia. 

PROGRAMMER. Red-eyed, mumbling mammal capable of 

conversing with inanimate objects. 
—Modern Data 

‘LL BET THEY RE 
QUAKING IN THEIR 
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Mattel Auto Race 
Sliding control steers car (bright 

light blip) to avoid hitting computer- 
controlled oncoming cars (dimmer 
light blips). At end of lap, car will begin 
new lap. Gear-shift controls speed. 

Simulated engine sounds become 
louder as speed increases. Elapsed 
time shown. On collision, beep sounds 
and your Car is pushed back a space or 
two. Complete the 4 laps in 99 seconds 
or less, you win and a pulsating beep 
is emitted. If you fail to do so, clock 
stops at 99; constant beep is heard. 
Beige plastic case 1x3x5 in. Uses one 

9-volt battery. Retail range, $20 to $25. 

MATTEL ELECTRORUCS: 

Mattel Football 
You control running back (bright 

light blip) through the computer- 
controlled defensive tacklers (dimmer 
light blips). If running back hits a 
tackler, asimulated whistle sounds. ST 
(status) key shows new down, yard 
line and no. of yards for first down. SC 
(score) key reveals both teams’ scores 
and time remaining. On scoring, you 
hear the “victory charge.” K (kick) key 
is used for punting and field goals. 
Game time is 10 min. Pro 1/Pro 2 
switch allows you to choose average 
or expert opposition. 

Beige plastic case, 1x3x5 in. Uses 
one 9-volt battery. Retail range, $30 to 
$35. 
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‘(undoubtedly incomplete) of some of 

control may not be up to snuff — one 

and were generally lots of fun! DHA 

As anyone who has visited a depart- 
ment store or read a. mail-order 
catalog recently knows, recreation 
and leisure-time options are rapidly 
expanding. One little corner of this 
market, perhaps the fastest-growing 
single segment, incorporates solid- 
state electronics into video games, 
stand-alone games, and calculator 
variants. In the past Creative has taken 
some brief looks at video games 
(“Playing Pong to Win,” May/Jun 75; 
“Odyssey Video Games,” Nov/Dec 
76). Over the next several issues we'll 
be taking an in-depth look into the 
mysteries of a number of the new 
stand-alone games (see the article on) 
Comp IV elsewhere in this, issue). 

For those of you interested in what's 
commercially available for gift-giving 
this holiday season, here is a roundup 

the new smart electronic games. The 
games are widely discounted, but not 
nearly to the extent of hand-held 
calculators. Also, we found some 
stores selling them at higher-than-list 
prices! A word of warning: quality 

of the games we obtained quit in the 
first 5 minutes. But most worked OK 

Mattel Missile Attack 
It’s you against the computer as you 

defend your city! The computer 
launches missiles aimed to destroy 
your city, and you launch anti-missile 
missiles to intercept and destroy the 
incoming barrage. The more you 
destroy, and the higher in the sky you 
do so, the more points you get. If you 
miscalculate and an attacking missile 
makes a direct hit on your city, the 
computer plays a mini rendition of 
“Taps”! 

Blue-grey plastic case, 1x3x5 in. 

Uses one 9-volt battery. Retail range, 
$20 to $25. 



Fidelity Electronics Chess Challenger 
The board is defined by numbers 

along the X-axis and letters on the Y- 
axis. Moves are entered on the 
calculator-like keyboard by defining 
the current location of a piece and 
where you want to move it to. You may 
castle or capture en passant, although 
the computer isn’t programmed to use 
the latter move. Within seconds of 
your move, the computer analyzes 
possible counter-moves and responds 
with its best choice. It can be beaten 
by an average player from 25% to 75% 
of the time. 

Experts who want to play a more 
difficult game can send their unit, 

along with $75, to the manufacturer for 

upgrading with a more complex ROM, 
which increases the difficulty level, 
has three levels of play. A newer 
model, which has three levels of play 
and is essentially the same as an 
upgraded basic model, but with some 
cosmetic changes, is $275. 

Walnut wood housing, 12x8x1 in. 
Operates on line current. Retail range, 
$160 to $200. 

Milton Bradley Comp IV 
Using the calculator pad, you try to 

guess a secret 3-digit number (like 
Bagels), 4-digit one (Mastermind) or 
5-digit one. Comp IV tells you how 
many digits are correct and how many 
are in the correct position. Clever 
deduction will allow you to get the 
number in the fewest possible 
guesses. Comp IV prods you with 
flashing lights if you delay too long. 
Use a different number each round, or 
the same one if two or more players 
are competing against each other. 

Plastic console, 7'2x4x4 in. Uses 
one 9-volt battery. Retail range, $20 to 
$40. 

Milton Bradley Electronic Battleship 
Two players, acting as fleet com- 

manders, determine the best locations 
for each of their ships in this game of 
electronic hide-and-seek on the high 
seas. The continuous sound of sonar 
adds realism to the mission, as you set 
your console controls to fire on 
sectors of the board where the op- 
ponent’s ships may be hidden. Press 
the Fire button, and you hear the 
whoosh of a torpedo heading for its 
target; hits are indicated by a flash of 
light on the scope and the sound of a 
realistic explosion. When you’ve sunk 
your opponent’s entire fleet, Elec- 
tronic Battleship sounds a continuous 
whoop of victory. 

Plastic board and display, 21x10%x9 
in. Uses four 9-volt batteries. Retail 
range, $30 to $50. 

Parker Brothers Code Name: Sector 
The human players (1 to 4) are 

destroyer commanders, moving their 
ships among 4800 grids on a nautical 
chart. The microprocessor stores, 
computes, and displays speed, direc- 
tion, and location of each ship. It also 
moves the sub, keeping its location 
secret but giving information that can 
be used to track and attack it. But be 
careful — that sub can torpedo 
destroyers! There are eleven control 
buttons. Comes complete with 8 
replica subs for scoring, facsimile 
Navy parallel rule, tracking crayons, 
wiper, and sharpener. Not a simple 
game! Age 12 and up. 

Plastic board and display, 19x13'2x4 
in. Uses one 9-volt battery. Retail 
range, $30 to $45. 
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Unisonic Vegas 21 
Casino blackjack with full Las Vegas 

rules. Your initial stake can be up to 
$50 million; before each hand you 
designate your wager. Your winnings 
and losses are posted after each hand. 
You can make insurance bets, split 
pairs, double down. Automatic deck 

shuffle after 41st card is dealt. Doubles 
as a standard calculator. 

Desk-top version woodgrain and 
gray plastic, 7x9x4 in. Large L.E.D. 
readout. Uses 3 C-cells. Retail range, 
$39 to $59. 

Hand-held version chrome and 
black plastic, 1x3x5 in. Uses 3 AA 
batteries. Retail range, $30 to $50. 

APF Mathemagician 
A teaching calculator and device for 

game-playing all in one. Simple or 
complex 1- or 2-digit problems can be 
performed. Four-function calculator 
does multiplication, division, addition 

and subtraction. In addition, six games 
can be played — Gooey Gumdrop, 
The Number Machine, Walk-the- 
Plank, Football, Lunar Lander and 
Countin’ On, each with its own plastic 
overlay. All games can be played by 
one or two people. In “Lunar Lander,” 
you take over the controls of a lunar 
landing module at an altitude of 300 ft. 
above the moon’s furface. Try and 
land the module safely! Switch to 
“Gooey Gumdrop” and try to find the 
secret location of the gumdrop bomb 
before it explodes. In “Walk the Plank,” 
you try to guess the machine's secret 
number in three tries. If you lose, you 
walk the plank! 

Black and gray plastic case, 8%x- 
5x1% in. Uses one 9-volt battery. 
$39.95. @ 



Profile of a Smart Electronic Game... 

Guess the random number generated by 
this new game, which gives hints. 

COMP IV 

“| am programmed to beat you,” 
says the ad, and continues, in smaller 
print, “You are mortal. | am the 
product of millions of dollars of 
research. You will attempt to deduce 
the numbers | have hidden in my 
computer memory. | will reveal only 
which of your digits are correct and 
how many are in the right order. As 
your excitement mounts, you will get 
(ugh!) emotional. | will not. You are 
mortal. | am Comp IV, the new 
electronic challenge game with 32,000 
number combinations, from Milton 
Bradley.” 

Description . 
Despite the provocative challenge, 

Comp IV looks quite simple and 

harmless. Weighing only about eleven 
ounces and fitting comfortably into 
one hand, it consists outwardly of no 
more than a blue plastic case with a 
12-button keyboard, two vertical rows 
of five LEDs (light-emitting diodes) on 
a sloping display panel, an on/off 
switch, and a compartment for a nine- 
volt battery. 

Inside, Comp IV looks almost as 
simple. Mounted under the 12 keys is a 
very thin Texas Instruments X-Y 
matrix on a plastic substrate. Pressing 
a key causes an X (row) wire to touch a 
Y (column) wire. The matrix is 
separated from the 12 keys by a thin 
sheet of plastic foam and a sheet of 

Mylar, mostly to protect the keyswitch 
matrix from anything that small (or 
large) hands might spill onto the 
keyboard. 
The only other item concealed 

inside the case is the brains of the 
game, a 28-pin IC, also from TI, a one- 
chip microcomputer in the TMS1000 
series. This family of ICs is used in 
every one of the T! calculators, as well 
as in another Milton Bradley game, 
Electronic Battleship, which will be 
reviewed at a later date 
The TMS1000 series of microcom- 

puters sells for less than $3 in quantity, 
and is recommended by TI for use in 
coin changers, fuel metering, oven 
control, games, automatic telephone 
answering, and many other 

applications. Each member of the 

family contains registers, a program 
counter, an arithmetic logic unit, RAM 

Stephen B. Gray 

and ROM memory, !/O circuitry, anda 
clock. The particular one used in 
Comp IV contains 1,024 8-bit words of 
ROM memory for the random-number 
generator and the game-play 

algorithm, plus 64 4-bit RAM words to 
hold the numbers entered from the 
keyboard. 

Basic Operation 
After turning on Comp IV, you can 

check out the circuits by pressing the 
keys in the sequence 7-E-1-2-3-4-E 
(the 12 keys are labelled 0 through 9, 
plus R for Reset and E for Enter). If the 
unit is working correctly, the five lights 
in the left vertical row (Number) will 
flash along with the four bottom lights 
in the right vertical row (Sequence). 
The top right LED is the Ready in- 
dicator. 

Press R (with or without having 
previously gone through the checkout 
procedure), and the LEDs will flash in 
seven. preset combinations (the 
manual says Comp IV is scanning 

while it selects a number, but no doubt 
the number is selected long before the 
first combination of lights goes on. 
The flashing-light combinations sim- 
ply make it look more like a com- 
puter). Then the Ready light goes on, to 
indicate that Comp IV is ready to 
accept your guess as to what number 
it has generated. In the numbers 
generated by Comp IV, no digit is 
repeated, so that the secret number 
will never be 553, for instance. That 
would make the game just a little too 
difficult for most people. 

Your first entry determines the 
complexity of that particular game. If 
you wish to play a three-digit game, 
make your first guess a three-digit 
one, and enter it into the computer by 
pressing the E key. If you wish to play 
a four-digit or a five-digit game, make 
a first guess of four or five digits, 
before pressing E. 
When you enter your guess, Comp 

IV compares it with the random 
number it has generated, and 
responds with lights on the sloping 
screen. The left row, marked 
NUMBER, indicates how many digits 
you guessed correctly; the right row, 
labelled SEQUENCE, shows how 
many of the digits guessed correctly 

278 

are in the correct order (but not which 
numbers are in the right order). 

As further entries are made, the 
display will help you figure out which 
digits to eliminate and which to 
confirm. If there is no match between 
your entry and Comp IV’s number, the 
only light on the display will be the 
Ready light. If you enter too many or 
too few digits, the 1 NUMBER light will 
blink. 
When you finally enter the exact 

number that Comp IV is holding, all 
the lights on the screen will flash 
(except the Ready light). To play 
another game, press R, wait for the 
seven sets of flashes, enter the number 
of digits you wish to play, and thus you 
start a new game against a new 
number generated by Comp IV. 
A pad is provided for keeping track 

of your entries, as well as of digits 
you’re sure are (or are not) in the 
hidden number. 

Demonstration 
Suppose Comp IV has generated 

436. If your guess is 423, you'll get a 2 
light in the NUMBER column because 
you got the 4 and 3 right, and a 1 light 
in the SEQUENCE column because 
you guessed the 4 in the right place. If 
your guess had been 432, you’d have a 
2 light in the SEQUENCE column. 

Extra Features 
Comp IV has two features designed 

to keep you from dawdling. The R light 
“also serves as a timer to help you 
keep track of your game.” After about 
30 seconds, it will flash slowly, and 
after another 30 seconds, will begin to 
flash faster, and stay that way. Also, 
responses are displayed for only about 
30 seconds, after which they go off 
and the ready light comes on. 

But these features are only to 
remind you that time is passing; if 
you’re playing alone, you can take all 

day to figure out Comp IV’s hidden 
number. This is entirely unlike some of 
the other games that can be played 
alone (and which we'll be reviewing in 
future issues), where you _ have 
automobiles or an opposing team or 
missiles coming at you, and you've got 
to make fast decisions right now. 

Fast decisions are usually required, 
however, in group play with Comp IV, 



unless you don’t mind being called a 
slowpoke or an idiot or worse. 

Group Play 
According to the Comp IV manual, 

the game can be played by a group in 
two ways. In Rotation Play, each 
player makes an entry, announces it to 
the group, and uses a sheet of the 
entry pad to keep track of the game’s 
progress.. “For large groups of ex- 

perienced players, the five-digit game 
is often best.” The first person to 
guess the number that Comp IV holds 
is the winner. 

In Repeat Play, advantage is taken 
of acircuit that allows Comp IV to hold 
a number for repeated games, so that 
each player gets a chance for a 
complete game on that number. Each 
player guesses the correct number in 

secret, then presses E instead of R. 
This will keep the same number in 
Comp IV, instead of generating a new 
one. The player solving the secret 
number in the least number of steps is 
the winner. (A counter to indicate how 
many times the E key is pressed would 
be a big help, by showing exactly how 
many steps were required to find the 
secret number, but this would also 
increase the price of the game.) 

Observations 
Obviously, Comp IV has to generate 

a five-digit number each time, because 
it doesn’t know if you’re going to play 
a three-, four-, or five-digit game. So it 
may come up with 45283, but if you’re 
playing a three-digit game, you'll win 
with 452. 

The three-digit game is quite simple. 
It can be played without looking at the 
sequence lights, although such a 
game takes a little longer without the 
hints provided by these lights. After a 
three-digit game, some _ pessimists 
may think Comp IV is a child’s toy. Let 
them try a four-digit game, and 
especially a five-digit game. They may 
well require a game pad, which can 
shorten the game for those who find 
they just can’t keep all the “sure” and 
“out” numbers in their heads. Even 
with a game pad, there will no doubt 
be people who simply give up in 
frustration. 

There is a way to cheat. The 
manufacturer probably provided this 
“easy way out’ to keep some 
frustrated player from taking a sledge 
hammer to his (or somebody else’s) 
Comp IV, or even to keep him from 
banging his head against the wall. You 
can build up quite an anger against an 
11-ounce box of plastic and metal, if it 
refuses to divulge its secret number 
despite all your banging on the keys, 
and will only blink its little lights. 

The manufacturer doesn’t call it 
cheating, but instead politely refers to 
it as “one strategy that can be used to 
discover whether certain digits are 

held.” You enter a single digit as many 
times as there are digits in the game. If 
you're playing a three-digit game, and 
want to find out for sure if there’s a 7 in 
the secret number, enter 777, and if 7 
was included, you'll get a 3 light in 
number, and a 1 light in sequence. 
Press all the other numbers three 
times, and you'll find the other two. 
Now all you have to do is figure out the 
sequence. 

The game is so fascinating that 
you'll soon decide to get an AC 
adapter, rather than use up a lot of 9- 
volt batteries. 

The random-number — generator 
provides a completely new number 

each time; there is no stored set of 
numbers in the IC. The number of 
possible five-digit combinations of ten 
digits, with no repeated digits, is 
10x9x8x7x6, or 30,240. The possible 

combination of four digits is 10x9x8x7, 
or 5,040. 

Comparison with Computer Games 

In the BAGELS game (101 BASIC 
Computer Games) essentially the same 
information is provided by the host 
computer, which indicates with words 
instead of lights the same information 
(PICO: one digit is correct, but in the 
wrong place; FERMI: one digit is in the 
correct place; BAGLES: no digit is 
correct). 

BULCOW (101 BASIC Computer 
Games) is a somewhat advanced 
version of BAGELS, known as Bulls 
and Cows (more popular in England 
than in the U.S.). “A BULL is scored 
for each correct digit in the correct 
position and COW for each correct 
digit but out of position.” 

(Mar-Apr MASTERMIND 1976 
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Creative Computing) was originally 
“simply a commercial adaptation (us- 
ing colors rather than numbers) of the 
game Bulls and Cows.” Two people 
play against each other, using a plastic 
game board and plastic pegs of 
various colors. Each player tries to 
guess the color and position of his 
opponent's pegs concealed in a 
“hidden code” portion of the game 
board. Creative provides a com- 
puterized version. 
MASTERBAGELS (Jan-Feb 1977 

Creative Computing) combines 
Bagels, Bulls and Cows, Mastermind, 
and several other games “into a 
general deductive logic game.” If the 
player wishes to play Bagels, he sets 
the initial parameters to N,3,9; if 
Mastermind is his choice, the setting is 
N,4,6. “But the real fun is trying new 
combinations.” 

History 

The first Milton Bradley game came 
out in 1860, and is still available: “The 
Game of Life,” involving growing up, 
college, a career, etc. (No relation to 
the game of Life invented in 1970 by 
Cambridge mathematician John Con- 
way, and popularized by Martin Gard- 
ner in Scientific American. The whole 
game is ruled by three very simple 
genetic laws that define the survival, 
death and birth of the cells at each 
generation). 

The 1960’s opened the big era of 
plastic games, featuring hundreds of 
injection-molded items. In 1977, the 
Milton Bradley Company introduced 
their first electronic game, Comp IV. 
The price, depending on when and 
where you buy the game, is roughly 
between $20 and $40. @ 



EGIINGFaINIGKO 

Selecting a hobby computer is getting 
harder every month, with new micros 

coming on the market all the time. Over 

50 are available now, inkit or assembled 
form, or both, with a wide range of 
prices, and a great variety of features 
and peripherals. Some of the later ones 

have features that the earlier micros 
didn't, which may well cause some 

hobbyists to say, ‘I'll wait until a better 

machine comes along.” That's a little 
like waiting for the perfect car, or stereo 
(or mate, for that matter). In waiting for 
that peak of perfection, you could lose 
out on a lot of fun and games (especially 
the games, in the case of micros). 

The choice can be narrowed down by 
considering the various types of hobby 

computers. Five types dominate the 

market today, each with its own 
characteristics and appeal. 

Type A: PC Board 
The simplest hobby computer con- 

sists of a single printed-circuit board. 
This type was first sold for ‘‘engineering 
evaluation’”’ (and many still are), to 
companies thinking of incorporating a 

/ Vege 

Type A: Wintek Control Module 

microcomputer in-one or more pro- 

ducts. What you get is the central 

processor unit (CPU) board, which 

includes an MPU (microprocessor unit) 

as the main integrated circuit, along 

Stephen B. Gray 

with control circuits, input/output 
interfacing, and perhaps some memory. 

Since the Type A micro is a minimum 

machine, you have to provide a power 

supply, facilities for input/output (such 
as a Teletype, or at least a keyboard and 

readout), and enough memory to allow 

the computer to run the programs you 

want, in the language of your choice. 

With only IK or less of memory, your 

micro is limited to being programmed in 
machine language, or to short programs 

in assembly language. Some computer- 
niks find both languages fascinating, but 
most hobbyists find them tedious and 
easy to make mistakes with. There’s alot 

to be learned in working up the ability to 
use an assembler fluently, but most of us 

are more interested in programming 

than in working that close to the 

hardware. 
There’s Tiny BASIC, a_ high-level 

language that makes programming 
much easier than with assembler, but if 
you try to use it with the limited amount 

of memory that comes with nearly allthe 
Type A microcomputers, you won't have 
much memory, if any, touse for yourown 
programs. This is because the Tiny 

BASIC itself takes up acertain amount of 
memory space, such as 2K. So you buy 

more memory, perhaps enough to run 

full-scale BASIC, for which you'd need at 
least 4K of memory for the BASIC 

interpreter itself, and at least 4K more 
for your own programs. 

Examples of the Type A single-board 

computer are the Microcomputer 

Associates JOLT, and the National 
Semiconductor SC/MP. 

Buy one of these Type A computers if 
you re more interestedin hardwarethan 

software, are more interested in 
assembly language than in BASIC, and 
want to learn the fundamentals of 

computers. Type A is for the real 

computernik, as well as for the beginner 

who wants to learn all he can about 

hardware. It can be an inexpensive way 

to go, if you can keep down the prices of 
all the rest of what you need to create a 

usable system. 
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Type B: Allon One Board 
This type is one step up from the PC- 

board computer, because it adds an 

integral keyboard and display. The 
keyboard is almost always a hexa- 

decimal type, with at least 16 keys 
labelled O to F, and perhaps several 
other keys for entering the keyboarddata 
into memory, or displaying what's in a 
particular memory location, etc. The 

Type B: MOS Technology KIM-1 

display in some of the cheaper Type B 
computers is made up of LEDs, which is 
not so easy toread; the majority providea 
segmented alphanumeric display, with 

two, four, six or even more digits 
displayed. 

Here is the most computer that can be 

bought for the least. Everything is 

supplied but the power supply, in nearly 

all cases, although some manufac- 
turers provide one as an option. 

With a hex keyboard and an alpha- 

numeric display, the user can program 

in assembly language. Not very big 

programs, since most of the all-on-one- 

board computers are limited as to 
memory. But if you want more memory 

for your KIM-1 computer, you can get 
KIM-2, which is 4K, or KIM-3, which is 
8K of memory. KIM-4 is a backplane into 
which memory (or other) boards can be 



plugged. For the EBKA 6502 Familiari- 

zor, there’s an expander board that will 

hold any or all of seven options, 

including a PROM programmer, 2K 
PROM memory, 4K RAM memory, baud- 

rate clock, and interfaces for dual 
cassette, serial and parallel operation. 

More of the Type B computers are 

available than any other type, and 
include the MOS Technology KIM-1, 
EBKA 6502 Familiarizor, E&L Mini- 
Micro-Designer, Intersil Intercept Jr., 

EPA-68, and the Martin Research Mike 
3 and Mike 8. All but the last two consist 

of a single board; Mike 3 and Mike 8 are 
stacks of several boards, separated by 

spacers. This modular approach, with 
the keyboard and display on the top 
board, CPU on the second board, 
memory on the third, etc., permits using 
different CPU boards with differing MPU 

chips, such as the 8080A, Z-80, or 8008, 

for the hardware (and software) 

experimenter. 

An_all-on-one-board computer is 

recommended for the person who wants 

the most for the least, or the person who 
wants to learn the basics but who 
doesn't want to spend too much on 

something he may not use much, once 
he’s learned enough to satisfy himself. 

The same situation with languages 
applies to both Types A and B 

microcomputers. With limited memory 

you can work only in machine language 

or assembler. With a little more you can 
use Tiny BASIC, and with 4K or more, 
you can start working in standard 

BASIC. 

Type C: Box With Lights and Switches 
The first hobby computer to achieve 

stardom was the MITS Altair 8800, 
which had a full front panel, with two 

dozen switches and three dozen lights. 
Most of the switches are for addressing 

Type C: MITS Altair 8800b 

memory and for inserting or retrieving 
data from memory; the rest are function 

switches. Most of the lights indicate the 

address or the data; the rest indicate 

functions. 
The Altair 8800b, the latest model of 

the 8800, includes some additional 

function switches. Several other hobby 

computers are compatible with the 

Altair 8800b; that is, acircuit card from 

any one of them will plug into the 
motherboard of any other. This includes 

the Imsai 8080, PolyMorphic Poly 88, 
and the Processor Technology SOL, 
which use what has come to be called 

either the “‘Altair bus” or the ‘‘S-100 

bus” (wecall it the Altair S-100 bus, just 

to cover all bases, or buses). 

The Altair 8800b comes with no 
memory, so you'll have to buy some 

before you can start programming. As 

for other add-on options, there are more 
for the 8800b (and its compatible 

brothers) than for any other hobby 

computer—over 100 boards, from 

several dozen manufacturers, that can 

be plugged into the Altair S-100 bus, 
including memory, graphics, voice 

synthesizer, peripheral interfaces, etc. 
Programs can be entered and run on 

the Altair 8800b without the need for 

anything other than the computer itself, 

although the hard way. You can enter a 

program, in machine language, byte by 

byte, by means of the front-panel 
switches, run the program, and then 

read the results by decoding the pattern 

of lights. However, this is suitable only 

for very short programs, and _ for 

occasions such as checking out the 

computer when you've just built it, or 
when you have problems with it later on. 

So unless you enjoy flipping toggle 
switches hour after hour, you'll need 

some form of input/output, such as a 

keyboard for input and a TV set (or other 

type of video screen) or a printer. 

Other Type C microcomputers, in 
addition to those already mentioned, 

include the PCM-12A Electronic Tool 

Company ETC-1000, and the MITS 
Altair 680b. 

All in all, with what you'll have to 

invest for the computer and for 

input/output, this is the type of machine 

to choose if you’re sure you want to go 
further than just becoming familiar with 
computers, andif you're more interested 
in programming than in hardware. Also, 

it’s the type to choose if peripherals are 

your thing, since so many are available 
for the Altair S-100 bus. 

Type D: Box Without Lights or 

Switches 
Are allthose switches andlights really 

necessary? Not really, since there are 

very few microcomputer operations that 

can’t be performed using a keyboard, if 

the computer has a monitor. This is a 

collection of relatively short service 

programs, stored in aread-only memory 

(ROM), that can greatly shorten the time 

required to get your programs written, 

debugged, and running. 
One of the most important of these 

service routines is a bootstrap loader, 

which has to be fed to any microcom- 

puter before anything else goes in, to 

guide the regular programs tothe proper 
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places in memory. Since the computer is 

a very fast but stupid servant, it has no 

way of knowing just where your 
programs should be loaded in memory, 

so the bootstrap loader isneededasaset 

of signposts. 
Other monitor programs can include, 

as in the Southwest Technical 6800 
computer, which is the best known of 

this type, routines for examining (and 

MeUTER 
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Type D: Southwest Technical 6800 

changing, if required) the contents of 

any memory location, printing or 
punching the contents of any memory 
location, displaying the contents of the 

MPU registers, and switching the 

computer over to running the user's 

program. 

Other computers of this type include 
the OSI Challenger, PolyMorphic Poly 
88, Processor Technology Sol, and the 

Wave Mate Jupiter Il. Most of these 

computers have only one or two 

switches on the front, usually one for 
power on/off, and another for reset. 

Just about the only function one of these 
computers can’t perform, and which a 

Type C can, is to sense the position of a 

front-panel switch. That is, the program 

can ask, in effect, ‘Is switch 3 up or 
down?” in cases where it’s easier to set 

one or more switches on the front panel 
than to have tochangethe program each 

time there’s a difference in the 
conditions represented by these swit- 

ches. 

Just to confuse things, there’s atleast 

one computer, the MITS Altair 680b, 

which has both a full set of switches and 

lights, and a monitor in ROM. Incident- 

ally, nearly all the Type B all-on-one- 

board computers contain a monitor. 

The Type D computer is the way to goif 

you want a faster startup and the other 

advantages provided by a monitor. The 

monitor puts the bootstrap loader into 

memory as soon as the computer is 

turned on, or whenever you press the 

reset button, so you re ready toloadyour 

own programs. Witha Type C computer, 

you Il have to key in the bootstrap loader 
by hand each time you turn on the 

machine, although this doesn’t take too 

long once you ve gone through it several 

times. 

Because the Type D machine has only 

a couple of switches, it’s somewhat 

cheaper to buy, on the average, and 

easier to put together; the Southwest 



Technical 6800 is admired even by 
competing manufacturers for its ease of 
assembly. 

Type E: Allin One Box 
With this all-inclusive type of 

computer, you get everything you need 

all at once, all in one box: computer, crt, 
and keyboard. Although this type is the 
most expensive, since it combines a 

computer and two peripherals, it does 
provide acomplete package that lets you 

start programming right away, because 
most of these come with a monitor. 
Computers of this type include the 

Compucolor 8001 and the Sphere 300 
series. 

This type of computer is important, 
because, in prewired form, it will 
probably become the most common 

“people's computer” of the future. More 
and more people who can’t wire up akit 
are getting interested in hobby com- 
puters. So this type is bound to be a best 
seller, since it comes complete and 
ready to use, with no add-ons needed 

unless the user wants more memory. A 

forerunner is scheduled to be on the 
market very soon: the PET 2001, made 

by Commodore (which owns MOS 
Technology, creators of KIM-1), with 
molded plastic case, keyboard with 
graphics characters, numeric keypad, 

built-in 9-inch video monitor, 20-line by 
40-character screen, built-in audio 

cassette unit, 4K RAM, about 12K of 
interpreter and ROM with BASIC 

Type E: Sphere 310 

cassette operating system, all for $495. 
Production was scheduled to start July 
first of this year. 

Several of the larger hobby-computer 
kit manufacturers are considering 
wired-only BASIC models, at least two 
calculator manufacturers are working 
on prototypes of such machines, and 
even some of the business-computer 

makers are keeping aclose watch onthe 

hobby market to see if and when they 

should get into this fast-growing field. 

KKK KK KKK KK KKK KK 

Heath: Two Compuiers and 

Two Peripherals, for Openers 

Stephen B. Gray 

L’Envoi 
There you have the five main types of 

hobby computers. There are half adozen 

other types, represented by one or two 
companies each, such as the computer 
built into an attache case. 

Even with the guidelines we've 
provided, making achoicestillwon’tbea 
simple matter. Write to manufacturers 
for information. If you can visit a 
computer store, let the personnel 
demonstrate their products, and they'll 
be happy to answer your questions. Join 

a computer club, and talk with hobbyists 
who have operating systems and whose 

experience can help you choose a 

machine that’s best suited toyour wants 

and/or needs. 
Magazines and club newsletters are 

excellent sources of information—takea 
look at Creative Computing’s ‘‘Equip- 
ment Profiles.” If you can get to a hobby- 
computer convention, such as held in 
New Jersey (Trenton and Atlantic City), 
Cleveland, San Francisco, Atlanta, and 
several other cities, these are great 
places to check out dozens of computers 
andperipheralsinasingleday, aswellas 

listen to lectures on hardware, software 
and applications. 

Don't wait. Get in on the fun now. For 
as little as a few hundreddollars (or for as 
much as a few thousand), you too can 
become a micro maven. @ 

Heath Company, at last silencing the 

rumors that have been flitting around for 

several years, introduced their line of 

“personal computing products” at a 

June 1 press party in Benton Harbor. 

First public showing is scheduled for the 

Personal Computing Fair inAtlantic City, 

NJ, August 27-28. Four products are 

due to be available this Fall: 

H8 8-Bit Computer 

At the lower end of the lineisthe H8 8- 
bit computer, using the 8080A MPU. An 
“intelligent front panel” features a 16- 

button keyboard for octal data entry, a 
nine-digit segmented octal display (six 

for address, three for register or memory 

contents). and four LED status lights, 

providing what Heath says is ‘‘the most 

controllable computer on the market.” 

The bus, which will probably become 

known as the Heath or S-50 bus, uses 

50-pin connectors on a ten-slot 

motherboard. 

A built-in 1K ROM monitor controls 

the front panel and the load/dump 

H8 8-bit computer 
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operations, and permits turnkey opera- 

tion. A built-in programmable speaker 

provides special effects as well as 

feedback signals to indicate proper or 

improper operation: ashort beep means, 

for example, that your keyboard entry 

was correct; a long beep would mean 

that youmadesome mistake intheentry. 

The CPU is wired and tested ‘‘for 

maximum success,’’ onthe theory that if 
your CPU: board doesn’t work, you can't 

check out anything else. All other H8 
boards are in kit form, and all ICs are 
socketed. 

Mail-order price of the H8 (without 

memory) is $375, including all systems 

software on audio cassettes. An 8K 

memory board with 4K of static RAM is 

$140, a 4K expansion chip set is $95. 

The H8 cabinet is configured for 32K of 

memory; the H8 can address 65K of 

memory. The serial 1/0 interface board 

with 1200-baud audio-cassette inter- 
face is $110; a three-port parallel 
interface is $150. Parallel and serial 

ports are software-compatible; with the 

8251 UART, the software doesn’t know 
if it's talking to aserialor parallel port. All 

software works with any configuration; 

no program changes need be made if 

different peripherals are used. Theserial 

interface uses the Kansas City standard 

tones and self-clocking for cassette 
recording, and also has complete 

modem control. 

H8 software includes BH BASIC 

(Benton Harbor, 8K), Extended BH 

BASIC (12K), text editor, two-pass 

assembler, debug, and panel monitor. 

An interesting feature is command 

completion: for instance, if you type PR, 

the computer completes the word by 

typing INT. Error detection during tape 

handling is provided. Both BASICs 

support PEEK/POKE, PIN/OUT, andthe 

SIN, COS and LOG functions are said to 
be one and a half times faster than in 

anybody else’s BASIC (making for a 

faster Startrek game). To demonstrate the 

H8’s multitasking capability, one game 
(Chase) was played on the display, and 

another (Hangman) on the CRT. 

H11 16-Bit Computer 
At the top of the line is the H11, using 

the Digital Equipment Corporation LSI- 

11 Microcomputer Module. Again, the 

CPU board is fully wired and tested; all 

other H11 boards are in kit form, 
including 4K static RAM at $275, serial 

interface ($95) and parallel interface 

($95). The CPU board will accept a 

hardware multiply IC, six boards can be 

plugged intothe backplane, and memory 

is expandable to 20K. 
The Hi1, at $1295 mail-order for the 

CPU and 4K RAM, includes a complete 

DEC system software package, contain- 

ing editor, PAL-11 assembler, linker, on- 

H11 16-bit computer 

line debug package, input/output 

executive, BASIC (8K) and FOCAL (both 

4K and 8K). Purchasers of the H11 will 

be eligible to join DECUS, the DEC Users 

Society, ‘which has a library with over 
800 programs designed for the PDP-11 
family of computers, many of which 

were developed for or canrunontheLSI- 

11.°° The H11 BASIC is said to be 2.5 

times faster than any other BASIC (a 

future development will make it ten 

times faster), and features strings, PRINT 

USING, and deletable features. 

H9 CRT Terminal 

The H9 alphanumeric video terminal 

has a 12-inch screen, 67-key ASCII 

keyboard (upper case only), 12-line by 8- 

character format (with format option of 

four columns of 12 lines by 20 

characters), cursor control, batch 

transmit, anda plot mode for very simple 

graphics. Baud rate is selectable, from 

110 to 9600; standard serial interfaces 
include EIA, 20-ma loop, and TTL 

input/output. 

The H9 terminal was demonstrated 

with the H8 computer, although it canbe 

used with the H11 or any other 

computer. To load, the user puts a 

cassette in a cassette player/recorder 

(Heath will provide a GE unit for $60), 
presses the LOAD key, and when the 

program is fully loaded, a short beep is 

heard. The Timing and Processing board 
is pre-wired and tested; the rest of the 

terminal is in kit form, at $503 mail- 

order. 

ait 
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H9 CRT terminal 
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H10 Paper Tape Reader/Punch 

Designed for use with Heath’s H8 and 

H11 computers, the H10 paper-tape 

reader/punch will work with any other 

digital computer. The tape is standard 

one-inch roll or fan-fold eight-level tape, 

read by the H10 at 50cps and punchedat 

10 cps. Independent punch and reader 

circuits permit simultaneous operation, 

as in copy mode for tape duplication. 

Mail-order kit price for the H10 is $350. 

Support 
Heath is going all-out to back up their 

computer products, whichrepresentthe 

largest investment in the company’s 

history. There will be self-instructional 

programming courses, and a Heath 

Users Group (HUG) with a newsletter. The 

group that provides technical help to kit 

builders over the telephone is gearing up 

for an expectedly heavy load of calls on 

the computer products. 

A $150,000training programis aimed 
at providing at least one technician in 

each of the 60 Heath centers with the 

know-how required to service the 

computer line. 

Over ten man-years were spend in 
writing the various mnuals or the 

computer line, and over 600 pages of 

software documentation are in prepara- 

tion. 

The operating manuals will contain 

step-by-step instructions on what to do 

with the keyboards anddisplays, and will 

show memory maps, I/O port maps, 

H10 paper-tape reader/punch 

bus designations, etc. The software 

manuals will contain many examples of 

program use, and many complete 

listings, such as the entire floating-point 

program in BASIC. 

Other Items 

Heath will make the LA36 DEC Write. 

available although the price hasn't been 

set yet for this 30-cps teleprinter with 

132-column format. 

Future plans include floppy disk, more 

software and interfaces, prototyping 

cards, graphics, and wired versions of 

the computer products. —SBG 



BUILDING THE SWTPC 6800 

by 
Bryan Loofbourrow 

P.O. Box 1237 
Mountainside, N.J. 07092 

After reading the article by Steve Gray’ about building an 
Altair 8800, | was surprised at the comparative ease with 
which my kit went together. Although the SWTPC 6800* is 
not without its share of construction hassles, | found that 
the problems mentioned by Steve of wiring in panel 

switches, over-complexity of programming manual, and 
memory bit errors did not exist in the SWTPC machine.(In all 

fairness, it should be pointed out that the Altair 8800 
Sieve built was one of the very original ones from 
MITS.—DHA 

Like the Altair 8800, the SWTPC 6800 has building 
instructions with schematics, PC board layouts and 
component placement drawings. One source of potential 

trouble, especially to inexperienced kit builders, is the set of 
instructions regarding installation of resistors and 

capacitors. For example, the directions suggest that the 
builder mount all of the resistors first, installing each one 
“from the TOP side of the board bending the leads along the 
BOTTOM side of the board and trimming so that 1/16” to 
1/8” of wire remains’’2.1 think that there are two things 
wrong with this. First, if you install all of the resistors ona 
given board then go back and solder all of them at once, you 
stand a good chance of missing a couple of connections. 

To avoid solder bridges a good eye, 
a steady hand, and a small soldering 
iron are essential. 

Second, bending the leads along the board and then cutting 
makes it almost impossible to cut the leads without digging 
into the board, and wasting a lot of effort being careful of the 
board in the process. These may be minor issues, but | think 
| saved myself a lot of effort and potential trouble by 
soldering each resistor right after installation, and leaving 
the leads straight while | soldered, cutting each lead after 
the connection was made. 

There are five boards that come with the computer: 
mother board, serial control interface, microprocessor 
board, power supply regulator board and memory board. 

Although special care required in building the 
microprocessor board can make work there rather tedious, 
by far the most difficult board to assemble is the memory 
board. The reason for this is that the circuit design required 

that conductors run in between IC pins, and, asa result, the 

*Southwest Technical Products Corp., 219 W. Rhapsody, 
San Antonio, TX 78216. 
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Heart of the computer is the MP-A microprocessor board. 
Notice the use of IC sockets (which are not included in the 

kit). 

pads are very thin and very close to adjacent connections. 

To avoid solder bridges a good eye, a steady hand, and a 
small soldering iron are essential when working with this 
board. If any bridges are formed, however, they are fairly 
easily located through close inspection with a magnifying 
glass and by using the memory diagnostic program supplied 
in the system documentation notebook. 

IC sockets are not supplied with the kit, except for a 
couple of the most expensive IC’s. While you may want to 
buy and install your own sockets (I did), SWTPC advises 

against it. They say that sockets are just one more thing to 
go wrong. | say that | haven't ever had a bum socket and if | 
ever want to remove an IC for repair or modification of the 
board, | would much rather be able to unplug it than to have 
to go through the trouble of desoldering it. This issue is, of 
course, something for the individual builder to decide. 
The documentation supplied with the computer is 

extensive; it includes a programming manual (194 pg.) and 
a notebook full of IC specs, explanations of stacks, 
interrupts, etc., several diagnostic programs anda TIC-TAC- 
TOE game program. All of the programs in the notebook will 
run inthe 2K of memory supplied. Much of the manual is of 
use only to the knowledgable, but can nevertheless be 
invaluable when making hardware modifications. 

Perhaps SWTPC’s biggest point of pride is the MIKBUG 
monitor program, which enables the user to connect his 



terminal (RS-232 or TTY) to the serial control interface and 

immediately be able to communicate with the computer. 
MIKBUG itself is on a ROM (Read Only Memory) which 
retains its memory even with power off. The program is 
automatically loaded and run when power is applied to the 

system, or when the user presses the RESET switch, one of 
the only two switches on the front panel of the computer 

SWTPC has greatly simplified the 
construction and use of their com- 
puter as compared with some 
others. 
SL A aR TE 

(the other is POWER ON/OFF). The MIKBUG program 
occupies 512 bytes of memory and has the following 
functions: Memory Change/Examine (M), Memory Dump 
(P), Load Program (L), Run Program (G) and Register 
Printout (R). These functions are essential when testing and 

debugging programs, and serve to simplify the use of the 
system greatly. 

Software that has been written for the 6800 includes four 
versions of BASIC ranging from Tiny BASIC to an extended 
8k BASIC as well as several games and specialized 
subroutines. About twenty different programs are available 
through an ad supplied with the kit. 

ot 

SWTPC 6800 inside view. The front panel is face down at 
the right. 

Construction time for the system is about 14-16 hours; 
cost is $395 (low, as microcomputers go). | think that 

SWTPC has greatly simplified the construction and use of 
their computer over some other models; although | don't 
know how their 6800 compares with the ALTAIR 680. 
Nonetheless, ‘‘second thought”’ modifications are virtually 

non-existent in their kit, and the instructions are reasonably 
clear to anyone with a minimum of kitbuilding experience. 

REFERENCES 
1. ‘Building a MITS ALTAIR 8800,” Creative Computing, 
Jan.-Feb. ‘76, p. 13. 
2. Taken directly from the MP-A building instructions. 

How | Built an IMSAI 8080 With 
Solder, Luck, and 

Very Little Help From the Manual 
by Steve North 
Newfoundland, New Jersey 

It’s interesting to consider that amateur computer kit 
building took off only a few years ago with the introduction 
of the Altair 8800, and now it’s possible to buy not only 
Altair-compatible boards from second sources, but also 
entire systems which resemble the Altair but hopefully 
feature some design improvements. One of these is the 
IMSAI 8080. After looking at ads that read, “Altair Good, 
IMSAI Better!’ for a few months (I couldn't decide if they 
were trying to conserve words or if the ad was written by a 
Japanese ad agency) | finally succumbed and bought an 
IMSAI through a local computer store. 
A basic, no-frills IMSAI consists of a CPU card, memory, 

front panel, power supply, motherboard, and chassis. The 

physical construction of the IMSAI seems simpler than that 
of other kits such as a Heathkit stereo, or, ahem, the 
IMSAI’s very popular competitor. It takes about 40 hours to 
assemble an IMSAI if you doa slow, careful job. Most of this 
time is spent soldering parts to printed circuit boards. 

The motherboard, into which the other boards in the 
system are plugged, runs from front to back on the left-hand 
side of the cabinet. The power supply is located on the right 

side of the cabinet. All the power supply components 
including a very hefty transformer and the filtering 
Capacitors are mounted on a printed circuit board. 
(Apparently the power supply in my IMSAI is a recent 
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revision because IMSAI is still showing the old power 
supply in their advertisements.) 

To connect the front panel to the system bus, IMSAI just 
runs the motherboard out under the front frame and so the 
front panel plugs into the motherboard and a small ribbon 
cable connects the front panel to the CPU. A “‘sandwich”’ 
consisting of layers of plastic, paper, and a photographic 

mask, is blotted with spacers to the front panel and bears 
the legends for the switches and LEDs. No jumpers are 
required on any of the PC boards. 

So, a kit like this should be a snap to build, right? Well, not 
quite. It seems to be understood these days that someone 
building a computer kit should have typical kit-building 
skills — ability to solder, identify parts, and follow 

directions. Nevertheless IMSAI doesn't make things too 
easy for you. For instance, after assembling the CPU board 
according to the instructions, you have an inductor and a 
resistor left over, which weren‘t mentioned in the instruc- 
tions. Since the inductor appears in the assembly diagram 

and in the photograph of the finished board, it’s logical to 
assume that IMSAI just forgot to mention it in the 
instructions. That leaves you with a resistor, which /s inthe 

assembly diagram, and /s in the schematic of the CPU 
board, but which /sn’t in the photograph of the finished 
board. | installed it anyway. 

There are other major slipups in the manual. The 

instructions describing installation of the front panel 



switches were hopeless, but the process is simple enough 
to figure out from studying the diagrams and photographs. 
In the section on the construction of the power supply, 

you re told to bend the leads of some rectifier diodes so that 
they will stand upright on the board, cathode down, and 
then install them as shown in a diagram. But if you install 
the diodes as shown, two will be in backwards! A quick 
comparison with the schematic and photographs reveals 

the correct installation. How about that! A manual that 
helps you blow up your computer! Another less serious 
blunder in the instructions is the labeling of the filtering 
capacitors “‘C1-C4” in the instructions, and ‘‘CO-C3”’ inthe 
assembly diagram. 

The first page of the manual lists in red ink all the things 
not to do, if you don’t want your warranty voided. One of 

these items reads, ‘‘Do not leave out any construction step, 
including taping of the power traces.’’ That’s funny, 
because nowhere in the manual did it say anything about 
taping power traces. Hopefully this instruction is merely a 

reference to the old power supply. If not, readers desiring to 

know how it feels to void your IMSAI warranty in front of 
thousands of people can write to Steve North, c/o Creative. 

| never did figure out how IMSAI expected you to cut littie 

holes, Ye” diameter, in the photographic mask that goes 
over the front panel. It’s pretty hard to do with a kitchen 
knife or a pair of scissors! IMSAI really should trim the mask 
for its customers, since it is a little difficult and it is 
important to the appearance of the finished product. 

Finally | had the IMSAI finished and turned it on. Would it 
work? Of course not! The LEDs that indicated what was 
happening on the data bus stayed on all the time, and did 
strange things when the system ground was touched. The 
address bus LEDs seemed to work nicely and increment on 
an Examine-Next or Deposit-Next. | had a very expensive 
16-bit binary counter! 

Probably someone reading this right now knows exactly 
what the problem was. Not being especially good (Read, 
“Not any good”’) at debugging | took the system down to my 
computer store where the owner tried out a newly 
assembled front panel board in my computer. ‘Well,’ he 

said, ‘at least there’s good news. | have a front panel that 

Card Edge Guides and 

Edge Connector (EXPM) 

Ten cut-outs 

for mounting 

EIA connectors 

for I/O cables. 

Microprocessor 

Board (MPU-A) 

22-slot Mother 

Board (EX P-22) 

Front Panel and its 

Control Board (CP-A) 

works.’ | was delighted. Anyway, the dealer advised me to 
send the board back to IMSAI, which I did. It came back two 
months later. \t only took a month to construct the 
computer! I'll have to order something from IMSAI and take 
two months to pay. 

Once reunited with the wayward front panel, the IMSAI 
ran perfectly. There are two checkout programs in the 
manual, explained in great detail. The first reads from the 
front panel sense switches and displays the data on the 

programmed output port also on the front panel. A minor 
variation of this program complements the data before it is 
displayed. The second program is a game called ‘’Kill the 
Rotating Bit” which is played with the little blinky-lights and 
the sense switches. 

IMSAI also includes two other books with the system. 

One of these is Adam Osborne's An /ntroduction to 
Microcomputers, which discusses the programming of 
microcomputers in general. The other is the /nte/ 8080 
Microcomputer Systems User’s Manual, a book of informa- 
tion on the inner workings of the 8080, the 8080 instruction 
set, and specs on other chips in the series. Apparently 
IMSAI decided to include these books rather than try to 
explain how to program their system in their manual. 
However, the IMSAI manual does contain several pages of 
information on how each board works and a nice explana- 

tion of what the switches and LEDs on the front panel 
indicate. 

The only problem reported with correctly assembled 

hardware is that noise on the 110 VAC trace running onthe 
front panel to the on-off switch interferes with the 

operation of the deposit one-shot. Several fixes have been 
suggested, one of which is the installation of a Pi-filter on 
the A.C. line, which is already present on my power 

supply. Now if IMSAI could just bring their documentation 
and support up to the level of their hardware .... 

Despite a manual which was probably written by 100 
monkeys pounding on 100 typewriters day and night 
(actually that’s being a little harsh) and the blinding speed of 
IMSAI’s service department, the IMSAI 8080 is still a 
worthwhile, cleanly designed system. Now if | could just 
afford 65K of memory! @ 

Cooling 

Fan (FM) 

) 28-ampere 

Power Supply 

m (PS-28) 

Chassis with 

sturdy card cage 

and 22-card capacity 

Blow up view of the IMSAI 8080 from the manufacturer's 
catalog. Available for $1.00 from IMS Associates, Inc., 
14860 Wicks Blvd., San Leandro, CA 94577. (415) 483- 
2093: 286 



A Creative Computing Equipment Profile... . 

TELETYPE MODEL 43 
TERMINAL 

by David H. Ahl 

From the people who brought the world the slow and 
noisy, but incredibly versatile ASR 33, we now have, some 
600,000 ASR 33’s and 10 years later, the fast, quiet, more 
versatile Model 43. 

The Model 43 is initially available in only a KSR version 
(keyboard send-receive, i.e., no paper tape or local storage). 
Presumably at some future point, local storage will be an 
option. 

The KSR 43 operates at 10 or 30 characters per second 
with corresponding transmission speeds of 110 or 300 
baud, switch selectable. It prints sideways on 12” wide 
paper using a very clever 7 x 9 dot matrix to provide 132 

character width across the paper in 10”. In other words, 
horizontal character spacing is 13.2 per inch; lines are 
spaced vertically at 6 per inch. The almost 2 to 1 horizontal 
to vertical character spacing should allow some very good 
graphics and plotting. The 7 x 9 dot matrix printer also 
allows a full 94 ASCII code character set (upper and lower 
case) and is very legible. The 12” wide by 8%” long pinfeed, 
fan fold paper can be trimmed to standard 8% x 11” by re- 
moving the perforated margins thus making the output easy 
to bind or file. 

The solid state keyboard has the same layout as an office 
typewriter so it can be readily used by anyone who can type. 
A built-in buffer absorbs momentary keyboard bursts. Using 
control keys, the keyboard can generate all 128 ASCII code 
combinations. 
A clever keyboard feature is a “CAPS LOCK” key that 

functions similar to the “SHIFT” key, but with one important 
advantage. When it is locked (depressed), it causes capital 
letters to be generated without having to operate the SHIFT 
key but also automatically generates numerics and other 
unshifted characters. 
A mode select key allows half or full duplex operation. 

There is also a parity on/off key, and an interrupt key. An 
automatic print test key verifies printer operation by 
causing all 94 ASCII characters and a special parity error 
symbol to be printed. 

Additional features include last character visibility, on- 
line back space, on-line margin settings, automatic carriage 
return/line feed on received data, and continuous line feed. 
The KSR 43 has a 103-compatible data set integrated 

right in the unit with automatic answer capability. 
Reliability of the KSR 43 should be excellent. It has built- 

in self diagnostics, component modularity (no more hours of 
digging into a messy boar’s nest to replace a key contact), 
and state-of-the-art MOS circuitry. 

The KSR 43 is amazingly compact measuring 18” wide x 
21” deep x 5%2” high and weighing in at 30 Ibs. The housing 
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is an attractive off-white and charcoal grey. Optional 
accessories include pedestal and copyholder. 

Major entries in the medium-speed ASCII printing 
terminal field include the DEC LA-36 DECwriter II, GE 
Terminet 30, TI Silent 700 and a new entry from Data 
General. It appears that Teletype has put together a package 
in the Model 43 that will be a real winner in this competi- 
tive field. 

Currently, the KSR 43 is available only from four Bell Sys- 
tem Operating Companies but will soon be tariffed in all 
companies. A variety of pricing options are available 

ranging from straight rental (approx. $90 per mo.) to various 
two-tier (front-loaded) plans. As of this writing there are no 

announced plans for outright sale of the unit by Teletype 
Corp.; for now you'll have to turn to your local phone 
company. @ 



The Soi-20: Simple Enough 

For a Six-Year Old 

One of the most obvious trends in personal computing is 
toward the “complete” computer kit — one which contains 
all or most of the ingredients of a usable computer system. 
Increasingly, units are being offered assembled too. The 
“complete” unit not only makes putting together a system 
easier (since the buyer need only select a single package, 
rather than a mainframe from one manufacturer, memory 
from another, etc.) but also makes the use of a system 
easier since it often features a monitor on PROM. An 
outstanding (but by no means the only) example of this 
kind of computer is Processor Technology’s SOL System. 

The foundation of the SOL ps a single large PC board 
containing: 
e An 8080-based CPU. Let’s not dredge up all the old 8080 

vs. other MPU’s argument; suffice to say that the 8080 is 
one of the most popular MPU’s in amateur computing 
and there is a large body of support software for it (not to 
mention some interesting hardware). 

e A Personality Module. That’s PTCO’s fancy name for a 
small (1%” x 3”) PROM card which plugs into the SOL, 
containing a hex monitor. Having a monitor on PROM 
eliminates the need for an expensive and sometimes 
unneededfront panel. The PROM card is not designed 
for the S-100 bus, hence it keeps the price of the system 
down while maintaining a level of flexibility which would 
be lost were the PROM built into the main PC board. 

Sol-20 with covers removed. Front (or keyboard) is in 
foreground, power supply is in right rear corner, expansion 
chassis (with 8KRA Memory installed) is to left of power supply. 
The vertical board just behind white connector on left is the 
backplane board. 

by Steve North 

e 1K RAM, intended primarily as scratch pad for the 
Personality Module. 

e The equivalent of a Processor Technology VDM-1. For 
those of you not familiar with amateur computing 
hardware, a VDM (Video Display Module) is a high 
speed video driver, which, with the proper software, can 
be made to simulate a fancy CRT. If you don’t need hard 
copy, it’s all you need for humanreadable output. You 
will need a TV to connect to it. Output for a video 
monitor or modified TV is provided, however, it is a 
simple enough job to mount a Pixeverter inside the SOL 
for direct RF entry into a TV set. 
A parallel and a serial data port. These permit you to 
use peripherals such as Teletypes or optical papertape 
readers with your SOL without buying separate 
interface boards. 

e Two cassette interfaces with motor control. They 
operate with both the Byte/Kansas City Standard, and 
PT’s new 1200 baud standard (ever wonder why they’re 
called standards anymore?). Sophisticated use of 
cassettes for mass storage in the future will no doubt 
require computer control of the cassette motor and 
perhaps two tape units — at least. 
The SOL also includes an 80-key keyboard with the full 

ASCII character set, as well as special function keys such 
as SHIFT LOCK, UPPER CASE, LOCAL, MODE SELECT, 
et al. The SOL power supply seems adequate for the job. 
There are also five S-100 compatible slots in the SOL. 
Offhand that doesn’t seem like a lot, because most of your 
memory has to go here. Still, five 8K RAMs gives you 40K 
of memory which is more than most people have. 
Processor Tech is already marketing a 16K RAM board, 
and you can be sure a 64K RAM board isn’t too far away. If 
you plan major expansion of your computer, remember 
that a floppy disc interface, TV Dazzler, and music-making 
module would only leave one slot in the SOL for memory. 
That’s the price you pay for compactness. But if you don’t 
plan to make your computer a continuing investment or 
put every application in the book on it, the SOL should be 
all you need. The entire unit is housed in a nice-looking 
cabinet with walnut sides, about the size of a portable 
electric typewriter. 

We'll leave details on building the SOL to other 
hardware-oriented magazines. However, construction of 
the SOL looked fairly typical for a computer kit. It did seem 
that there were a lot of “Engineering Modifications” 
because of errors or updates in PC design, requiring 
cutting of traces and running jumper wires. Of course, it 
would be logical to expect Processor Tech to revise the 
boards so future buyers may not have this problem. 
When the SOL is turned on, the program in the 

Personality Module initializes the system and enters the 
terminal mode. In this mode, what is typed on the 
keyboard is sent to the serial port and data received at the 
serial port is displayed by the Personality Module 
Software via the VDM to your TV set. The I/O at the serial 
port is either half or full duplex, selected by a switch inside 
the SOL. So for the price of aSOL (anda TV set) you havea 
nifty little terminal. 



Sol-20 with covers removed. Rear side of assembly is in 
foreground and Sol-PC is just visible at lower right rear of 
assembly. 8KRA Memory is installed in expansion chassis above 
Sol-PC. 

But SOL is also a stand-alone computer. Hit mode- 
select, and you’re running the hex monitor located on the 
Personality Module. Three versions are available — 
CONSOL, SOLED, and SOLOS. CONSOL, the simplest, 
permits you to enter and dump memory in hex, execute a 
user program, return to terminal mode, or to load a 
program from cassette tape. The BA (for BASIC) 
command executes a user program at 0000. This suggests 
that a person could just turn on the SOL, hit mode-select, 
type TL to load BASIC, then type BASIC and go, without 
knowing anything about machine code. 

Indeed, with SOLOS, one has only to type TXEQ 
BASIC/1, and you're off and running (see box). SOLOS 
provides more sophisticated I/O handling and tape 
cassette commands than CONSOL, while SOLED is 
designed for advanced editing features. 

These monitors permit dynamic assignment of the input 
and output devices to be used. Thus, user programs can 
use the monitor for their 1/0 operations and you can 
change |/O devices without patching the program. The 
default devices are the keyboard for input and VDM for 
output. Most of our experience has been with the SOLOS 
monitor which we’ve found exceptionally easy to use. 
More important, it’s had the flexibility to do virtually 

| anything we wanted. 
One thing we liked about the CUTS (Computer Users 

Tape System) cassette was that Processor Tech has 
standardized the format of the data to be used on their 

| Object tapes as well as the actual means used to record it. 

| 

| 

The format includes a header label with information on the 
name of the file, executing address, and length. That may 
not seem like a big deal, but if your system merely saves 
one huge block of data ona tape and then achecksum (ala 
Tarbell and others), it is impossible to search for a 
particular file, or even find out what a file is. On the other 
hand, once people are using a simple (standard?) format 

_ for exchanging data it’s difficult to get them to change. 
Also, it takes more software to process sophisticated data 

| formats and nobody we know likes to toggle in long tape 
handling routines, however, if you have a nice SOLOS 
monitor in PROM, who cares? 

| guess what we're saying is that the SOLOS monitor and 
CUTS cassette system is great for saving and retrieving 
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programs for your own use. However, this combination is 
not likely to be adopted as an industry standard, hence 
you'll probably be limited to exchanging programs with 
other SOL users. In most cases, this is probably not a 
disadvantage, but just a factor to be considered. 

Processor Tech supplies an expanded version of their 
SK BASIC with the SOL. It is a fairly typical BASIC — 
floating point math, one-dimensional arrays, multiple 
statements per line, etc. One very handy feature — it 
permits writing and reading data from a CUTS cassette. 
Unfortunately, 5K BASIC seems a bit klugy and 
sometimes limiting. For instance, to prematurely exit a 
FOR/NEXT/loop, you must set a switch and finish the 
loop, then branch. There have been complaints about 
formatted PRINT statements not working properly. In our 
own rather extensive use of 5K BASIC in the past few 
months we've found rather unexpected ways to restart the 
interpreter with an arithmetic expression, and to crash the 
interpreter with an undimensioned array or with a peculiar 
FOR/NEXT loop combination. Granted, this is abuse of 
the interpreter but it was found accidentally, not inten- 
tionally, and it must be expected that other people will do 
the same. 

Despite the minor criticism of 5K BASIC, the system is 
eminently useful. A number of CAI programs (described 
elsewhere in this issue) were written on the system. But 
perhaps the best testimony comes from 3 children, ages 6, 
7, and 8 who simply follow a set of instructions (see box) 
completely on their own to run their programs. It’s difficult 
to find another system — mini, micro, or timesharing 
terminal — that’s this easy and straightforward to use. 

Complete start up and shut down instructions for a Sol 20. The 
system is used regularly by 6,7, and 8 year old children for math 
drill and practice. 

STARTING UP 

Turn on computer and TV set, upper case should 
be lit 
Plug in cassette recorder 
If tape is not rewound, 

A. Press “REW” on recorder 
B. Type TC? (2 =Return Key) 
C. When tape is rewound, press “MODE 

SEEEGiIn 

Press “PLAY” on recorder 

Type TXEQ BASIC/1a 
Screen should say: Sol BASIC-5 

READY 

Tape 
Counter 

0-25 

Type XEQ-CAI2 
(Addition drill and practice) 

Press “MODE SELECT” To exit program 

25-28 

. Type XEQ-MULTI2 
(Multiplication and division) 

. Press “MODE SELECT” to exit 

. Type XEQ-GUESS2 
(Guessing game) 

. Press “MODE SELECT” to exit 

28-32 

To restart a program, Type “RUN” key 
To clear an error, Type “DEL” key 

SHUTTING DOWN 

Press “STOP” on recorder 
Turn off computer and TV set 

Unplug recorder 



Radio Shack’s 

$600 

Home Computer 
Wes Thomas 

This September you can walk into 
any of the 140 major Radio Shack 
stores around the country and buy a 
fully wired and _ tested TRS-80 
microcomputer for $599.95. For that 
amount, you get a compact ASCII 
keyboard with built-in microcomputer, 
plus a video monitor, and an audio- 
cassette recorder to store programs or 
data. You can take all of these home, 
plug them in, and write your first 
program in Radio Shack’s “Level I” 
BASIC. Or you may decide to buy just 
the | microcomputer/keyboard for 
$399.95, and use your own TV 
(through an RF modulator) along with 
your own home _ audio-cassette 
recorder. 

Radio Shack has_ thoughtfully 
provided five groups of programs for 
the TRS-80 on audio cassettes: 
“Blackjack and Backgammon’ (free), 

“Payroll” (for up to 15 people, at 
$19.95), Educator—Math!” ($19.95), 
“Kitchen” (menus, conversion tables, 
computer directory and message 
center, for $4.95), and “Personal 
Finance” ($14.95). 

| had a chance to try out the TRS-80 
at Radio Shack’s press conference in 
New York on August 3. | found it easy 
to use, with a compact, comfortable 
keyboard, a legible 12-inch video 
display, and a well-written, thorough, 
and very patient instruction manual. 
The video display features automatic 
scrolling, and displays 16 lines of 64 
characters for text (software- 
selectable to 32 characters per line). 

Enhanced Tiny Basic 
The TRS-80 uses Radio Shack’s 

“Level |” enhanced Tiny BASIC inter- 
preter, which resides in 4K of ROM 
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Father of the TRS-80 
The TRS-80 is the brainchild 

of 25-year-old Steve Leininger, 

who spent two years designing 
National Semiconductor’s 
SC/MP Development System. 
Steve was originally hired by 
Radio Shack last year to develop 
a computer kit, but, having 
worked in a Byte Shop in Califor- 
nia, he quickly convinced Radio 
Shack that “too many people 
can’t solder.” Steve says he put 
together the TRS-80 based on 
software ideas from Creative 
Computing and other sources. 

(Read-Only Memory). Level | improves 
on Tiny BASIC by adding floating 
point (to provide the decimal point), 
and scientific notation. And it adds 
graphics commands that let you easily 
generate pictures, which you can mix 
in with words. The storage capacity for 
programs plus data is 4K (about 500 
characters) in dynamic RAM (read and 
write memory). When you run out of 
space in internal computer memory, 

you can use the cassette recorder to 
extend it. (Note to hardware fans: 
Radio Shack is using the Z-80 chip for 
the TRS-80, but not the S-100 bus. 
And they’re using “Radio Shack” 
cassette-tape protocol, which adds 
One more to the dozen tape formats 
already in existence.) 

Incidentally, the microcomputer is 

designed and manufactured by Radio 
Shack in the U.S., the video monitor is 
from Taiwan, and the cassette 
recorder is Japanese. 

Peripherals 
Is that all there is? Nope. Radio 

Shack has bigger plaris for December. 
Here is what you can get for Christ- 
mas, if you can convince your wife (or 
husband or whoever) that you 
desperately need a computer to make 



your first million (Radio Shack says 
they will pay for useful programs): 

¢ A compact 80K floppy-disk unit 
for $600-$700 
operating system). 

e A dot-matrix printer for under 
$1,500 (a $700-or-less printer is in the 
works for 1978). 

e Extended (8K) BASIC, or 
“Level Il,” as Radio Shack calls it (this 
includes extended string capability, 
and other enhancements that will 
allow more sophisticated business and 
educational programming). 

@ Level Ill BASIC (with disc-control 
commands, and assembly-language 
subroutines). An internal 12K ROM 
will be available for this, allowing 4K 
for other uses. 

e Assembler (resident in 16K of disk 
or on cassette). This will permit faster 
graphics and I/O routines and let you 
do a lot of fancy tricks. 

e FORTRAN IV (in 16K of disc). 
e New software packages for small 

business and education, including 
general ledger, accounts receivable, 
inventory control, music theory, long 

(including disk 

division, algebra, and other 
programmecd-instruction packages 
now being developed by noted 
computer-aided-instruction experts. 

e Text editor (using disk and 8K of 
RAM). 

Radio Shack is also planning a 
modem (non RS-232) so you can 
connect your computer to other home 
computers or to a time-sharing service 
and let it talk its own language. Or you 
can use it like an intelligent terminal 
for business-data entry. Or send 
“electronic mail” messages. Or 
whatever else you have in mind. 

Also in the planning stages is an 
“Expansion Unit” to hold extra RAM 
memory, up to a total of 62K. Or you 
can put up to 16K of that inside the 
keyboard case (the TRS-80 with 16K 
of RAM is an extra $289) and another 
16K inside the disk unit (ROM memory 
can be expanded in the keyboard case 
up to 12K). Now you're ready to go 
into the business of serving small 
business — and to make your first 
million. 

Future Plans 
Radio Shack is also thinking about 

other features, and intends to provide 
them if enough customers are in- 
terested, such as: 

e Color graphics and an expanded 
graphics instruction set, plus an RF 
modulator (pending FCC approval) so 
you can hook up your color TV and 
invent your own interactive video 
games and impress your friends. 

e An External Device Controller to 
interface analog signals, such as from 
a joystick for video games, or from 
sensors for fire detection, etc. (a 
convenient 40-pin plug on is located 
the back of the keyboard unit). 

e Music and speech synthesizer, 
and voice-recognition devices. 

Markets 
Radio Shack is going into the 

computer business in a big way. 
Eventually, 2100 stores will carry the 
TRS-80. The main target market is 
small businesses, then education, 
followed by the consumer market. 
Radio Shack’s principal objective, 

according to their financial consultant 
Garland Asher, is to “influence other 
product lines — like digital scanners 
— to improve Radio Shack’s image, 
and to move the corporation into 
higher-ticket merchandise.” 

Meanwhile, Radio Shack’s parent, 
Tandy Corp., is planning a chain of 
“Tandy Computer” retail stores across 

the country; the first one will open 
Oct. 1 in Fort Worth. According to VP 
John Gatliff, “We'll carry a broad line 
of other vendors’ items too, and we'll 
also sell by mail order, starting in 
October. Our markets are business, 
education, and hobbyists.” 

As Radio Shack president Lewis 
Kornfeld put it, “This device is in- 
evitably in the future of everyone in the 
civilized world — in some way — now 
and for as far ahead as one can think.” 

Quick Comparison with 
Heathkit H8 and PET Computers 
How does the TRS-80 com- 

pare with two other recently- 
introduced low-cost home com- 
puters? 

e Heath H8 kit: $375. Adding 
the video-terminal kit plus 
cassette interface plus 8K 
memory brings the cost up to 
$1,110. 

© Commodore PET: About the 
same price ($595) as the Radio 
Shack TRS-80. Compact and 
with 8K BASIC. Drawbacks: a 
small calculator-style keyboard, 
small 9-inch video screen, less- 
powerful MPU chip (6502), and 
uses the IEEE bus (which re- 
quires intelligent peripherals). @ 

From the Log of the 
Mark V Home Computer 

& Intruder Alarum 
DANGER! DANGER! DANGER! 

I, THE MARK V HOME COMPUTER/INTRUDER ALARUM DETECT A SUSPICIOUS 
LOOKING INDIVIDUAL ATTEMPTING TO FORCE ENTRY TO THE BUILDING- 
COMMENCING INTRUSION LOG: 

16:33:47-023 FRONT DOOR INTERLOCK BREACHED 
18: 34:54.543 PHOTOCELL CHECKPOINT ALPHA PASSED 
18336:06-105 WEIGHT OF 97 KILOGRAMS DETECTED ON FIRST STAIRSTEP 
18:37:222133 INTRUDER ON LANDING; DIGITAL PHOTOGRAPH TAKEN 
18237222354 PHOTOGRAPH STORED AND PROCESSED. ANALYSIS INDICATES 

WHITE ANGLO SAXON CATHOLIC WITH SCAR ABOVE LEFT EYE 
AND A SLIGHT LISP. 

18: 37% 22.665 PHOTOGRAPH DISPATCHED VIA TELSAT TO INTERPOL. 
18237:22-982 INTERPOL RETURNS ID AS “GREGOR TABRASKII"™s» KNOWN 

COMPUTER THIEF AND KILOBAD SUBSCRIBER- 
18: 37:22.995 ENERGIZE DEFENSE SYSTEM- 
18:37:23-442 TARGET ON FIFTH STEP OF SECOND TIERe 
18:372:23-445 DEFENSE SYSTEM READY 
18:37:25-045 TARGET AT TOP OF STAIRSe LOCK ON 50 MEGAWATT LASERe 

18% 37:25-050 LASER LOCKED ONe- QUERY SUPREME COURT ROBO-JUDGE FOR 
PERMISSION TO TERMINATE LIFE OF INTRUDER- 

16:37:25-052 PERMISSION GRANTED- 
18337:25-053 ZAP! 
182237:25-054 SWITCH AIR RECIRCULATION SYSTEM TO HIGH CLEAN- 
18:37825-100 NOTIFY BUILDING ENGINEERING OFFICE OF NEED TO 

REPAIR FRONT DOOR AND REAR WALL OVER STAIRS- 
18237:25:125 RESET ALARUM SYSTEM» RETURN LASER TO STAND-BY. 
1863 372253143 TERMINATE INTRUSION LOG- 

MARK V» READY 

291 



A Creative Computing Equipment Profile.... 

SOFTWARE 
TECHNOLOGY 

MUSIC SYSTEM 
The opening page of the Software Technology Music 

System says, “Perhaps you have a computer and have 
been wondering: ‘What else can | do with it?’ 

Perhaps you are a musician and would like to investigate 
computer-generated music. 

Perhaps you would like to play a concert.” 
Well, | am none of these. | have plenty to do with my 

computer, | am certainly not a musician and, although | 
would like to play a concert, | hardly have the time to 
devote to doing so. Some of my friends have occasionally 
accused me of being a baroque freak because when they 
come over to the house all they can seem to get on my hi-fi 
is Bach, Handel, Vivaldi and so on. However, my musical 
tastes actually run from Baroque to the Beach Boys which 
encompasses a fair amount of ground in-between. As a 
result | was intrigued with the flyer about the Software 
Technology Music System for $24.50. 

The price covers a very small piece of hardware (a 
printed-circuit board about 1%”x6” which plugs into a 

QUIRUY (RIENABIE 

4C0DACO 

Fig. 1. The hardware is simplicity itself; the entire board has only five 
components. 

standard S-100 bus and which mounts all of five different 
parts, three resistors and two capacitors), an instruction 
manual, and a cassette tape of the software. It sounded 
like an intriguing investment for only $24.50. 
My last investment in a music kit was also, curiously 

enough, in the same price range ($30). That was for a 
dulcimer which | purchased several years ago. The 
dulcimer might be termed all-hardware; perhaps 
hardwood would be a more accurate designation. In 
addition to the price | found several other interesting 
parallels between the dulcimer and the Software 
Technology Music System. The dulcimer has three strings 
— the music system has three voices. It took me, a totally 
inexperienced musician, a couple of hours before | could 
start picking out simple melodies on the dulcimer and 
making them sound decent using all three strings. 
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Correspondingly, it also took a couple of hours before | 
felt relatively comfortable transposing music for the 
Software Technology Music System. The dulcimer has 
rather simple tuning, a two-octave range, an interesting 
tone if played in moderation, and is kind of a folksy 
musical instrument. | found the Software Technology 
Music System roughly the same. It’s easy to tune, has a 
wider range (four octaves) with a nice tone although one 
certainly wouldn't want to overdo it, and it’s kind of folksy 
— something that my wife and kids, who don't relate to 
computers all that well, found intriguing and could relate 
to. Enough of the parallels. What is the product like? 

The printed-circuit board clearly is the model of 
simplicity. It goes together in about ten minutes — five 
minutes of which are spent letting the soldering pencil 
warm up. The addition of a shielded cable and a phono 
plug allows you to plug it into your hi-fi. In my case, since | 
was using a tv set for my display with my SOL-20 system, | 
decided it would be easy enough to tap into the volume 
control on the tv set and use its amplifier and speaker for 
the music system. Certainly not the fidelity of a good hi-fi 
system but adequate under the circumstances, plus the 
fact that it gives me a fully-transportable, self-contained 
system. In the way of other hardware, you need just the 
bare minimum system: an 8080-based CPU, with 
preferably 12K or 16K of memory since a typical musical 
tune takes approximately 1K of memory for each minute of 
the composition. If you don’t want to overlay the compiled 
version of the tune on top of the source code you would 
certainly want at least 12K of memory for any tune more 
than a couple of minutes long. 

The cassette tape of software comes in two different 
formats: a 1200-baud CUTS format on one side and onthe 
other side the same programs in the 300-baud Kansas City 
format. The tape contains seven programs. First of all, the 
music program itself in object form, and six musical scores 
in source form including works such as the Prelude in C 
Major by J.S. Bach, Bouree by Handel and several other 
baroque pieces. 

Upon assembling my system the first thing | did was 
check it out and make sure the tape read in correctly; in 
other words, | turned to page 24 in the manual, entered a 
few commands to my SOL-20 system to load and execute 
the music program, return to the SOLOS monitor and get 
the first demo program, then gave it the command “FILE” 
which verifies the new file just read in, then the command 
“SCORE” which compiles the file, and finally the com- 
mand “PLAY” which plays it through the speaker system. 
Frankly, | was absolutely flabbergasted. The system 
loaded absolutely correctly the first time and played 
through my hi-fi system the first time. | had visions of 
spending the usual one or two evenings debugging the 
system, figuring out why it didn’t load, why it didn’t play, 
and so on, and frankly | was pleasantly surprised that the 
whole system loaded and played the first time. 



Flushed with this extraordinary success | decided to try 
my hand at putting in a piece of music of my own. As | 
mentioned before, | am anything but a musician, nor are 
any of the people in my family musicians. Consequently 
the only music we had around were some things that were 
from the 1940's left over from when other people dropped 
over occasionally to play our piano and forgot to take their 
music home with them. In other words, our selection was 
rather limited. In this pile | found a piece of sheet music for 

a OO" 

Fig. 2. Musical note tones are expressed in hexadecimal with notes on the 
treble clef being positive and on the bass clef negative. 

Yankee Doodle Dandy by George M. Cohan in “an easy 
arrangement for piano.” It suited my purposes perfectly 
because the arrangement was for three parts and the 
music board itself allows for three parts or three voices. | 

arranged things on my desk, the musical score in the 
center, a writing tablet and the manual for the music 
system on the left and started away. | first started by 
numbering the measures of the piece as was suggested in 
the music manual. As it turned out there were 42 measures 
in Yankee Doodle Dandy. Then | simply followed the 
directions and transcribed the music — the various notes, 
key signatures and so on from the sheet music to the 
appropriate computer notation. After completing eight 
measures | typed in the code and scored it, which is simply 
the command “SCORE?” in the music system and played it. 
| expected to recognize the melody. Instead | found that | 
was playing some sort of funeral dirge. “Aha!” | said to 
myself. The speed must be wrong and so | tried to modify 
the speed by means of the command that fixes a certain 
number of computer cycles to a.certain note length. 
However, affixing the minimum number of cycles to the 
longest note, in other words playing the piece as fast as | 
possibly could, while it didn’t quite have the funeral quality 
when | started out, was still far too slow for comfort. My 
solution was to combine two measures into one and half 
the length of each of the notes. In other words, on the 
sheet music a quarter note became on my computer music 
an eighth note, a whole note became a half note and soon. 
This gave me the latitude that | needed and improved the 
tempo of the piece considerabiy. While Yankee Doodle 
Dandy is a rather simple piece, particularly compared to 
Sarabande which is the sample piece scored in the Music 
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System manual, nevertheless, Yankee Doodle Dandy had 
several musical occurrances which were not in 
Sarabande. Consequently | found myself looking in the 
manual to find out how to do certain things. Clearly ina 
system such as this, once the hardware is functioning and 
the software is loaded in, it is the manual which becomes 
the central part of the system. Consequently a few 
comments on the manual are probably in order. 

It would certainly be helpful to have all of the symbols of 
the music system language defined in one place. As it is 
right now some of them are defined in the “commands” 
section of the manual, some others are defined in the 
“language summary” section, while still others are defined 
in the “musical note symbols” section, and lastly there are 
some symbols which are defined only in the text. The 
“rest” symbol, which is a dollar sign, turns out to be very 

important in Yankee Doodle Dandy. It’s arather minor part 
of Sarabande and is treated lightly in the text. On the other 
hand it would certainly have helped to be able to refer to 
some part of the manual and find out easily how to use the 
rest. Another thing which is not discussed in the manual is 
how to tie a note over from one measure to the next. The 
manual states that “since the computer always plays 
‘legato,’ tied notes usually do not present much of a 
problem. However, a very soft, almost inaudible ‘sh’ sound 
is produced by the tone-generating routines whenever a 
new note is started.” The discussion refers to two notes in 
the same measure. The question the user must ask 
himself, as | did, is “does that mean that when the same 
note is played one measure after another that it is also 

played ‘legato’ or does it mean that there is a bit of a pause 
or articulation between the two notes?” As it turns out, trial 
and error indicated that things are always played legato 
and if one wants a break between the same note played in 
two measures avery distinct articulation must be inserted 
at the end of the note played in the first measure. 

After several hours wrestling with these various 
problems the system became Clearer and Clearer; trial and 
error was a most helpful friend for determining what would 
happen in different situations; and, as the manual says, “it 
will be a matter of blind luck or painstaking trial and error. 
Ultimately, the ‘right’ solution is the one that sounds best.” 
The manual is absolutely correct in this regard. After 
several hours of trial and error | found that instead of 
transposing the music to a piece of paper and then into the 
computer that | could simply sit down at the keyboard and 
transpose the music directly from the musical score into 
the computer. 

Later that day some friends were over to the house. This 
happened to be the Fourth of July and we had a few 
firecrackers to drink, not the exploding type (the drinkable 
type of firecracker is made from a jigger of whiskey ina tall 
glass with ice filled up with cranberry juice — a delightful 
summertime drink). In any event | turned on my music 
system, played some of the demonstration works and then 

said, “here is the first work that |composed myself” and, as 

those old ads say, they laughed when | sat down at my 
computer (and are probably still laughing yet!) 

Allin all, if you're willing to devote a couple of hours to 
putting together the hardware, playing the demo software, 
and learning how to transcribe some music with trial and 
error or whatever method you find most handy, you will 
find “The Music System” by Software Technology an 
extremely intriguing and worthwhile investment of $24.50. 

For more information on the Software Technology 
Music System, write: Software Technology Corp., P.O. 
Box 5260, San Mateo, CA 94402. Phone 415—349-8080. 

For more information on dulcimer (and other folk 

instruments) kits, write: Here, Inc., 410 Cedar Ave., 
Minneapclis, MN 55440. @ 
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Fig. 3. First page of the piano score for Yankee Doodle Dandy. 
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Music Transcription Example 

A portion of the piano score of Yankee Doodle Dandy is 
shown in Figure 3. The computer source code is in Figure 
4. Let’s consider various lines of the computer code. 

0020. A slash indicates a comment, and the rest of the 
line is ignored. 

0040. 4 means that all the notes are transposed down 
four semitones. Thinking of the computer as a musical 
instrument the trick, as with any instrument, is to find the 
key which sounds best. In this case, four semitones down 
sounded ‘right.’ 

0050. Defines the key signature, in this case one sharp. 
0060. Defines the tempo. In this case, a sixteenth note 

_(S) has 40 computer cycles. NS=90 would play the tune 
more slowly. 

0080. Indicates that the measures that follow are one 
section of the piece (Part A). Part A will consist of 
everything until another P symbol. Note that Part D (line 
310) is a repeat of Part B (RB). 

0090. M1 defines the measure. It is ignored by the 
computer but is handy for debugging. A voice (or part) isa 
separate strand of music, in harmony or counterpoint, as 

in a three-voice fugue. Up to three voices may be defined 
inameasure, identified as V1 (assumed to be the first voice 
inameasure), V2, and V3. V1 usually carries the melody, or 
highest notes, V3 carries the bass, and V2 the mid-range 
voice. 

Each note is represented by a pair of symbols, one of 
which defines the tone (position on the staff) and the other 
the length (whole, half, quarter, etc.). As mentioned in the 
main text, the note lengths were halved to give the piece 
adequate tempo, hence a quarter note in the music 
becomes an eighth note in the computer transcription. 
Also, one computer-music measure corresponds to two 

0020 /YANKEE DOODLE DANDY BY GEORGE COHAN 
0030 /COMPUTER TRANSCRIPTION BY DAVID AHL 
0040 <4 
00SO Ki#e 
0060 NS=40 
0080 PA 
0090 M1 *1 4,1 AsISol6sl&sl6s1SeI il» V2@H6H6 VS@HAHA 
0100 M3 #1 4,1 40152162 Q4Q1 V2@Q6Q6H6 V3IEQAQAHA 
0110 MS *]2Q5121-3S4IS5s13s VOeHOPHOZ V3EQ3QS5Q6QD 
0120 M7 *HAI4ISIBsIS VOeH-1I-1LISI6s V3@IAQSI6I13s1SI A> 

0130 PB 

measures in the score. 14 means an eighth note of tone 4 
(i.e., a treble G). The leading asterisk (*) indicates the 
treble clef. The comma following indicates that the noteis 
to be played staccato. Voice 2 is in the bass clef ( ) and 
consists of two half notes of tone 6 (bass D). Voice 3is also 
in the bass clef and consists of two half notes of tone A 
(bass low GQ). 

Dotted notes are indicated by a period (.) after the letter 
indicating primary note length (see lines 0110 or 0140).A 
colon (:) indicates triplets. A dollar sign ($) indicates a rest 
(see lines 0120 or 0170). 

Accidentals are indicated with a sign following the note 
to be modified, for example HO# (C sharp) and HO% (C 
natural) in line 0110. 

0120. The length of a measure is equal to the longest 
voice in it. Shorter or undefined voices are filled with rests. 
Hence it is up to the user to keep track of beats and 
indicate rests for at least one voice to keep the proper 
tempo. Hence Voice 1 closes with I$ (eighth rest) in 
measure 8. 

0140. Between measures 9 anid 10 it is desirable to have 
an articulation (between “a” and “Yan” which are both A) 
otherwise they will sound almost as one long note. A 
double quote (“) gives a long articulation equal to about 
two-thirds of a sixty-fourth note. The duration of the 
preceding note is reduced to compensate for the added 
rest. 
Many other things that occur in various pieces of music 

can be handled in the Software Technology Music 
System. Even in this piece a better job could have been 
done with the short bass c-sharp in the opening four 
measures (instead of ignoring it). However, as with any 
instrument, proficiency comes with hours of practice. 

0140 M9 *Q-615"I51 41314 V2eH1H! V3@IAI 61 DI 6HS 
0150 M11 *HSQ-2"12 V2eHOOHOM V3GI9II3ISISIIISISIS 
0160 M13 *Q-SI6ISI3I2I1 VaeHOHO V301 617080604 
0170 M15 *H4Q.4°16 VOeISIIISIIISI! V39Q3Q5Q618 
0180 M17 *Q6"Q6I 4GISI6IS VEFH10104 V3IGIAPI SICISQ8QC 
0190 M19 *Q7Q6HS VO*eQ2Ql1HO V3eFI9ISIAPISI9QS™I 5S. 
0200 M21 *16Q51 4120416 VeewO# V30Q3050305 
0210 M23 *H5Q-S511 V2eHOR-0 VIE 4Q6I SI 41514 
0220 M25 *Q-61S5"I 5141314 VOeHIH! V3eIAI 61 DI 6HS 
0230 M27 *HSH2 V2eWO# VIOISISISI3I9I3I 513 
0240 M29 *£Q-SI6ISI3I2I1 V2*HOHO V301 615040604 
0250 M31 *W4 V2eISIIISIIISIIISI1 V3IEQ3050608 
0260 M33 *laslasISel6sT4el6sISells V2@H6H6 V3ICHAHA 
0270 M35 #1421 4015s162Q4Q1 VEeQ6Q6H6 V3@QAQAHA 
0280 M37 *12Q5121-3S41513 V2eHOsHOZ V3eQ30S5SQ60D 
0290 PC 
0300 M39 SHAl4™141515¢@ V2OHII1 VI@IAI6IS5I 413 
0310 PD RB 
0320 PE 
0330 M41 *H4l4ISIB V2eH-1LI-11S16 V3@IAQSI6GISISIA 

Fig. 4. Musical source code for Yankee Doodle Dandy. 

295 



Symbol Modifier 

/ (None) 

P Any letter 

(A-Z) 

R_ Any letter 

(A-Z) 
M_ Any character 

or characters 

V Digit 
(G23) 

< Hex Digit 

(0-F) 

> Hex Digit 

(0-F) 

bi (None) 

@ (None) 

4 Signed Hex 
(Oe) (0-F) 

K Digit Char. 
(0-7) (# or &) 

N Char 

(H,Q,1,S) 

= 2 Digit Hex 
(OO-FF) 

ITS TIME FOR 
YOUR FAVORITE SCIENCE 
FICTION PROGRAM 

A 

ON TV. 

% | 

Music Language Statements 
Meaning 

All characters on the rest of line 

are ignored. 

Define beginning of a part 
identified by the modifier. Any 
previous part is ended. 

Repeat the part named by the 
modifier. 

Define the beginning of a 
measure. Any previous measure 
is ended. 

All the notes following belong to 
the voice named by _ the 
modifier. 

All the notes following are 
transposed down the number of 
semitones specified by 
modifier. 

All the notes following are 
transposed up the number of 
semitones specified by the 
modifier. 

Uniess otherwise indicated, all 
notes following are assumed to 
be “+” (treble clef). 

Unless otherwise indicated, all 
notes following are assumed to 
be “-” (bass clef). 

Transpose only those notes 
following that belong to the 
current voice up or down the 
number of whole steps in- 
dicated in the modifier. 

Key signature is defined by 
number and type (sharp or flat) 
specified in the modifier. If this 
symbol group is omitted, the 
key defaults to C major (no 
sharps or flats). 

Correlates the length of the note 
type in the modifier to the length 
of a beat. 

Equates the length of a beat to 
the number of internal cycles 
specified by the modifier. 

Music System Commands 
Commands can all be abbreviated to only the first letter. 
Portions in parentheses are optional operands. 

NEW (addr1) 

FILE (addr) 

LIST (line 1 (line 2)) 

Establishes a new file beginning at 

‘addr’. 
Validates the file beginning at 
‘addr1’. 
Displays the lines in the current file 
between ‘line 1’ and ‘line 2’. 

DELETE line 1 (line 2) Deletes all lines between ‘line 1’ 

SCORE (addr1) 

PLAY (addr1) 

and ‘line 2’. 
The current file is compiled, and 
the resulting binary object code is 
entered into memory beginning at 
‘addr’. 
Generates musical tones accor- 
ding to the binary code at ‘addr1’, 

RESERVE addr1 Marks the end of the memory 
space to be used by the music 
system. 

RETURN Returns to SOLOS (or to a proper- 
ly written surrogate monitor). 

Note Specifications 
Note Modifier Name Musical Example 

#t Accidental Sharp = 
& Accidental Flat b 
% Accidental Natural h 

; Short articulation none 
= Long articulation none 
3 Staccato i 

Note Value Name Musical 
Symbol of Note Equivalent 

WwW Whole note Oo 

H Half note d 
Q Quarter note e 
| Eighth note é. 
S Sixteenth note o 
iy Thirty-second note eo. 
X Sixty-fourth note oe 

Note Musical Time Value 
Value Name Example Multiplier 

Dotted note @- 1-1/2 
Triplet oc 2/3 

$ Rest 

296 

© 
fa) 
a 
m 
> 
zl 
< 
m 

Q 
fe) 
= 
v 
ie 
a 
z 
9) 



A COMPARISON OF 

SOFTWARE SYSTEMS 

In Volumes 1 and 2 of Creative Computing we ran an in- 
depth comparative review of every book on BASIC currently 
in print. While many sources review books, few, if any, 
compare them to each other. This group review was very 
well received. 

Going one step beyond book reviews we've now 

embarked on a project to publish in-depth, comparative 

~ reviews of software and hardware/software systems. As 
with the books, these won't be based on manufacturer’s 
literature or published specifications, but rather onour own 
exhaustive tests. 

The first review of several BASIC language interpreters 
from this project appears in this issue. However, we are still 

in the formulation stage with the overall effort. 

BASIC Language Comparisons 

On what basis should a BASIC interpreter be compared? 

Number of statements? String functions? Matrix manipula- 
tion? Graphics commands? Level of FOR loop nesting? 
Richness of statements? File handling? Formatting? Timing 
functions? Probably all of the above and more. But with what 

emphasis? Frankly, that all depends upon your expectedend 
use. 
We've tried to come up with a number of reasonable 

comparative variables, although as this series of tests 
progresses, we'll surely think of more. If you have some 

ideas, please let Steve North or me know. 

Hardware/ Software Systems 
Some time ago! got it into my head that it would be neatto 

devise a test routine that could be used on everything from 

the smallest microcomputer (or calculator for that matter) to 

the largest, giant number-cruncher. With that in mind | 

recalled ‘Different Digits,’ a problem we published back in 

Vol. 1, No. 2. Geoffrey Chase, D.O.M. at the Abbey, Ports- 
mouth, RI, had devised a solution which he ran in fivediffer- 

ent versions of FOCAL, BASIC, FORTRAN and PAL. | wrote 
Geoff and asked him to devise a possible test based on this 
problem solution. He did so, and also sent a sheaf of exposi- 
tory notes on languages, EAE (hardware extended arithme- 
tic element), weird features, and the like. Some of this 

appears in this issue, although most of it will be in the next 

issue. 

| think we now have an algorithm/program (hopefully 
only the first of many) that can be run on a wide variety of 

machines in virtually any language that can really compare 

an 8080 MPU with PTCo BASIC toa PDP-8/E with Educomp 

250 BASIC to a CDC 6600 with FORTRAN IV. But let us have 
your thoughts too. Remember, we're talking about potential 

execution speed differences of 10,000 to 1!! Remember too 

that an algorithm to compute, say SIN (X)7 SQR(X) 100,000 

times is really not nearly as useful as an algorithm that uses 
a wide variety of statements, nesting, recursion, etc. andis 

long and complex enough to exercise the interpreter or 

compiler efficiency. 

Since all computers are tens of thousands of orders of 
magnitude faster than a human, does it rea//y matter how 
they compare to each other? And isn't price/performance 
ratio the crucial variable anyway? Stay tuned next issue and 
find out! —DHA 

Review of 

Five Small 

Interpreters 

Steve North 
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As someone around here keeps saying, “A computer 

without software might as well be a boat anchor” (—from 
Nautical Chinese Proverbs of Hing Yang Ahl). Whether or 

not you think computers have anything to do with boat 
anchors, the point is well taken—hardware is only half a 

computer system. It is possible to invest a good fraction of 

the total cost of a system in software alone. So what's the 
best software for you? Obviously you must take your own 

applications into consideration, but still, some interpreters 

are better buys than others. Since it isn’t practical to try out 

every interpreter on the market, Creative Computing will 

start a series of reviews on languages for 8080-based 

microcomputers. If you want, we could also review 6800, 
6502, Z-80, and F-8 software. Our reason for starting with 
8080 software is that there are simply more products being 
offered and more claims being made in the 8080 market. 

This issue we'll start with five small interpreters. Two of 

these can be had simply for the cost of reproduction, so it 

isn't really fair to compare them with products being offered 

for hundreds of dollars, but we'll do it anyway, to showthat 

there is some very good software available for almost free. 

The five interpreters we're starting with are CASUAL, Palo 

Alto Tiny BASIC, Cromemco Control BASIC, Processor 

Technology 5K BASIC, and MITS 4K BASIC 4.0. Next time 



we'll get to some of the bigger full-feature BASICs. 
Remember in using these reviews to take your own needs 

into consideration. Do you really care about computational 

speed if you just want to use your homecomputer for games? 
Probably not, since most simple games are |1/O bound. Do 

you want a fancy text editor with your BASIC? Is it worth 

hundreds of dollars to you? do you want to use external data 

files in your application? Do you plantotrytocontrol external 

devices with your computer? Or do you plan to use your 

computer solely for software development? We can collect 
facts, but in the end, it’s your money.... 

A Review of the Review 

Author, Price and Availability, and Size: Self-explanatory. 
Reliability: Bugs we've found in our use of the software. 
Documentation: There are two types to look for—operating 

instructions, and source listings of the inner works of the 

language. The first type is essential; the second is of use to 
you only if you understand machine code and wish to hack 

around with the language, modify it, or just understand how 
it works. 

Speed: We used a test program that finds two whole 
numbers such that the two numbers and their product 

contain all the decimal digits (0-9) with no repetitions. For 

more details on the test program see Geoffrey Chase's arti- 

cle right after this, and page 66 of the May-June 
1976 issue of Creative. Since interpreters that use 15-bit 
numbers (and a sign bit) for their math overflow when the 

step for checking 34 is reached, we'll run the test to 34, and 
up to 55 on the interpreters with floating-point math. If 

readers send in their own test programs we will consider 
using them. In the next installment of this review, we’!ll use 
another test program to check the speed and accuracy of 
transcendental functions. 

Features: We'll list and sometimes describe the features of 
each interpreter. Of course we can't explain everything (the 

MITS BASIC manual alone is longer than a single issue of 

Creative), so make the following assumptions for the sake of 

simplicity: 

(1) All the interpreters have a line editor (which permits one 

to enter, change, or delete lines by line number), character 
backspace, and line-delete functions. 
(2) All the interpreters have a ‘’Direct’’ mode of execution. If 

you type a statement without a line number, it is done 
immediately. If you typed 

PRINT A,B,C 
the computer would immediately respond by typing the 

values of A,B and C. This can be a handy debugging aid. 

(3) All the interpreters permit you to break a program by 
typing a character (usually control-C) at the keyboard. 

(4) Multiple statements are permitted on the same line. 

(Example: 100 PRINT A: LET Q=23: GOTO 370) 
(5) A full set of six relational operations. 
And finally, our User Comment. 

CASUAL 
Author: Bob Van Valzah 

Size: 1.6K 
Price and Availability: A paper tape can be obtained from 

the CACHE Software Library, Lloyd Smith, 530 Pierce 

Avenue, Dyer, IN 46311 

Reliability: No bugs. 
Documentation: An almost complete copy of the 
instructions anda source listing of CASUAL can be found in 

Dr. Dobb’s Journal, Vol. 1, No. 10. The remainder is in DDJ 
Vol. 2 No. 2.* 
Speed: 40 minutes to Step 34. (Stopped by operator— 
CASUAL does not check for overflow in arithmetic 

operations.) 
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Features: CASUAL is not BASIC, although it is BASIC-like. 
Instead of using keywords suchas PRINT or GOTO, CASUAL 
uses symbols such as ’.’, ‘$’, and ‘?’. There is, however, a 

close correspondence between what CASUAL can do and 

what BASIC can do. 
Commands: NEW, LIST, RUN, O (jumps to Operating 

System,) TAPE and SAVE (for loading programs from 

mass-storage devices.) 
Statements. There are only three types of statements in 

CASUAL: 
(1) 2?expression (same as BASIC PRINT expression) 

(2) leftside = rightside (same function as BASIC LET, 

INPUT, GOTO, GOSUB, RETURN, IF/THEN, DIM, and 
almost everything else in BASIC.) 
(3) expression (String input statement) 

You may atthis point be wondering how CASUAL uses 

an equivalency for all those things. GOTO and 
IF/THEN, instance, are implemented with a ‘.=’ 

structure. ’.’ is always the value of the next line to be 

executed..=500 is the same as a BASIC GOTO 500..= 
-1 will cause CASUAL to return to the line editor 
(similar to BASIC STOP or END). .=O will fall through to 
the next statement. To write IF X=23 THEN 400, you'd 
code .=400*(X=23), which will evaluate to either O or 

400. There are other symbols in CASUAL for calling 
subroutines, peeking and poking memory, direct |/O 
to any port, and other interesting things. 

Variables: A-Z, 15-bit signed integers (O -+ 32767) 

Functions: +, -, *, 7 
User-defined functions: The ‘#’ symbol is the user-defined 

function. It can be defined more than once in a 

program. It has no argument, so any variables used in 
it are common to the whole program. 

Arrays: There are two arrays in CASUAL: asingle-byte array 
(for value between O and 255) and a double-byte array 
(for regular CASUAL numbers.) The arrays are one- 

dimensional and are referenced with ‘‘(subscript) for 
the double-byte array, and (expression) for the single- 

byte array. Before using the arrays you must define 

their starting addresses in abolute memory. 

Machine-language subroutine interfacing: The machine- 
language subroutine whose address is found at 
location 3 is called when the ‘@’ symbol is found on 

the righthand side of an expression. Parameters can 
be passed both ways. 

Character strings: \n a rudimentary way. When inputting a 

string, it is placed character by character inthesingle- 

byte array. It can then be processed numerically, or 
output using ‘>’, CASUAL’s equivalent of the BASIC 
CHR function. 

Formatted print: None. 
Editing function: None. 

External files: None. 
Error messages: Seven, indicated by number. 
Extra stuff: Version .186 has TAPE and SAVE drivers for 

Tarbell cassettes. A CASUAL-VDM DRIVER is in the 
works. There are many features of CASUAL we 

haven't mentioned here—the best way to find out 

about them is to get a copy. CASUAL has an 
initializaton routine similar to MITS’ which permits 

you to delete some CASUAL features in return for 
more memory. CASUAL has no subroutine nesting 
and does not have < =or > =relational operators. 

User Comment: It’s nice (finally!) to see some non-BASIC 
languages for microcomputers. While CASUAL is a 
minimum language in some respects, and it may take some 

In case you're a hermit, Dr. Dobb’s Journal of Computer Calisthenics and 
Orthodontia is an excellent source of free software andprogramminghints. It 

concentrates mostly on low-level stuff. One issue is $1.50; one year (ten 

issues) is $12. Dr. Dobb’s Journal, Box E, Menlo Park, CA 94025. 



practice to use it effectively, it certainly does squeeze a lotof 

performance out of 1.6K of memory! Anyway, CASUAL is 
fun to use. 

Palo Alto Tiny BASIC 

Author: Dr. LiChen Wang 

Price and Availability: Paper tape can be obtained for $4, 

from Community Computer Center, 1919 Menalto Avenue, 
Menlo Park, CA 94025 
Size: 2.3K 
Reliability: No problems. 

Documentation: A complete set of instructions and source 
listing appeared in Dr. Dobb’s Journal, Vol. 1, No. 5. Vol. 2, 

No. 2 contained extensions for simple character strings, 
calling machine-language subroutines, and PEEK and 
POKE-ing rnemory. 
Speed: 31 minutes to Step 34. 
Features: 
Commands: RUN, LIST, NEW 

Statements: FOR/NEXT, GOSUB, GOTO, IF/THEN 
(followed by any statement), INPUT (with optional 

prompt string), LET, REM, RETURN, STOP 
Variables: A-Z, 15-bit signed integers (0 to + 32767) 

Functions. +. -,*, 7, ABS, RND (returns a value between 1 

and the argument), and SIZE (returns the number of 
free bytes in the system). 

User-defined functions: None. 
Arrays: PATB has one array, named ‘@’. It has a single 

subscript and uses all available memory (so it is not 

dimensioned). 

Machine-language subroutine interfacing: None in the 
original PATB. 

Character strings: None in the original PATB. 

Formatted print: Printing ‘#integer’ sets the number of 
spaces in which an expression Is printed. 

Editing features: None. 
External files: None. 

Error messages: Three: WHAT? in response to a syntax 
error; HOW? in response to overflow, a missing line 

number, etc.; and SORRY when there is insufficient 

memory. 
Extra stuff: Typing control-O stops all output until another 

control-O is entered, whichis handy for entering paper 
tapes. PATB statements can be abbreviated: G. for 

GOTO, GOS. for GOSUB, E. for FOR, and so on. 

User Comment: Palo Alto Tiny BASIC is anelegantly simple 
Tiny BASIC. It is the kind of Tiny BASIC you would expect to 
find on a big computer (if big computers had Tiny BASIC) — 

there’s nothing you can do to bomb the system! PATB is 

powerful enough to run Star Trek in just 8K of memory 
(including PATB itself)! Far out! The price seemsreasonable 

enough. 

Cromemco Control BASIC 
Price and Availability: $15 for a paper tape. from 

Cromemco, 2432 Charleston Rd., Mountain View, CA 
94043. 
Size: 3K, located at E400 hex. 
Reliability: No problems. 
Documentation. Very complete instructions are provided, 

but no source code. 
Speed: 40 minutes to Step 34 
Features: Same as Palo Alto Tiny BASIC, with the following 
additions: 
Commands: LOCK (allocates area in memory for program 

files), SAVE (saves files in locked area), EPROM (burns 

in a file on an EPROM with a Cromemco Bytesaver), 

LOAD (loads filé—opposite of SAVE), WIDTH (sets 
terminal width), NULL (number of nulls afteraCR/LF), 
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QUIT (jumps to O/S). 
Statements. PUT (stores a value in absolute memory), OUT 

(outputs to an!/0 port). 
Variables: AO-ZO. Hex literals are denoted by a leading % 

sign, as in %F5AB. 
Functions: +,-,*, 7, SGN, AND, OR, XOR, GET (gets a value 

from absolute memory), IN (input from an1/O port), 

LOC (to find absolute address of array elements), 

CALL. 

User-defined functions: None. 
Arrays: Has one other array in addition to @(X), named &(X), 

single-byte array. It overlaps with @(X) in memory. 

Machine-language subroutine interfacing: Through the 
CALL functions. Parameters are passed both ways 

through the stack. 

Character strings: Strings of up to 132 characters can be 

accessed by $(X), the way numbers are accessed by 

@(X) and &(X). String and array space intentionally 

overlap. There is a string input statement. 

Formatted statement print: Same as PATB. 
Editing functions: None. 

External files: No data files. As mentioned before, program 
files can be kept in high memory with LOCK, LOAD, 
SAVE, and EPROM commands. These programs can 
be called by other programs with a special version of 

the RUN command. A STOP in a called program will 
function as a return to the calling program. 

Error messages: Same as PATB. 
Extra stuff; None, other than the extensions already 

mentioned. 
User comment: Cromemco Control BASIC is an expanded 

version of PATB, primarily intended for process-control 

applications. For this reason it seems to be more hardware- 
oriented, while the original PATAB does not get the user 
involved in knowing absolute memory locations, hex math, 

or |1/O ports. If you need to control devices, fine, get CCB; if 

not, stick with PATB, which is smaller and faster. It is 

unfortunate that CCB is available only in copies that run at 

E400 (not zero), which many people will find to be a major 

obstacle in their use of CCB, unless theywanttoburnitintoa 
few PROMs ona Bytesaver. 

Processor Technology 5K BASIC 

Authors: Processor Technology and Applied Computer 
Technology. 

Price and Availability: Available on CUTS cassette for 

$14.50, from Processor Technology Corp., 620 Hollis St., 

Emeryville, CA 94608. 

Size: 6.6k 

Documentation: The 40-page instruction manual explains 

the features of the language with frequent examples. The 
source code is not available. 

Reliability: There are no known bugs. (An earlier release of 

BASIC/5, called 5K BASIC, did have some problems, but 

these have been cleared up). 

Speed: 26 minutes to Step 34; 65 minutes to Step 55. 
Features: 

Commands: CLEAR (clears variables), GET (loads program 
from cassette), EDIT (enters edit mode), LIST, NEW, 

RUN, XEQX (loads and executes a program). 

Statements: DIM, RESTORE, READ, DATA, LET, FOR/ 

NEXT, IF/THEN, STOP, END, GOTO, INPUT, PRINT, 

GO-SUB, RETURN, FILE (opens a data file), CLOSE 
(closes a data file), SET (to set input port, output port, 

speed of video display, memory size, and nul 

characters after a CR/LF. 
Variables: A-Z,AO-Z9, floating-point numbers (.1E-127 to 

.999999E-127). 

Functions: +, -, *, 7, ABS, INT, SGN, RND, SQR, SIN, COS, 
TAN, TAB, ARG, CALL. 



User-defined functions: None. 
Arrays: Yes, one-dimensional. 

Machine-language subroutine interfacing: With ARG and 

CALL. ARG is usedto set up parameters to be passed to 
the machine-language program. The CALL returns a 
value from two of the CPU registers. 

Character Strings: None. 
Formatted Print: Yes, by use of %specifications% inaPRINT. 

This can be used to set the number of trailing zeros, 

number of places to the right of the decimal, 

exponential format, or freeform. 
Editing Functions: An edit mode permits insertion and de- 

letions of characters on a program line. Control 

characters (or special keys on a SOL-20) are used to 
control editing functions. Simple, but powerful. 

External Files: BASIC/5 has provision for reading and 
writing data files using a Processor Tech CUTS 
cassette interface. The syntax required to use this 

feature is similar to disk file 1/0 in some BASICs, 
making it rather powerful. 

Error messages. Thirteen, by two-letter error codes. 
Extra stuff: 5K BASIC has a built-in VDM driver, with some 

interesting features: it can output at a variable rate of 

speed, halt entirely, turn the cursor on or off, or clear 

the screen. 

User Comment: Processor Tech BASIC/5 is a cheap, 
powerful BASIC. We especiaily like the cassette-file 1/0, 
which is a lot better than reading or writing data byte-by- 

byte. The only thing we miss is multidimensional arrays, but 
in view of the low price and nifty features of BASIC /5, we'll 
overlook that. If you don’t have a CUTS cassette interface 

you may find BASIC/5 to be of more limited usefulness 

since you won't be able to use the cassette-file |/0. 

MITS 4K BASIC 4.0 

Author: Microsoft. 

Price and availability: $150 (only $60 for owners of Altair 

computer, 4K RAM, and I/O module). Paper tape or MITS 

cassette. 
Size: Something over 3K. 
Reliability: No problems. 
Documentation: Extensive operating instructions are 

provided. Unfortunately, MITS lumped the documentation 

for all their BASICs together, so you must scan past all the 

documentation on 8K BASIC and Extended BASIC. No 
source code is available. 

Speed: 29 minutes to Step 34; 74 minutes to Step 55. 
Features: 
Commands: CLEAR (clears variables), LIST, NEW, RUN. 

Statements: DATA, DIM, END, FOR/NEXT, GOTO, GOSUB, 
INPUT, LET, IF/THEN, PRINT, READ, REM, RESTORE, 
RETURN, STOP. 

Variables: A-Z, AO-AQ, floating-point numbers (1.70141E 
+38 to -2.9387E-38). 

Functions: +, -, *, 7, ABS, INT, RND, SGN, SIN, SOR, TAB, 
TAN, USR. 

User-defined functions: No. 

Arrays. Yes, one-dimensional. 

Machine-language subroutine interfacing: Through the 

USR function. Parameters can be passed both ways. 
Character strings: None. 
Formatted print: None. 
Editing functions: None. 
External files: None. 

Error messages: Twelve, by two-letter error codes. 

Extra stuff: Hasan initialization dialogue permitting deletion 

of unwanted features to save space. BASIC patches 
itself for MITS interface boards depending on the 

initial position of the sense switches. We had some 

difficulty using 4K BASIC with a non-M!TS interface 
and eventually just patched out the routine which 

fixed up the |/O in BASIC. 4K BASIC will notrunonaZ- 

80 CPU. 

User Comment: A small, solid floating-point BASIC. The 
price seems rather prohibitive for people who don’t own 
Altairs, however. If you own an Altair andthe right options, 

and don’t plan to do anything too fancy with your computer, 

you might consider getting 4K BASIC. 

Some Notes 

on Languages 

and Another 

Test Installation 

Geoffrey Chase 
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HARDWARE 

16K PDP-8/E with RKO5/RK8E cartridge disk, TD8/E 
Dectape, high-speed reader /punch for paper tape. Console 
terminal (there are others): LA-36 Decwriter. 

The machine has the EAE hardware boards that enable a 
1-by-2 multiply and a 1-into-2 divide, both integer 

operations, as well as certain other operations such as 
normalize. 

The machine does not have DEC’s floating-point pro- 
cessor hardware (FPP). 

The benchmarks were taken under stand-alone OS-8. 

Fortran-2 

The Fortran-2 (DEC) takes no account of EAE hardware. 

All operations are software—simulated FPP, if you will. The 
floating format carries 27 bits of precision. 

The ‘‘hybrid”’ program uses machine-language patches to 

speed two things only (more could be done): integer division, 
and subscribing. 

The resulting code is nearly twice as fast. It is also 
shorter—the object code, that is!— eventhough the source 
code (what the programmer wrote) seems to be longer. One 

Fortran statement can generate many lines of object (binary) 
code. 



The Fortran-2 system uses as a second pass the SABR 

relocatable assembler. Lines beginning with ‘“S” are 
passed, uncompiled, to the assembler directly. 

The resulting code is less than optimum. There are many, 
often unneeded, changes or resets of memory field (core 
stack); these are especially baneful under ETOS or similar 
systems which must interpret the virtual (user's specified) 
memory field into the physical (user’s core partition) 
memory field. 

There are very many ‘‘external’’ subroutine calls, even if 

the user never says CALL or defines a FUNCTION. In 

particular, the overhead of the subscripting routine is high. 

In almost any language, some price is paid for the luxury of 
subscripts. 

The Floating Fix Problem 

PDP-8 Fortran-2 is limited to signed integers between - 

2048 and+2047. Even larger systems not infrequently allow 
values up to say, around 16,000; not high enough for the 
AHLDIG program. 

Small floating values can be truncated in any Fortran by 
INT = VALUE or INT = IFIX(VALUE) 

VALUE = INT or VALUE = FLOAT(INT). 
But floating values too large to be true integers pose a 

nasty problem. Onesolution(machine-dependent)isshown 
in the Fortran-2 AHLDIG.F2: create a suitable de- 
normalized 0.0 and add it to VALUE. 

At the Fortran-2 programming level, without recourse to 

assembler language, one could try the following: 
(1) find out how many binary bits of precision are carriedin 

your floating-point (“REAL”) numbers. These are often 
termed, rather inaccurately, “mantissa” bits. The sign bit (+ 

or -) doesn’t count; 

(2) early in the program and before repeated loops, define 
M=number of ‘‘mantissa” bits, anddefine DENORM=2.0** 

(M-1). 
Then, where the present Fortran-2 source code does a 

QUOT = QUOT + ZERO, write instead QUOT = (QUOT + 
DENORM) - DENORM. The parentheses are usually 

necessary. 
This is slower than the highly machine-dependent 

“ZERO” code shown, but it should do the job. 

Fortran is pretty rigid. There is no equivalent to BASIC’s 
INT (), nor is recursion allowedinsubroutines. About its only 

virtue—at the Fortran-2 level—is speed, and the ability to 
insert binary code. 

Note: Strictly ‘classic’ Fortran requires: 
(1) ali line numbers to be indented one space; 

(2) all WRITE formats to start with a carriage-control 
character, for example 1H (space), before all else in the 

FORMAT. 
(3) device numbers (‘‘WRITE(1,200)...”’) differ wildly from 

one system to another. 

Fortran-4 
The DEC Fortran is much more sophisticated compiler 

than the Fortran-2. It does not allow—typical of Fortran- 
4’s—inserted binary code. The output is highly optimized 
code suitable for assembly by the RALF assembler. Integer 
(fixed) values may range up to roughly 8,000,000. 

The fly in the ointment: RALF assembler code for 

execution by FPP hardware. If, like this writer, you haven't 

this rather costly option, then the run-time system must 

interpret the RALF code. So we come full circle, from 
compilation to interpretation: from speed to slowness. 

The run-time system does sense the presence or absence 

of the EAE multiply/divide, etc., hardware. My timings on 

Fortran-4 arethus very much slower than would be obtained 

on an FPP machine, but faster than would be obtained ona 
machine without EAE hardware. 
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Educomp OS-8 BASIC 
This is acompiled language with an interpretive run-time 

system that makes some use of EAE hardware if present. Not 

surprisingly, the run-time is not too much slower than 

Fortran-4’s (less than twice the run time). If, like PDP-11 

RSTS, a true integer mode were available, the two 
languages might wind up in a near-tie. 

Edu-20 BASIC (DEC) 
This is maybe a ‘worst case” for purely interpretive 

languages. FOCAL and the Educomp EDU-200/500 would 
almost certainly be faster. 

Still, pure interpreters are instrinsically slow when 

number-crunching is required. All will show a very marked 

difference in time relative to any of the preceding languages. 

(It might be mentioned that FOCAL—not shown here— 
has been considerably expanded and to some extent 

speeded by non-DEC programmers. J. van Zee at the 
Chemistry Dept., University of Washington, Seattle, 

currently markets a ‘U/WFOCAL’" thatis alarge superset of 
DEC FOCAL and runs faster.) 

Summary of Timings 

TO ‘55’ TO END 
Hr Min Hr Min 

Hybrid 22 4.9 
Fortran-2 4.1 9.4 
Fortran-4 10.1 YS} 8) 
Educomp Basic t/a! 40.8 
Edu-20 Basic 5 448 13 35.0. est. 

Hybrid by author; Edu-Basic from Educomp (Hartford); 

Others from DEC (Maynard) 

Program Listing: Fortran-4 

C "AHLINIG.F4" FAS S/T 7 

0002 INTEGER DIIGIT(10) yCHAR(3) yAv By Cx Aly AZ» QUOT 

0003 TATA CHAR /’A‘9“R%9/C%7 

0004 110 490 A = 12998 
0005 WRITE ¢€4%100)A 
0006 AL = A/Z10 
0007 A2 = A ~ 1OXAL 
9010 LPS CASS tao COMO. 49.0 
9011 IF (A2 .EQ. AL) GO TO 490 

0012 MOTIA = MODTCAs2) 

Cc «ee+WHICH GIVES MOUA = 1 IF A2 IS Olly ELSE © 

0013 ITEMF = 1L0000/7A 

0014 0 470 B = ITEMFs987 

001s N10 230 IT = 1910 

0016 230 DIGIT(I) = 0 

0017 NIGIT(1+AL1) = 1 
0020 NIGIT(1+A2) = 1 

0021. QUOT = B/10 
0022 J = RB - 1LOkQUOT 
0023 CR CU en co! SOOO 4:720 

0024 310 MODUR = MONCBRy2) 
0025 IF (A2+MODNR .EQ. 6) GO TO 470 

0026 IF (J +MODIIA .EQ. 6) GO TO 470 

C +++ KNOCKS OUT SORE ANT 6XKEVEN 

0027 IF (OIGITC1+J) .GT. 0) GO TO 470 

0030 DIGIT(i+tJ) = 2 

0031 ITEMF = QUOT 
0032 QUOT = QUOT/10 
0033 J = ITEMFP ~- LOxXQUOT 
0034 IF (NYIGITCitJ) «GT. 0) GO TO 470 

0035 NIGITC1{+J) = 2 
0036 IF (UIGITCL+QUOT) .GT. 0) GO TO 470 

0037 DIGITCL+QUOT) = 2 



0040 2S a8 210 FOR B=-INT(-10000/A) TQ 987 
0041 ITEMF = C 220 FOR I=0 TO 9 

230 IN(I)=0 
0042 NO 400 I = 194 240 NEXT I 
0043 QUOT = ITEMF/10 250 [NAL #1 
0044 J = ITEMP — 1OxQUOT 260 IN(A2) #1 
0045 IF (IGIT(ItJ) «GT. 0) GO TO 470 270 V=R 
0046 NIGIT(1+J) = 3 280 F=2 
0047 ITEMF = QUOT 290 Q=INTCV/10) 
0050 400 CONTINUE 300 J=V-10xQ | REMAINDER=LOWEST DIGIT 
0051 IF (QIGIT(C1+QUOT) .GT. 0) GO TO 470 310 IF Jx2 THEN 490 ) @) OR a 
0052 LDIGIT(C1+¢QUOT) = 3 320 M2=J-2KINTCU/2) ot TF ON: © TF) EVEN 

330 IF A2tM2=6 THEN 490 1 SxoOtn OR ELSE 6XEVEN 
Cc SUCCESS! 340 IF J+Mi=6 THEN 490 ! SAME CHECK 

350 GOSUB S70 

0053 WRITE (49150) AyRyC 360 IF F20 THEN 490 
370 C=BxKA 

0054 WRITE (49110) (CHAR(CKIGIT(CL))yI = 1910) 380 F=3 
0055 WRITE (49100) 390 VeC 

400 GOSUR 550 
0056 470 CONTINUE 410 IF FeO THEN 490 

420 PRINT " A"y" By" C" 
0057 8490 CONTINUE 430 FRINT Ayko 

, 440 FOR I=0 TO 9 
0060 STOF 450 FRINT CHR (644001) ) 3 

460 NEXT I 
0061 100 FORMAT(1H yil3) 470 PRINT 
0062 110 FORMATCIH »10A1) 480 PRINT 
0063 150 FORMAT (LHOy 20 79F 8.0) 490 NEXT B 

300 | seers 
0064 ENII 510 NEXT A 

520 STOF 
on ie 5 BO | ware 

Program Listing: Educomp OS-8 BASIC 540 V=Q 

550 Q=INT(V/10) 
100 REM. "AHLUIG. BA" V4 FAS 3/77 560 J=V-10xQ 
110 DIM 109) 570 IF Ii(J)#=0 THEN 600 
120 | ----~----~ 580 F=~1 
130 FOR A=i2 TO 98 590 RETURN 
140 FRINT A 600 NCJ) =F 
150 AL=INT(A/10) 610 IF Q9 THEN 540 
160 A2=A-10xA1 620 IF I(Q)20 THEN S80 ! AS BEFORE 
170 IF A2= 2 THEN 5S1Q0 ! ENTS IN O OR 1 630 DC Q)=F 
180 IF A2=Ai THEN 510 640 RETURN 
190 M1=A2-2KINT(A2/2) |! 1 IF Oty O TF EVEN Oe 
200 ! Ss==s5= 660 ENT! 

Timing Run: Educomp OS-8 BASIC 64 
55 
56 
67 

EXECUTE AHLDV4 S 
12 7 
ts 70 

14 R & Gu 
15 396 17820 US 
16 73 

17 74 
i8 46 7S 
19 A i € 76 
20 46 JAS 32890 77 
21 CERCCARARCC 78 
2) A (E 
aia! 47 8 345 26910 
24 48 CCCERECAAC 
25 49 
26 5 79 
27) ail 80 
A B C ae : 
27 594 16038 A R c 

CCACEECACEK 52 3S? 19084 
CCARCABRCE 

et 85 
29 53 84 
30 5 87 
31 A R (e g8 
32 54 297 16038 89 
33 CCRCAACKCE 90 

35 a5) 92 
36 56 93 
A KB C Ey 94 

3S ADS 17820 5 ¢ ae 

CCCABRBACCE 59 9% 
40 97 

37 él 98 
38 62 
39 63 STOF AT LINE 320 
A i S A kt C REALLY 
39 402 15678 63 927 58401. 

BCBABCCCCA CCKACCARCE 40 MINUTES» 47 SECONDS 
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A Creative Computing Software Report...... 

A DYNAMIC 
DEBUGGING SYSTEM 

Steve North 

Are your eyes weary from staring at 
blinking lights as you attempt to debug 
a program the hard way? Or are you fed 
up with the tedium of using a simple 
debugging monitor with only 
breakpoints to help you? If you own an 
8080-based microcomputer, then relief 
is in sight. Relief, in this case, is the 

Dynamic Debugger, written by David 
Benevy and marketed by the Computer 
Mart of New Jersey. 
The Dynamic Debugging System 

(DDS) is a software debugging facility 
for 8080 assembly-language programs. 
DDS is actually a program which helps 
you to debug your own program. A 
simple debugging monitor lets you 
enter breakpoints in your program, 
runs your program for awhile, and then 
lets you see the condition of the 
registers and program when the 
breakpoint was hit. DDS, on the other 
hand, monitors the execution of your 

program as it is going on, displaying 
pertinent information and identifying 
possible problem areas. It uses a 
softcopy device for the display (ver- 
sions are available for the Processor 
Technology VDM-1 and popular CRTs, 
but the VDM version is better, since 

information may be updated almost 
instantaneously. DDS can only be used 
on CRTs with cursor addressing.) A 
keyboard is used to communicate with 
DDS. 

The Dynamic Debugger has three 
types of functions. The first type 
controls the display of the program 
being debugged. Actually, most of the 
display is handled automatically. Atthe 
middle of the top of the screen, DDS 

displays the current program counter 
and the next five instructions to be 
executed, in easy-to-read mnemonic 
format. To the right of this is a display 
of all the CPU registers, the words they 

point to, both as hex and ASCII 

characters. The individual bits in the 
flag word are also broken up into 
mnemonics. In the 64-column version 
they are displayed as single characters 
(C for carry, for instance). In the 80- 

column version, the entire name of the 
flag (such as CARRY) is displayed ifthe 
flag is on. To the left side of the top of 
the screen, DDS displays the current 
stack pointer, the top five words on the 
stack, and the words they point to, as 
hex and ASCII characters. DSS also 
maintains its own stack of valid return 
addresses, which is displayed to the far 
left of the screen. So at a glance you 
can see exactly what’s going on in all 
the registers and the stack, and havea 

pretty good idea what your program is 
doing too. 

Now for the part of the display which 

the user controls. There are two types 
of displays you may ask for. One of 
these is ahex/ASCII display of selected 
portions of memory. There are six lines 
of display available in the 16-line 
version, and 11 lines in the 24-line 
version. These lines may be split up as 
you wish. For instance, lines 1 and 2 
could display memory from 3000 to 
301F, while lines 2 through 6 display 
memory from 2000 to 203F. You may 
also display memory as instructions 
instead of raw data. Two such groups 
of instructions may be displayed 
simultaneously. The instructions are 
displayed in mnemonic format similar 
to the display of the code currently 
being executed at the top of the screen. 
When selected, these displays are 
located in the lower half of the screen. 
These displays are requested by DM 

(display memory) and DI (display 
instruction) commands. The two bot- 
tom lines on the screen are used for 
displaying error messages and echo- 
ing keyboard input, respectively. 
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The second group of commands is 
used for manipulating the user's 
program or other data. Using the 

keyboard, you may enter bytes, words 
(groups of two bytes), or characters 
into memory; fill portions of memory 
with a constant; move blocks of 
memory, or find a combination of up to 
three bytes. You may also modify any 
of the registers or register pairs in- 
cluding the program counter and stack 
pointer, the stack itself, or the Dynamic 
Debugger’s separate stack of return 
addresses. So you also have complete 
control over everything going on in 

your computer. 
The third and most powerful set of 

commands is used to control and 
execute the program to be debugged. 
When debugging a program with DDS, 
your program never actually takes 
control of the system. Instead, DDS 

executes your program step by step, 
updating the display as often as you 
wish. (This is why it’s nice to use a 
VDM-1. The VDM can be updated very 
quickly but CRTs may take a while 
longer.) AS your program runs, youcan 
see the program counter advance, 
registers change, data get pushed on 
and popped off the stack, or portions of 
memory change. 

Stepping 
One character on the keyboard 

(ESCAPE) is used as the stepping 
character. Every time this key is 
entered, part of the user’s program is 

executed by the DDS. The exact 
number of instructions executed 
depends on the value you enter with 
the STEP command. By entering astep 
of one, the program may be single- 
stepped by hitting the stepping 

character. Or you may enter a larger 

step and run longer sections of code. 



You may also set the time delay 
between instructions, which permits 
you to execute the program slowly 
while referring to a source listing. 
Execution of your program stops when 
DDS executes the specified number of 
instructions or when you enter a key (it 
doesn’t matter which one). 

Detection 
The Dynamic Debugger gets even 

better: it not only tells you what’s going 
on, it stops when it detects something 
wrong. For instance, if you PUSHed 
more data on the stack than you 

POPped in a subroutine, there would 

normally be an invalid return address 
on the stack and your program could 
run off into the woods. By maintaining 
its own list of valid return addresses, 
DDS will stop when it thinks you're 
trying to use a bad return address. 
Since some programmers do tricky 
things with the stack such as inten- 
tionally pushing extra words on the 

stack to set up return addresses, this 
feature may be disabled. DDS also 
halts if you attempt to execute an 
undefined opcode, a HLT, or a RST. 

Error Condition 

DDS also permits you to enter your 
own error conditions. For instance, you 
can tell DDS to stop executing your 
program if the program references data 
Outside of a certain range, if the 
program reaches a specified address, if 

certain opcodes are executed, if the 
stack goes outside of a given range, if 
the program attempts to store in a 
certain location, etc. Note that for most 
of these, several conditions may be 

active at once. For instance, up to five 
opcodes may be used in the opcode 
stop option. When DDS finds an error, 
it displays an error message on the 

CALL STK SP=3FF9 ADR ---INST----- OF REGS 

2ABS = 2ABS=E404 3000 CALL CAR4 Cl AFSOOFF MZAPC 
2388 «62388-0418 .. 3003 INF 0040 C3 BC=O3NB=CD18 .. 
1234 1234-0282 .. 3006 SEH E 9H  E=2310=8303 .. 

FFOO=FFFF .. 3007 INR € OC HL=2320=C00F .. 
FFFF=C3FF .. 3008 POP H E 1 

2000 MYI 6,02 3E 2000 SHLN 2330 22 
2002 STA 2300 32 2010 SHLE  232F 22 
2005 li - teagtor cl 2013 874 2400 32 
2008 STAX I 12 2016 tk A 30 
2009 LX¥I H,2320 21 2017  JNZ 2002 C2 
cn or 201A MUI 8,02 96 

=360,0000. 

COPYRIGHT 1977 

COMPUTER RART WJ 

DDS display with DI (Display Instructions) command. 

Since DDS executes about 300 in- 
structions per second maximum, a 
standard breakpoint facility is available 
for running sections of code that are 
lengthy or critical about timing. 

Evaluation 

This is an extremely powerful 
software debugging tool. What more 
do you need for debugging programs? 
At all times you know the status of 
almost everything inside your com- 
puter and if your program has done 
something foolish. DDS might even be 
a handy tool for teaching the inner 
workings of the 8080 (provided it 
wasn’t overwhelmed by DDS). 

Anyway, | couldn’t think of anything 
critical to say about DDS, so Larry 
Stein (owner of the Computer Mart of 
NJ) mentioned a few questions people 

error line and stops executing your have asked about the Dynamic 
program. Debugger. 

CALL STK SP23FF9 ADDR --~-INST---~-- OF REGS 

2ABS = 2ABS=E604 .. 3000 CALL CAB4 CD AF=O0FF MZAPC 

2388 2388-0418 .. 3003 JHP 0040 C3 BC=O03DB=CDIS .. 
1234 1234=02B2 .. 3006 SBR ECE 9B BE=2310=8303 .. 

FFOO=FFFF .. 3007 INR C OC HL=2320=COOF .. 

FFFF=C3FF .. 3008 POP UH Ei 

0100 0000 00C3 F000 C900 00C3 CFO! CDIF COCA wrcencunuecenees 

1000 CA2B 1004 4032 DAOF 4£79 ES1F C4640 32DB .+,.@2..Ny.,.@2. 
3000 CDB4 CAC3 4000 9BOC E122 297D 31A1 2939 ....@.eee F109 

3010 1A40 CAVE 5888 D85A 233B AI7B SBEB FFFF .@..X..2H; {500% 

3020 O81A IDIE PCIE SBOS 3F39 SSAB FIA AISA woceesl a? Seeeet 

2455 £981 02A7 85B5 AFAS EDI8 A383 5469 B0CS ....cceseesaltlas 

=>60,D000. 

COPYRIGHT 1977 
COMPUTER MART NJ 

Dynamic Debugging System display with DM (Display Memory) option in use. 
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(1) Can it debug Z-80 programs? 
Well, sort of. When DDS reaches Z-80 
code, it will display an II (Illegal 
Instruction) message and wait. You 
can then continue execution if you 
want. DDS doesn’t display all the Z-80 
registers, either. So, this version of the 
Dynamic Debugger really isn’t design- 
ed for Z-80s. It’s not for IBM-370's 
either, says Larry. 

(2) What happens if you attempt to 
do an input from the keyboard which 
DDS is also using? Obviously that 
won't work out too well, because DDS 
is constantly checking the keyboard, 
since it stops whenever a key is 
pressed. The solution is to move into 
the accumulator what you were going 
to input. This is only a problem if you 
have only one keyboard in your 
system. 

(3) What happens when your 
program executes code in ROM (for 
instance, an 1/O routine)? While code 
in ROM is being executed, the DDS is 
inactive. It takes over as soon as 
control returns. to code in RAM. If the 
code in ROM doesn’t return to the 
instruction following the call, a 
breakpoint will have to be inserted. 
This shouldn’t be much of a problem 
since programs in ROM are usually 
already debugged. 

(4) How do you debug programs that 
use the VDM-1 for output? That might 
be a little tricky. The DDS does permit 
you not to refresh the screen after 
every instruction, and has a Clear 
command which completely rewrites 
the screen. Useful if your program puts 
some junk on the screen. That’s about 
the best you could ask for, since you’re 
trying to debug and output with the 
same device. If you won't like it, you’re 
welcome to your blinking lights! 

Anyway, | consider most of these to 
be rather trivial questions. 



Dynamic Debugging System Commands 

AR Address range stop request 
AS Address stop request 
BK Run at full speed until breakpoint is reached 
CALL Pushes a word on DDS’s CALL stack 
CLR Completely rewrites the screen 
DI Display memory as instructions in mnemonic format 
DM Display memory as hex and ASCII characters 
DY .. Set time delay between instructions 
EB Enter bytes into memory 
EC Enter characters into memory 
ER Enter program counter 
ER Enter register 

Enter register pair 
ES Enter stack pointer 
EW ‘Enter word into memory 
FILL Fill block of memory with a constant 
FIND Find a series of bytes in memory 
GO Same as BK except that the breakpoint is not retained 
MOVE Move blocks of memory 
OS Opcode stop request 
POP Pop a word from the stack 
PUSH Push a word on the stack 
REF Controls whether the DI or DM display is automatically updated 
RET Removes a word from the CALL stack 
RS Reference stop request 
SR Stack range stop request 
Ss Store stop request 
ST ~ Sets number of steps executed by stepping character 
TC Controls use of automatic return address validation 
VSR_ Value stop on register request 
VSB Value stop on memory byte request 
VSP Value stop of register pair request 
VSW_ Value stop of memory word request 

PUR RE ROR ORDEDER CREE DER ER EEE EE EAE EEEEE 

Se ae 

The DDS is available for $30 on 

CUTS or Tarbell cassette, and $35 
on iCOM floppy disk, from the Com- 
puter Mart of New Jersey, 501 Route 
27, Iselin, NJ 08830. It will be provided 
with a relocating loader (another nifty 
idea) which will let you stuff DDS 
anywhere in your system’s memory. 
DDS is 4K in size. Complete details on 
interfacing to your system are provid- 
ed. Despite my proclivity for finding 
problems in almost any product, this is 
one | can recommend without hesita- 
tion. Get one if you do any 8080 
assembly-language programming, or 
just like to hack around with fancy 
software! @ 

2-E -a aee 
Note: Most of these commands require arguments which are entered with the 
command, separated by commas. A period indicates the end of a command. 

6800 Programming for Logic Design. Adam Osborne. Adam 
Osborne and Associates, Inc. 289 pp., paperback. $7.50. 1977. 

With all the largely worthless books being published about 
microprocessors and microcomputers, it is refreshing to find 
one that sets its goals short of solving all the world’s problems, 
and then meets these goals with a clarity, conciseness, and 
competence not often found in other books on the same subject. 
Author Osborne’s intent is to show how assembly-language 
programs, in microprocessors, can replace discrete logic 
components. This is explained in the context of the Motorola 
6800, but is applicable to almost any microprocessor. In seven 
chapters, the last two of which are 6800 reference material, the 
reader is guided from software simulation of gates to digital- 
system implementation via programming. 

Osborne begins by showing how simple gates and flipflops 
can be replaced by small segments of assembly-language code. 
He then points out that using a microprocessor to replace a gate 

or a flip-flop is wasteful, and presents an example of replacing 
an entire circuit with a microprocessor. This circuit, used 
throughout the book, is an excellent vehicle for getting concepts 
across. The circuit is taken from an actual product, the Qume 
daisy-wheel printer, and provides a mixture of synchronization, 
timing delay, and control problems that manages to illustrate 
most of the major issues in this type of design. Again the reader 
is told that all is not perfect. The assembly-language program, 
while functionally correct, is merely a direct gate and flip-flop 
simulation of the print-wheel and hammer-control circuit. This 
is generally not the best approach as such direct simulation of a 
working digital circuit may not work due to unsuspected timing 
dependencies, lack of parallelism, etc. The circuit is then 
reimplemented, ignoring the gates and, instead concentrating on 
providing the functionality of the original circuit and preserving 
its input/output relationship. But the author is not finished yet. 
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He describes a third, and final, program with some op- 
timizations revealed by examining the problem from a software 
viewpoint. 

A unique feature of this book is that it is printed in boldface 
and lightface type. The boldface type (more sparse) presents the 
key ideas, while the lightface type expands upon them. Thus the 
reader can skip the detailed explanations when not required, 
but, upon reaching an unfamiliar topic, will find sufficient detail 
to answer most questions. The only criticism is that the diagrams 
tend to be somewhat cluttered. Particularly annoying is the 
practice of drawing arrows directly on assembly-language and 
diagram text to illustrate a point. This, however, is a minor 
problem in an otherwise fine book. 

The author assumes a knowledge of basic microprocessor 
principles. In practice, someone with a background in 
elementary combinational and sequential circuits and some 
form of programming will be able to benefit from this book. 
6800 Programming for Logic Design is not for those who get 
their thrills by playing Spacewar, but anyone who designs 
microprocessor systems, or who is interested in doing so, will 
find this book interesting, informative, and useful. 

Jeff Grossman 
Cambridge, MA 

The fellow who is a good sport has to lose to 
prove it. 

The man who is too old to learn was probably 
always too old to learn. 



AN EVALUATION OF 

THREE 8080 8K BASICS 

In choosing a BASIC interpreter or other sophisticated 
and possibly expensive piece of software for your 
personal computer, what factor should be kept foremost in 
mind? A great deal of attention is sometimes paid to timing 
comparisons. While the speed of an interpreter can be 
important in some cases, most personal-computer 

applications tend to be !/O-bound, which makes the 

internal speed of an interpreter of less significance. Just 
because one interpreter in 25% faster than another doesn’t 
make it better. However, a well-written interpreter is 
probably faster than a poorly-written one. The time (or 

speed) that’s really important in this evaluation is yours, 
not the computer’s. If it takes you five hours more to codea 
particular program in one language than in another, thirty 
seconds hardly make a difference. What most people want 
is alanguage that permits them to do what they want witha 
maximum of flexibility and a minimum of effort (of course, 
this is only true if you program to do things and 
not program just to program). Factors such as memory 
size and availability of assembly-language source code 
will diminish in importance as memory gets cheaper and 

people who don't care about assembly language start 
buying computers. Reliability will become even more 
important since the average person finds bugs and 

crashes even more annoying than the computer fanatic 

does. 
This issue we’re bringing you an evaluation of three 

8080 8K BASICs—MITS 8K BASIC, IMSAI 8K BASIC, and 
BASIC ETC. In the next issue we'll try to get to some 6800 
and maybe Z-80 software, in addition to more 8080 
software products (including a micro-APL, a BASIC-like 
pseudocompiler, a FORTRAN compiler, and a very 
extended BASIC). 

MITS 8K BASIC 4.0 
Author: Microsoft. 
Size: 6.2K with all functions retained. 
Price and Availability: $250, on papertape or MITS 
cassette. $75 for owners of MITS systems. MITS, Inc., 2450 
Alamo S.E., Albuquerque, N.M. 87106 

Reliability: No problems noted. 
Documentation: The user’s documentation for all the 

MITS BASIC (4K, 8K, and Extended) are lumped together 
in one manual, forcing the user to separate all the 

information pertaining to a particular interpreter from 
useless information on other BASICs. Theinstructions are 
above average and include examples. The source code is 

not available. 

Speed: Our original benchmark took 20 minutes to reach 
34 and 52 minutes to reach 56. SIDES3 took 43 seconds. 

Steve North 

Features: 
Commands: CLEAR (clears variables; with an argument, 

sets amount of string space), CLOAD (loads or 
checks file on cassette, may also be used as a 
program statement or command to load arrays from 
the cassette), CONT (continue after a STOP or 
control-C), CSAVE (saves a program file or array on 
cassette), LIST, NEW, NULL (sets number of null 
characters printed after a CR/LF), RUN. 

Statements: DATA, DEF, DIM, END, FOR, GOTO, 
GOSUB IF GOTO; Esl ENaINEUia sea Nex: 
ON...GOSUB, ON...GOTO, OUT (outputs a byte to 
an l/O port), POKE (stores a byte in an absolute 
memory location), PRINT, READ, REM, RESTORE, 
RETURN, STOP, WAIT (wait for a specific value at 
an I/O port). 

Variables: Variable names may be any number of 
characters in length, but only the first two characters 
are significant. Thus, MITS 8K BASIC doesn’t know 
the difference between the variables DOG and 
DOUGHNUT, because they both begin with DO. 
Range is +2.9387E-38 to +1.70141E38. 

Functions: +,-,*,/,4, ABS, ASC (returns ASCII value of 
character string), ATN, CHR$ (converts from ASCII 
to character string), COS, EXP, FRE (number of free 
bytes in the system), INP (inputs a byte from an |/O 
port), INT, LEFT$ (takes left part of a character 
string), LEN, LOG, MID$ (middle part of a character 
string), OCT$ (converts a decimal number to a 
character string of octal digits), RND, POS (position 
of the print head), RIGHT$ (right part of a character 
string), SGN, SIN, SPACE$ (creates a string of 
spaces), SQR, STR$ (converts a number to a string 
of digits), TAB, TAN, USR, VAL (converts string of 
digits to a number). 

User-defined Functions: Yes, with any number of 
arguments (such as DEF FNA(X, Y, Z)=X+Y*Z). 
String functions are also permitted (DEF FNZ$ (X$) 
=X$+"“HELLO’”). 

Arrays: Yes, with any number of dimensions. 
Machine-Language subroutine interfacing: Yes, with the 

USR function. USR has one argument which the 
machine-language subroutine picks up by calling 
the subroutine whose address is stored in locations 
4 and 5. The address called by USR is set up by 
POKE-ing memory locations 111 and 112 with the 
desired address. A value can be passed back to 
BASIC by placing it in two CPU registers and then 
calling another subroutine in BASIC. 
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Character Strings: MITS 8K BASIC has very complete 
character-string-handling features. Strings may be 
handled as scalars (X$="“HELLO”) or as arrays 
(X$(1,2)="“HELLO), etc.) Strings may contain up to 
256 characters. The plus symbol (+) is used for 
concatenation. 

Formatted Print: None 
Editing Functions: None. « 
External Files: Only to the extent of being able to save and 

load arrays from the cassette with a program 
statement. 

Error ee acges, 18, specified by a two-character error 
code. 

Extra Stuff: Control-0 is used to control the printing of 
Output on the terminal. “?” is equivalent to 

PRINT. Control-Q and Control-S are used to tem- 
porarily freeze and then continue execution of a 
program or listing. The logical functions AND, OR, 
and NOT are available. MITS BASIC has 4 initializa- 
tion dialog that permits some functions to be 
dropped to release more memory for programs. 
Depending on the sense-switch setting at initializa- 
tion time, MITS BASIC configures itself for any one 
of a variety of MITS I/O boards. 

User Comment: MITS 8K BASIC was the first widely 
available microcomputer BASIC and it has remained an 
outstanding product, a standard with which to compare 
other BASICs. Unfortunately, its high price discourages 
its use by low-budget computer hobbyists. But if you can 
afford it, this is the way to go. 

IMSAI 8K BASIC 1.4 
Author: IMSAI 
Price and Availability: $100 for a papertape or Tarbell 
cassette. IMSAI Manufacturing Corp., 14860 Wicks Blvd., 
San Leandro, California 94517. 
Size: 8.8K 
Documentation: The instructions are merely a list of 8K 
BASIC’s statements and functions with a little explana- 
tion, and some random comments on using 8K BASIC. 

Quite often the instructions are insufficient; for instance, 
the CHANGE verb is explained by “CHANGE string to 
array, or CHANGE array to string.” Since the DEC BASIC- 
Plus manual is listed as. a reference, one is probably 
expected to obtain a copy to geta better idea of how to use 
IMSAI 8K BASIC. The manual includes 113 pages of well- 
commented source code for 8K BASIC in assembly 
language. 
Reliability: IMSA!l 8K BASIC flunks the notorious 10 
GOSUB 10 test by recursing itself to death! It seems that 
IMSAI 8K BASIC never checks to see if it runs out of 
memory for the BASIC program, variables, or if the stack 
eats its way down through the BASIC program. In fact, it 
doesn’t even have an out-of-memory error message! 
There are a few other problems—according to the manual, 
strings over 238 characters can “destroy the interpreter,” 
and active FOR/NEXT loops may not be restarted. The 
floating-point math routines also need some help (did you 
know that 24200 is -1.38771E-17? Computers never lie!) 
Speed: AHLDIG: 89 minutes to reach 34, 160 minutes to 
reach 56. SIDES3: 103 seconds. 
Features: 
Commands: CON (continues execution after a STOP or 

control-C), FRE (prints number of free bytes in 
system), KEY (used to return to normal mode after a 
TAPE command), LIST, NEW (an optional form of 
this command deletes the program but not 
variables), RUN, SAVE (punches papertape of 
program), TAPE (loads papertape of program 
without echoing on the terminal), XEQ (runs 
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program without clearing variables first). 
Statements: CALL, CHANGE (convert from string to array 

or vice versa), DATA, DEF, DIM,END, FOR, GOSUB, 
GOTO, IF...THEN, IF...GOSUB, IF...GOTO, IN- 
PUT, INPUT LINE (used to input a character string 
with embedded quotes or commas). NEXT, 
ON...GOSUB, ON...GOTO, OUT (outputs a byte to 
an I/O port), POKE (stores a byte in an absolute 
memory location), PRINT, RANDOMIZE (used to 
true pseudorandom numbers), READ, REM, 
RESTORE, STOP. 

Variables: A-Z, AQO-Z9. Range is +2.7105E-20 to 
+5.7646E18. 

Functions: + ,-, *,/,4, ABS, ASCII (returns the ASCII value 
of a character string), ATN, CHR$ (converts from 
ASCIllto acharacter string), COS, EXP, INP (inputs a 
byte froman|!/O port), INSTR (used to determine the 
position of one character string within another), INT, 
LEFT$ (takes left part of acharacter string), LEN, LN 
(natural log), LOG (log base ten), MID$ (middle part 
of a character string), NUM$ (converts a string of 
digits into a number), PEEK (returns the value of an 
absolute memory location), PI (3.14159), POS 
(returns the position of the print head), RIGHTS 
(right part of a character string), RND (without an 
argument works like normal RND; with an argument, 
returns a value between one. and the argument), 
SGN, SIN, SPACE$ (creates a string filled with 
spaces), SQR, STRING$ (same as CHR$, but creates 
multiple-character strings), TAB, TAN, VAL (con- 

verts a number to a string of digits). 
User-defined functions: Yes, only one argument 

allowed. 
Arrays: Arrays may be named A-Z and have one or two 

dimensions. 
Machine-language subroutine interfacing: Yes, but there 

is no direct way to pass values between BASIC and 
the subroutine (except by PEEK and POKE). 

Character Strings: Strings may contain up to 256 
characters, but string arrays are not permitted. The 
plus symbol (+) is used for string concatenation. 
Note that the manual reports that there is a bug 
which causes the interpreter to bomb if strings 
greater than 238 characters are used. IMSAI 8K 
BASIC has a complete set of string-handling func- 
tions: 

Formatted Print: None. 
Editing Functions: None. 
External Files: None. 
Error Messages: 10, indicated by a two-character error 

code. Overflow and underflow errors are non-fatal 
(execution of the program continues after a 

message is printed). 
Extra Stuff: “2” and “!” may be substituted for PRINT and 

REM. Print statements may use single or double 
quotes for delimiting literal strings. Control-0O is used 
to control the printing of output. The NEW and XEQ 
commands provide a rudimentary facility for chain- 
ing programs together. 

IMSAI also has a expanded version of 8K BASIC 1.4, 
called 9K BASIC 1.4. This version of BASIC includes 
CSAVE and CLOAD (cassette save and load of BASIC 
program) for the Tarbell cassette interface on an IMSAI 
MIO board, an EDIT command (of the form EDIT (line 
number) (delimiter) (old text) (delimiter) (new text)),anda 
BAUD command used to change the terminal baud rate on 
an MIO board. 
User Comment: The apparent intent in writing IMSAI 8K 
BASIC was to make it as close to DEC BASIC — Plus as 
possible. In fact, 12K BASIC was supposed to be 
completely compatible with BASIC-Plus. But alas, along 
the way, IMSAI 8K BASIC got derailed. There are still 
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some serious problems that need to be ferretted out before 
IMSAI 8K BASIC can compare with the quality of IMSAI’s 
hardware products. But we do like the idea, and hope that 
IMSAI will finally clean up this interpreter. Incidentally, 
PEEK, POKE, CALL, INP, and OUT are not BASIC-Plus 
syntax—more like MITS BASIC. Obviously, what’s great 

for some computers may need some alteration for micros. 
One other comment: we remember reading in IMSAI ads 
that 4K, 8K, and 12K BASIC would be free to all registered 
IMSAl owners. Now the price is $100. In its present form, 

MITS 8K BASIC at $250 seems like a better buy. 

BASIC ETC. 
Authors: John Whipple and Dick Arnold. 
Size: 9K 
Price and Availability: On papertape, Kansas City or 
Suding cassette for $25. Binary Systems, Inc., 6345 
Central Expressway, Richardson, 75080. 
Documentation: The 30-page instruction manual includes 
examples and is generally satisfactory. Details on 
customization are included. The source code is not 
available. 
Reliability: BASIC ETC flunked the 10 GOSUB 10 and the 
10 RETURN tests. It also inserted its own line in our 
benchmark program when a variable overflowed. In none 
of these cases did the interpreter actually blow up, but it 
did damage the BASIC program. 
Speed: AHLDIG: In real mode, 39 minutes to reach 34, and 
100 minutes to reach 56 (the end of the test). In integer 

mode, about 24 minutes to reach 34. SIDES3 could not be 
run, because there are no trig functions. 
Features: 
Commands: LIST, LOAD (loads program and variables 

(optional) from cassette), NEW, NULL, (sets number 
of null characters printed after a CR/LF), RUN, SAVE 
(save program and variables (optional) on cassette). 

Statements: DATA, DIM, END, FOR, GOSUB (with an 
optional list of expressions passed to the sub- 
routine), GOTO, IF, INPUT, LET, MEMW (stores a 
byte in an absolute memory location), NEXT, OUT 
(outputs a byte to an I/O port), PRINT, PRMT (sets 
prompt character used in the INPUT statement), 
READ, REM, RESTORE, RETURN, SD (sets number 
of significant digits, 6-72, used internally), STOP, 
S$SPC (sets amount of string space), VAR (used by 
a subroutine to pick up arguments passed to it by the 
calling program), ZONE (sets width of numeric print 
zone). 

Variables: A-Z are integer variables (0 to + 32767). AO-Z9 
are real variables (1E-62 to 9.99...E62). 

Functions: +,-,*,/, ABS, FLT (converts from integer to real), 
FRE (returns the number of free bytes in the system), 
IN (inputs. from an I/O port), INT (converts from real 

to integer), LEN, MEMR (returns the value of an 

absolute memory location), RND, SQR, USR, VAL 
(converts a string of digits to a number). 

User-defined functions: Yes, but not stardard BASIC. 
User-defined functions are numbered FNO through 
FN7 and may have one argument that’s represented 
in the function definition by a pound sign (#). For 
instance, DEF FNZ(X)=27*X in normal BASIC is 
written as FN2=27*# in BASIC ETC. Strange! 

Arrays: Multidimensional arrays are supported. However, 

only real arrays are permitted and they must have 
real variable names. Thus, DIM Q(10) is illegal but 
DIM Q7(N) is OK. The subscripts must be integer 
mode expressions. 

Machine-language subroutine interfacing: Provided by 
the USR function. Arguments are passed both ways 

with two CPU registers. 

Character Strings: Yes, but they are merely alternate 
representations of real variables, not distinct. Thus 

AO and AO$, and B9(1,2) and B9$(1,2) actually 
represent the same data. This eliminates the need for 

string-handling functions. The plus symbol (+) is 
used to concatenate strings. There is a provision for 
taking substrings in BASIC ETC. Obviously, not 
standard BASIC. 

Formatted Print: The ZONE command can be used to set 
the number of positions in the numeric PRINT zone. 
BASIC ETC also has a non-standard form of PRINT- 
USING with integer, real, exponential, ane ASCII 

specifications. 
Editing Functions: None. 
External Files: None. 
Error Messages: 27, specified by a three-digit number (100 

to 126). 
Extra Stuff: None. 
User Comment: BASIC ETC is cheap and it does work, but 

we don’t care for some of its non-standard syntax. For 
instance, there is no THEN in an IF statement! To write an 
IF... THEN, you use the colon (multiple-statement 
separator) in place of THEN, as in IF X=1: PRINT “HI”, 
which probably saved someone three or four bytes in 
writing BASIC ETC. But the really annoying thing is that 
BASIC ETC distinguishes between integer and real data 
types, and you're not allowed to say for yourself if you 
want X5 to be an integer or a real number. True, integer 
math in BASIC ETC in significantly faster than real math, 
but this isn’t standard BASIC. Mixing of integer-data types 
with real-data types is not permitted (so PRINT 2*X5 
bombs, because BASIC ETC decides that the expression 
must be an integer since 2 is an integer). Further, there is 
no actual INT function in BASIC ETC. To get the integer 
part of a real variable you can always resort to 
X5=FLT(INT(X5)), which only works for certain values of 
X5. We could go on, but you get the idea. BASIC ETC is 
not, in some areas, anything like any other BASIC we've 
used. BASIC ETC is the most inexpensive floating-point 
BASIC we've tested so far. @ 

New Benchmark 

Program 
We’re introducing a new benchmark program, SIDES3, 

written by Geoffrey Chase. (He also sent us a nifty 
Heapsort benchmark which we didn’t have time to use 
yet). SIDES3 will be used primarily to test the speed of a 
language’s function library, on the assumption that if the 
trig functions are fast, then the rest of the function library 
also is, since programmers are usually consistently tricky 

or conventional. Geoff reports the following results: 
EDU-20 BASIC, 

Geoffrey Chase 

one-user configuration 197 seconds 
OS/8 FORTRAN IV 8.8 seconds 
FORTRAN-2 with E.A.E. hardware .27 seconds 
U/W FOCAL Version R 

(carrying 10-place accuracy) 32 seconds 
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SIDES3 3/30/77 EDUCOMP BASIC V2.0 

110 ! PAS 3/77 for benchmarking 
112 INPUT AS 

100 REM. Prodram to solve S.S.S. (diven 3 sides of a triansle) 
! 

115 FOR I=1 TO 100 ! benchmark -- otherwise very stupid |! 
120 RESTORE 
125 READ ArBrC 
130 IF C>=A THEN 170 
140 T=C 
150 C=A 

160 T ! SWAP ‘EM 
170 C>=B THEN 210 
180 
190 
200 
210 5 USE LAW OF COSINES 
220 xC - AXA - BKB 
230 U=U/(-2xAXB) tu 
240 IF U=0 THEN 300 ! B 
250 U=SQR(1-UxU)/U au 
260 U=ATN(U) !u 
270 IF U>=0 THEN 310 : 
280 U=U+FI ! correct the auadrant 
290 GOTO 310 

CABOAHD mann ima QOzAwo 

Py 

TANCANGLE ’C’) 
ANGLE opposite to side 

= COS(ANGLE ’C’) opr. to side ‘c’ 

eware of 90 DEGR. (PI/2) 

to! 

300 U=PI/2 ! this ‘BASIC’ keers a permanent ‘PI’ 
310 A1=U 
320 R=SIN(U)/C_ ! sin/opr. side? constant for triangle 

330 REM. “Now look at side ’a’ and opr. andle ‘A’ 
340 U=AXR ! U=SINCA) 

350 GOSUB 530 
360 AZ=U 
370 U=EXR 
380 GOSUB S30 
390 AS=U 
395 NEXT I ! end of benchmark. 
400 PRINT 
410 PRINT “SIDE A ="sAy* “»"*SIDE B ="sBRy" “ye *SIDE C ="*5C 

420 PRINT 
430 PRINT “ANGLE A* xA2s"RALIANS' 
440 U=A2 
450 GOSUB 600 

460 FRINT “ANGLE B",sA3s "RADIANS" » 

470 U=AZ 
480 GOSUR 600 

490 PRINT "ANGLE C*vAls *RADIANS*» 
S00 U=A1 
510 GOSUER 600 

520 GOTO 700 

530 IF U=1 THEN 570 

540 U=U/SQR(1-UxU) 

550 U=ATN(U) 
560 GOTO S80 

570 U=PI/2 

580 RETURN 

1 Oa 

600 U=Ux180/FI 

610 D=INT(U) 

620 U=U-I 

630 U=U*50 

640 M=INT(U) 

650 U=U-M 

660 U=UxX60 

670 S=INT(Ut.5S) ! seconds 
680 PRINT [le "destr."sMe "mine "FSF "sec," 

690 RETURN 

695 DATA 1207 207,844» 120 

700 END 

U becomes tangent 

to dedrees 

minutes 

SIDES3- 3/30/77 EDUCOMF RASIC V2.0 

a 

Beware of 90 DEGR. (PI/2) 

SIDE A = 120 SIDE B = 120 SITE C = 207.846 

ANGLE A +5236 RADIANS 30 degr. O mins O Sec. 
ANGLE EB +5236 RADIANS 30 degr. O min. O sec, 
ANGLE C 2.09439 RADIANS 119 desr. SP min. 

REALY 

AROUND 6.6 SECONDS...++++(UNTIL FRINTING BEGAN) “U 

Program Notes 
Why swap A,B,C? 
(a) This is inherited from a test program that did a run- 

time INPUT. (Kill 112 through 125, write “120 INPUT 
A,B,C.” Also kill 395 and 695, natch.) 

(b) The arc cos (effective) is sensitive to quadrant. If Cis 
the largest side, the opposing angle is the only possible 
obtuse angle and gets trapped rather neatly. Otherwise 
one would have to move cautiously with the (effective) arc 

60 sec. 

sin — the value returned might need replacement by 180° 
value, or not. This gets rather nasty. 

(c) | have versions of the A.K. Head recursive arc sin and 
arc cos for BASIC. Slow, but they can be useful. No need 
to worry about (2h-1)-90°! @ 

SNOBOL, 
SPOKEN 
HERE 
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“Didn't | warn you it would lead to this? First your 
boss asks you to bring home a little book work, 
then typing, then a few reports to write up...!” 



Two Space Games (With Graphics! 
For YourHome Computer 

Do you ownaCromemcoTV Dazzler ora 

Processor Technology VDM-1? If not; 
and if you're a fancier of space games, 

you might want to get one (or both)! 

Space games for personal computers 

with graphics have arrived, inthe form of 

Cromemco’s SPACEWAR and Proces- 

sor Tech's TREK 80. These games offer 

you sophistication you won't find in any 

coin operated machines. 

SPACEWAR 
Of the two games, SPACEWAR 

provides more impressive graphics— 

because the TV Dazzler was designed 
with graphics in mind, while the VDM-1 

does a better job of displaying charac- 

ters. SPACEWAR is modeled closely on 

the old Spacewar game which has been 

around for years. It’s played on a TV 

screen which represents the galaxy. 

However the galaxy isn’t planar. If you 

drift off one side of the screen, you 

reappear on the other side, so actually 

the galaxy is a sphere. The four corners 

of the screen represent the same point, 
the point furthest from the center. The 

objects inthe galaxy are the spaceships, 

torpedoes, stars, and the sun. 

Within this portion of space, the two 

combatant’s spaceships travel arounda 

SPACEWAR display, with whirling swastika-like 

sun at center, toward which spaceships are 

attracted by gravity 

Steve North 

central sun and are attracted to it by 

gravity. The spaceships are controlled by 

Cromemco JS-1 joystick consoles. Push 

the stick forward, and your ship 

accelerates. Push the joystick to the 
right or left and your ship rotates 

clockwise or counterclockwise. Push 

button one on the joystick console, anda 

torpedo is fired from the nose of your ship 

in a direction relative to that of the 

vessel. The object of the game is to blow 

up your opponent's ship with a torpedo, 

while your ship remains intact. Youhave 

32 torpedos and 30 seconds worth of 
fuel. Torpedos self-destruct after a short 

period. Their range is thus limited by 

their speed. If button 1 is held down, 

torpedoes will be fired in a machine- 

gun-like fashion at the rate of 2 per 

second. Pull the stick all the way back, 

and you enter hyperspace. After a few 

seconds your vessel pops out of 

hyperspace in a random location, but 

disguised as a star. After a few more 

seconds, the star turns back into your 

vessel, with arandom course and speed. 

So what's to prevent you from 

hyperspacing continuously? First, a 

timer prevents you from re-entering 

hyperspace immediately after exiting. 

Second, when you exit hypespace, there 

is a 1/8 chance of blowing up. Third, 

while your ship is astar itis vulnerable to 

attack. Hyperspace is best used only asa 

last resort to escape an opponent's 
torpedo which can't be shot down. 

As mentioned before, there is some 

additional scenery in this game. The 

slowly rotating star field basically 

functions as background, probably to 

hide ships when they pop out of 

hyperspace. The sun, at the center ofthe 

screen, has a gravitational effect which 

can make for some interesting maneu- 

vers. If your ship falls in, it gets split up 

into all four corners of the screen(which 

isn't fatal, since they representthesame 

point). By setting console switches atthe 

start of play, you can eliminate the 

Starfield, eliminate the sun, or make the 

sun lethal, which means that if you fall 

in, you lose! (This is preferred for 

“serious play.) 
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TREK 80 
TREK 80, as all you Superbrains will have 

guessed, is based on Star Trek. Actually 

TREK 80 has borrowings from both the 

standard matrix-oriented Star Trek 
game (such as Super Star Trek) and 

TREK 73, arather sophisticated pseudo- 

realtime Star Trek in HP 2000 BASIC 

(no, don't write for copies, please). 
TREK 80 is a real-time game, as 

opposed to most Star Treks in BASIC 
which let you enter acommand, execute 
it, stop all the action and get another 

command, etc. In TREK 80 things are 

happening while you type incommands. 
It’s played in 10-by-10 galaxy sectors, 

with the following objects: the Enter- 
prise (you), Klingons, space mines 

(which explode when disturbed), 

starbases, and unknown objects. All the 

data needed for playing TREK 80 is 

displayed on the VDM constantly. The 

short-range scan is placed at the center 

of the screen, with the long-range scan 

in the upper left, status report in the 

upper right, and miscellaneous mes- 

sages displayed in the extreme bottom 

section of the screen. Also onthescreen 

are akey tothe short-range scan, alist of 

commands, and a place for you to type in 

commands. All these displays are 

updated constantly, so that as. you're 

warping through quadrants, you see 

them on your short-range scan and the 

adjacent quadrants on the long-range 

scan. Here’s a brief rundown on the 
TREK 80 commands: 

Warp engines: As in regular Star Trek, 
they are usedto move you from quadrant 

to quadrant. But in TREK 80 you merely 
specify the course, not warp factor. The 

ship then moves at a constant speed in 

the designated direction, and stops 

when you enter a new command. 
Impulse engines: Basically the same 

as warp engines, except that they move 

you only within your present quadrant 

and shut down upon entry into an 
adjacent quadrant. 

Phasers: You enter the direction of 
phaser fire andthen they zap whateveris 
in the way. 

Torpedos: Same as phasers except 



- SCOTT: CAPTAIN, fie : 
“TWAT RATE 

TREK 80 display, with short-range scan at center 

more powerful. 
Energy distribution: You are permited 

to alter the percentage of energy 
allocated to any of the devices on the 

ship. Our use of this command has not 
been entirely successful because the 

ship blows up almost every time we use 
It. 

Experimental ray: A very interesting 

feature, because you never know what 

the experimental ray is going todo. Itcan 

make the Klingons invisible, destroy all 

the ones in your quadrant, freeze time 

for the Klingons, jumble the quadrant, or 

disturb the space in your quadrant. Itcan 

also cause a “computer malfunction,” 

which means it puts the system in an 

infinite loop! 

Pods: There are two commands for 
control of antimatter pods, Aand X. They 

seem to refer to launching pods and 
exploding them respectively. 

A Brief (Yet Useless?) Comparison 
Why do we Say useless? Because who 

in their right mind is going to buy $200to 

$500 worth of hardware to play a $15 
game? But as long as we're beating this 
thing to death... 

Obviously SPACEWAR is the more 
visually striking game of the two. 
However it does predicate that you have 
more of an investment in hardware then 
TREK 80 (a TV Dazzler, A/D, and two 

Joystick consoles, vs. a VDM-1). Although 
the rules for SPACEWAR seem simpler 
than those of TREK 80, it is a bit difficult 

to master the controls, since what you 
control is your acceleration, not velocity 
or position. Of course, that’s probably 

more realistic, and certainly more 

challenging. Because of the graphic 
capabilities of SPACEWAR, you can try 

out some interesting tactics—like 

sending torpedoes off one end of the 
screen, so they will appear from 

nowhere on the other side; or using the 

sun for a slingshot effect to save fuel. 
TREK 80 is a much more complex game 

(from the user’s viewpoint—offhand, 

the idea of programming SPACEWAR in 
machine code seems a little over- 

whelming). 

It might be helpful at this point to note 

that our experience with playing TREK 

80 was alittle, uh, unique. Wetrieditout 

on a newly acquired Sol System, 

courtesy of Processor Technology. 

Unfortunately the Sol temporarily had 

the wrong character generator ROM in 

its VDM. The symbolic character 

generator displays control characters as 

special freaky symbols such as back- 

wards question marks, check marks, 

little lightning-bolt-shaped characters, 

etc. These symbols are used by TREK 80 
to represent the objects in the short- 

range scan. Our VDM displayed the 
control characters as_ infinitesimally 

small two-letter abbreviations, so it was 
almost impossible to tell who was what 

on the short-range scans. We also did 

not have the instructions to TREK 80, 
because as of this writing they don't 
exist (though Processor Tech will give 

you the instructions when you buy the 

game). Consequently our style of play 

was rather strange. While | would have 

preferred a more rational, conservative 

approach, Dave Ahl seemed bent on 

blowing up as many objects as possible 

without regard for what they were. (We 

got the correct character generator afew 

days later and it enhanced play 

considerably.) 

If you're the kind of person who is 
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easily bored by games like Pong, youmay 

find the same to be true of SPACEWAR 

after a while (although we doubt it). Of 
course not everyone likes Star Trek 

games either, so you Il have to decide for 

yourself. One feature of TREK 80 we 

liked was that, at the start of the game, 

you are permitted to set the speed of the 

simulation. GPACEWAR is always 

played at the same speed—dquite 

possibly because it is a very complex 

simulation and the system may be 

computing at full speed. SPACEWAR 
has to move all the objects in the galaxy 

around at the same time, and check to 

see if any are getting too close, since 

torpedoes can detonate each other. (This 

type of problem is also foundin TREK 73, 
the simulation-type Star Trek game 

mentioned before, which really bogs 

down when many objects have to be 

moved around.) At maximum speed in 

SPACEWAR, your vessel can cross the 

screen in about one second. However 

this can only be done by first constant 

burning in one direction for thirty 

seconds. The controls do seem a little 
sluggish, which may also contribute to 

the difficulty inlearningtooperate them. 

This criticism of SPACEWAR should not 

be interpreted to mean that it’s not a 
fantastic game, though! After a few 

hundred hours we can vouch to it’s 

addictive effect. Besides, microcom- 
puters are not noted for their high 

computing speed. One thing about TREK 

80—all the courses are in integers, Oto 
7. Is that bad? Maybe not. It’s almost 

quicker to just move up a sector or two, 
than it is to try to figure, ‘‘Is that going to 

be a 5.6 or a 5.7?” TREK 80 apparently 

already uses all the graphical capabil- 

ities of the VDM, while SPACEWAR is a 

black-and-white game which could be 

more exciting if color were used. 
Imagine, one ship green, the other blue, 
yellow sun and exhaust, white stars, red 

torpedoes, big colorful explosions when 
someone gets hit! The truth is that though 

you can think of improvements for 
almost any game, these games are 

fascinating as they are now—our hats 

are off to the people who programmed 

them, /n assembly language! And, not to 

show any kind of partiality, if any of the 

manufacturers of other video devices 

(such as Merlin, etc.) have any 

interesting graphic games, we'd be 

happy to try them out. 

Sources 
SPACEWAR is available on paper tape 

with complete documentation for 

$15.00 from Cromemco, 2432 Charles- 
ton Road, Mountain View, CA 94043. 

(415) 964-7400. 
TREK 80 is available on cassette tape 

for $9.50, or on paper tape for $14.50; 

both with complete documentation, 

from Processor Technology Corp., 6200 

Hollis Street, Emeryville, CA 94608. 

(415) 652-8080. & 
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A Bushel of APL 

The Reviews Editor gave me a bundle of publications on 
APL all at once, so it seems proper to do a composite review. 
But first it might be appropriate to introduce APL to those 
who are not familiar with it. So far it has not swept the 
microcomputer field, but the entry has begun, and APL has 
generated as much heat and argument as any computer 
language. It has raised antagonism and won fanatic devotees 
and we should at least be aware of APL’s existence. 
APL began with Kenneth E. Iverson’s book A Programming 

Language (Wiley, 1962). Hence the name APL. So many of the 
hot topics of today — microprogramming, stack computers, 
associative memories — are covered in that book that one 
despairs how slow, not how fast, progress in computing is. 
Iverson then began working with Adin Falkoff at IBM to 
implement the language. In that process the syntax of APL was 
modified to its current form to make it more suitable for 
computer use and implementation. In the meantime APL was 
used in publishing the formal definition and description of the 
then-new IBM System/ 360 series of computers in 1964. In 1966 
the first implementation, A PL/360, became available to users. 

By design, APL is a language to be used from an interactive 
terminal. Editing, tracing, error messages, and other debugging 
facilities are an integral part of the language, not ad hoc 
facilities added more or less well, and differently, to each 
implementation. It is also a language inherently suited to run- 
time interpretation, rather than compilation and subsequent 
execution of compiled code. Indeed, it is generally claimed that 
APL cannot be compiled at all. However, it can benefit greatly 
from the inclusion of special facilities in the microprograms of 
host computers as, for instance, is the case with the APL 
ASSIST feature on later models of the IBM System/370. | 
predict that soon you will be able to buy off-the-shelf ROMs 
for most microcomputers preprogrammed with APL inter- 
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preters. But you will also need up to 64K bytes of working 
storage and a terminal with the APL symbol set. This latter 
point has some people upset, APL uses its own symbol set 
which has over 60 special characters in addition to the alphabet 
and digits. Some of the special characters are overstrikes, 
composites of two symbols. While implementations of APL 
that allow the use of ordinary ASCII terminals exist, | cannot 
imagine using it this way. In ASCII the special APL symbols 
have to be represented by the dollar sign trailed by two more or 
less mnemonic. characters, and the whole flavor of the 
language, and the concise and clear statement form, are lost. 

The “natural” data item of APL is the array, of any rank. 
Scalars, of rank 0, are a special case and sometimes behave 

rather differently from what would seem to be the same, a 
vector of one element only. The basic scalar data types of 
which arrays may be composed are numbers (some implemen- 
tations distinguish between integers and _ floating-point 
numbers internally, but transfer functions are applied 
automatically), characters, and logical values. The scalar 
functions of APL are so called not because they only take 
scalars as arguments but because they operate on arrays 
element by element, while the mixed functions may operate on 
arrays as a whole. All APL functions defined by the user are 
potentially recursive. They .may have local variables and the 
scope rules for these are dynamic, not the static scope rules of 
block-structured languages. If you think about it, this is a 
necessity with the interpretive nature of APL. The “unit” of 
APL is not a program, as in other languages, but the 
workspace. This may contain both variables and user-defined 
functions. A workspace may be filed and retrieved without 
harm to the values of its variables; indeed, it is possible to 
suspend functjon execution, save the workspace, and later 
retrieve it and resume execution. 



Currently, APL is available on most timesharing systems 
and one worldwide service. 1. P. Sharp & Associates Ltd. and 
Scientific Timesharing Corporation offer no other language on 
their bureau machines. Among IBM (US) employees there are 
reputed to be 28,000 active users of the language. It is taught at 
many schools and colleges. I know of one program in which all 
students at a nearby junior high school learned APL for some 
years, until the school board cut the funds for computer access! 

Now to the books. 

* 

APL An Interactive Approach. Leonard Gilman and Allen J. 
Rose. John Wiley & Sons Inc. 378 pp, paperback. $11.95. 
Second edition revised, 1976. 

Introduction to APL and Computer Programming. Edward 
Harms and Michael P. Zabinski. John Wiley & Sons Inc. 
400 pp, paperback. $10.95. 1977. 

x6 

Both of these books are addressed to the beginning student 
with no prior knowledge of computers or APL, or 
mathematics. But they also serve well as teaching manuals for 
those who have some previous experience with programming 
and wish to learn APL. At first sight this may seem an insult to 
the experienced programmer. These, and most other, APL 
texts are so full of seemingly trivial and repetitious exercises 
that they could not possibly serve other than the novice. But 
that is the point, the novice at APL. All of us carry a burden of 
assumptions from our first introduction to mathematics in 
school. Expressions are evaluated from left to right and there is 
a divinely ordained order of precedence amongst the 
arithmentic operators, or functions. APL violates both these 
comfortable illusions. In APL all expresstons are evaluated 
right to left, and there is no precedence of operators other than 
that imposed by parentheses. The novice must shed previous 
assumptions, and the drill is the way to do that. Hence both 
texts assume that the student has ready access to an APL 
terminal and system to complete the exercises and to 
experiment. 

It is difficult to choose between the books; any choice is 
probably a matter of personal taste. We do have some years’ 
experience with Gilman and Rose with our own students, and 
they have no complaints about it. The other book is too new to 
assess that way. 

While Gilman and Rose tend to introduce examples of APL 
applications as soon as the necessary functions and operators 
have been explained, the Harms and Zabinski book is in two 
parts, the first defining the language and the second giving 
examples of its application. The examples are also much better 
indexed. .Both books cover examples ranging from 
mathematics thru scientific and engineering applications to 
data processing and commerce. Users of implementations on 
other than IBM systems will need their particular manuals in 
addition to either book to cover local log-on procedures, mass- 
storage facilities, and some tracing and debugging operations 
that relate to the system, and for other local system features. 

The student exercises in both books are very comprehensive 
but where Gilman and Rose offer solutions to all problems, 
Harms and Zabinski provide only solutions to every second 
exercise. 

* 

The rest of the items to be reviewed are all from APL Press, 
Box 378, Pleasantville, NY, 10570. Payment must accompany 
any order, except for schools and libraries, but unlike most 
publishers APL Press offers quantity-purchase discounts to 
private individuals, on the following scale of total single order 
value: over $30 - 15% over $100 - 20%; over $300 - 25%; over 
$1000 - 30%. 
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ALGEBRA: An Algorithmic Treatment. Kenneth E. 
Addison-Wesley Publishing Co. and APL Press. 
paperback. $9.35. 1972. 

Iverson. 
361 pp, 

Solutions to Iverson’s Algebra. Janet A. Iverson. APL Press. 
42 pp, paperback. $1.50. 1976. 

Elementary Analysis. Kenneth E. Iverson. APL Press. 218 pp, 
paperback. $6.25. 1976. 

CALCULUS in a new key. D. L. 
paperback. $8.00. 1976. 

« 

Orth. APL Press. 286 pp, 

The three texts (and one manual of solutions to problems) 
offer an introductory course in mathematics at the high-school 
and college level. Alternatively, anyone reasonably confident in 
mathematics can use them to learn APL, although one of the 
texts reviewed earlier would probably be better for that. 

The three texts form a series in the order listed above. The 
student is introduced simultaneously to algebra and to APL in 
the first book by Iverson. Teachers, and probably students too, 
should first read the two excellent appendices on “Algebra as a 
Language” and “Use of the Computer in Teaching.” The first 
explains Iverson’s view of mathematics and of the importance 
of particular mathematical notations in explaining, or 
obscuring, problems, and the second outlines how the 
computer can be used by the teacher to enhance comprehen- 
sion of material in many subject areas. If, that is, the computer 
can be programmed in a pedagogically useful way. While 
access to an APL system is not essential, any course based on 
these texts should really be planned on the basis of regular use 
of the computer to complete the problems presented. 

The mathematical style and approach of this series may be 
offensive to an older generation of mathematicians for whom 
vulgar computation, the generation of results, is best left to 
clerks while they contemplate the elegance of their for- 
mulations. But it turns out that APL notation does lead to 
elegant mathematics and is very helpful in suggesting solutions 
at the same time as it ensures rigorous expression. It also aids 
comprehension. My son is in Grade 7, and although he would 
still rather play football than read algebra, he can yet already 
make sense of the early chapters. 

The other two volumes continue on from the introduction to 
algebra; here there is of course less emphasis on APL as a 
language and more on the mathematical treatment. Whether 
the approach chosen here is better than the conventional one 
cannot be judged out of thin air, it would require the opinion of 
teachers who have used the older approach and then these 
texts, after becoming sufficiently familiar and skilled in APL. 

* 

APL in Exposition. Kenneth E. Iverson. APL Press. 61 pp, 
paperback. $1.00. 1976 

Introducing APL TO Teachers. Kenneth E. Iverson. APL Press. 
25 pp, paperback. 75c. 1976. 

An Introduction to APL for Scientists and Engineers. Kenneth 
E. Iverson. APL Press. 26 pp, paperback. 75c. 1976. 

x 

These three booklets were originally published as IBM 
Technical Reports in 1972 and 1973. They are aimed at 
introducing teachers and members of the scientific and 
engineering community to APL. 
APL in Exposition gives a basic introduction to APL and 

then devotes 6 to 10 pages each to illustrations of the use of APL 
in teaching various topics ranging from coordinate geometry 



thru logic to electric circuits. For computer buffs the most 
interesting things are a complete simulator for an 8-bit- 
wordsize, 8-instruction, 32-word-memory computer in two 
APL functions comprising 14 lines of code. An assembler for a 
symbolic assembly language for this machine to translate mnem 
nic opcodes and symbolic addresses to binary is given in seven 
functions totalling 19 lines. Or, if you would rather have a 
simulator that executes simple APL functions directly, that 
takes a function of a mere nine lines, but needs 19 auxiliary 
functions of 30 lines in all to transform APL statements into its 
required internal representation. By now you might have 
guessed that APL is indeed a very concise language! User- 
defined functions of but a single line, doing useful work, are 
common, even tho APL users have outgrown their early childish 
delight in the “one liner,” the lust to write as complex and 
powerful a statement as the language will allow, without regard 
to comprehensibility. 

Introducing APL... is largely a set of exercises, intended to be 
completed at the terminal in 15 to 20-minute sessions, five to six 
hours in all, for teachers who wish in turn to introduce their 
students to the computer and APL. The exercises come in sets, 
each ona particular topic, designed as a terminal session per set. 
The first one or two exercises of a set come with solutions to 
reinforce the student’s confidence, and the next one or two draw 
out the user’s skill in applying the knowledge already gained. 
The topics covered are those of interest in teaching mathematics 
and science in high school, graphs and power functions and 
statistical measures and the like. 

An Introduction to APL... builds ona knowledge of vector 
algebra to teach APL and the use of the computer in scientific 
and engineering applications. Somehow this booklet lacks the 
sparkle and enthusiasm of the others. It is a potboiler, with 
examples too pedestrian and narrow in scope. Or mayhap that is 

a reflection of. the author’s estimation of that particular 
audience! But it still conveys the message that a large part of 
learning APL, and the potentialities of the computer, is to 
experiment, to play, at the terminal. 

* 
APL Reference Card. APL Press. 25¢. 1976. 

w 
This vestpocket-size plastic reference card lists and gives 

examples of use of all the APL scalar and mixed functions, 
operators, system variables, and system functions. To say that it 
is a most useful tool to refresh the memory when sitting at a 
terminal, or jotting down a function, is to miss the point 
completely. Here we have what must be one of the most 
powerful and complex programming languages in existence, yet 
its essential points can be compressed onto the two sides of a 9.5- 
cm by 6-cm plastic card. So much for the vaunted orthogonality 
of ALGOL 68. 

* 
APL News. APL Press. 8 pp per issue. 

a ¢ 
This is a periodic newsletter available on demand from APL 

Press. It publicizes their publications, offers space for interested 
users to explain novel applications or suggest improvements to 
the language, publishes APL games and puzzles, explains 
interesting techniques, gives notices of relevant meetings, etc., 
ct: 

H.D. Baecker 
Calgary, Canada w 

A Creative Computing Group Review ... 

PROGRAMMING PROBLEM BOOKS 
by F. Sokolowski 

Montebello, California 

Elementary Computer Applications, lan Barrodale, et. al., John 
Wiley & Sons, New York, 1971. 254 pages. $8.50. 

Not elementary. Contains about fifty programming 
problems. Contains very detailed discussion of problems. 
Heavily oriented towards advanced math-science students. 
Problem topics include roots of equation, numerical integra- 
tion, systein of equations, linear programming, etc. Of little or 
no use to non-science students. Problems are interesting but 
require at least calculus background and probably some pro- 
gramming skills not available to many first-course program- 
ming students. 

Problems for Computer Solution, Steve Rogowski, Educomp, 
196 Trumbull Street, Hartford, Conn. 06103, 1975. 90 pages. 
$3.95. Teacher Edition (with answers) 253 pages. $9.95 

Contains ninety programming problems. Gives a fairly de- 
tailed description of each problem—one problem per page. 
Problems are fairly interesting and there is a range of difficulty 
so both advanced and beginner students can find something. 
References are provided on some of the problems. Problem 
topics include: number theory, algebra, geometry, probabilities, 
calculus, etc. Little for business students, mostly oriented 
towards math-science type students, but still a nice book. 

Computing Problems for FORTRAN Solution, Robert 
Teague. Canfield Press, 49 East 33rd Street, New York, N.Y., 
10016, 1972. 245 pp. $4.95. 

Contains 70 programming problems. Problems are suitable 
for both business and science students. Also the problems could 
be used by languages other than FORTRAN such as BASIC, 
PL/I, and maybe COBOL. Most problems do not require much 
math background. Each problem is described in detail. Many 
interesting problems. 
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Program Style, Design, Efficiency, Debugging, and Testing. D. 
Van Tassel. Prentice-Hall, Inc., Englewood Cliffs, N.J. 07632. 
1972. $11.95. 

Contains an appendix of 101 programming problems, plus 
about 100 more scattered throughout the text. Problem descrip- 
tions are quite brief but sufficient. Problems are well suited for 
wide range of languages and range from easy to difficult. Many 
problems are quite interesting. Contains enough scientific, 
business, and miscellaneous problems that everyone should find 
something of interest. Book also covers information mentioned 
in title. Useful, enjoyable book. 

A FORTRAN Program Solver, by Manning, William A. and 
Robert S. Garnero, McGraw-Hill Book Co., New York, 1970. 
167 pp. $7.50. 

Contains about 25 programming problems and a short intro- 
duction to FORTRAN. A detailed description is given for each 
problem, and blank pages are provided so one can do his/ her 
work in the book. Thus half the book you buy is blank pages. 
The problems are very elementary and good only for beginners. 
Little math required and oriented towards non-science business 
majors. Personally, I did not like this book. 

Programming Exercises, Robert D. Steinbach, Glencoe Press, 
ee Wilshire Blvd., Beverly Hills, California, 1969. 114 pp. 

Contains about 50 programming problems and a short intro- 
duction to computing. Problems are suitable for beginning level 
programming classes of both science and non-science students. 
There is a very detailed description of each problem with input 
data supplied. Problems are grouped according to program- 
ming techniques, that is, decisions, iteration, subscripts, sub- 
programs, etc. 
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The Computer and Music. Edited by Harry B. Lincoln. Cornell 
University Press. 21 articles. xvi + 354 pp.; hard cover. $17.50. 
1970. 

In a field that is expanding as rapidly as computer-use in 
music, a book published six or seven years ago may seem 
hopelessly out-dated. Actually, any interested person reading 
this book today can gain a great deal of historical and practical 
knowledge of the field. That is possible because the articles 
offered by the various contributors are written for various 
purposes and presume various levels of technical background. 

Articles are included that are chiefly philosophical, while 
others are chiefly descriptive in the technical or research sense. 
Of the longer articles, there is one that traces the development of 
technology in its relation to sound and music, and another that 
surveys computer-composed music to 1970. 

Unfortunately, computer-assisted instruction in music is left 
out entirely. Considering the highly developed state of CAI 
today, it is interesting that in 1970 the editor of The Computer 
and Music could write: “A third area, computer-assisted 
instruction in music theory, has emerged too recently to assess 
its effectiveness or possibilities” (Lincoln, 1970, p. xi). 

There is no way that the encapsulated descriptions that follow 
can do justice to the articles themselves. The point is that, even 
with the exclusion of CAI, there is in this book a great variety of 
offerings for musicians, researchers, educators, composers, 
programmers, and technicians alike. It is hoped that the 
descriptions will give an impression of the subject with which 
each contributor is concerned and how the computer relates in 
each case. 

The book is divided into six parts. Part One, Historical 
Background, contains a single twenty-page article by Edmund 
Bowles on the subject of the development of technology as it 
relates to music and sound. It is a fine article that uses language 
with remarkable succinctness. The use of computer-related 
terms to help describe music-related devices such as the 
hydraulic organ and the phonograph serves remarkably well. 

Part Two, Music Composition, contains an article by Brun 
and an article by Strang that concern themselves with the ethics 
of computer composition, a fifty-four page article by Hiller that 
surveys music composed with computers, and an article by 
Citron that supplies instructions for inputting elements of music 
to the computer with MUSPEC (a programming language) and 
describes the processes and results of synthesizing computer 
output. It is one among several articles that are essentially 
descriptions of specific projects involving problems of computer 
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input and output. 
Part Three, Analysis of Music , contains seven articles (each 

under sixteen pages) all of which are descriptions of specific 
projects. Perhaps because of the obvious permutational aspects 
of harmony and the relative ease with which intervals in music 
can be turned to numbers, many of the projects concern 
themselves either with searches for the interval combinations in 
specific pieces of music, identification of style through interval 
combinations, compilation of statistics related to intervals, or 
analysis of intervals for the purpose of synthesizing music. 

Articles by Fiore and Fuller analyze the music of Webern. 
Articles by Lefkoff and Stoney each present statistics related in 
the former case to the discovery of similar segments in the forty- 
eight permutations of a twelve tone row and in the latter to the 
problems of equal temperament. The Morton and Lofstedt 
article describes three Fortran programs that are coupled to 
numerical definitions of tonal material. Two are for composi- 
tion and one for analysis of tonal music. They report: “At 
present, to be sure, both programs produce a conventional four- 
part music not unlike that achieved by music students at the end 
of their first year of collegiate study” (p. 161). Roland Jackson’s 
article concludes that the most interesting observation in his 
study is the selection of certain harmonic colors by Webern, 
Stravinsky, and Varese which “... are heard frequently enough 
to provide a sense of unity with the piece as a whole” (p. 146). 
Youngblood’s project, using a modification of the DARMS 
code, encoded music of Bartok, Schoenberg, and Hindemith for 
the purpose of establishing composer identification through 
root progression analysis. 

Part Four, Ethnomusicology, contains two articles. Benjamin 
Suchoff reports upon procedures and findings obtained from 
computer programs that extract comparisons (such as interval 
sequences) from data encoded with the Ford-Columbia 
Representation. Pitch, duration, and other elements of music 
notation are encoded with this encoding system. Music used in 
the experiments included melodies from the folk song 
collections of Bartok. The Lieberman article is related to 
computer recognition of patterns in certain improvisations 
heard in Javanese gamelan music. The reviewer was impressed 
by the interesting and practical aspects of this study along with 
its implications for analyzing improvisatory styles and its slight 
overtone of what might be called an ethical problem. There is a 
thread of concern, in this book, about relinquishing decisions to 
the computers. As might be expected, the composer- 
contributors seem to address themselves to this concern more 
than the researcher-contributors. 

Another thread that winds through the book is the search for 
some further definition of the concept of “style.” Depending 
upon how well elements of style are defined, the computer ought 
to be able te identify composers and periods given the encoded 
musical elements of a piece. It ought even be able to output data 
that can be synthesized to produce pieces in various styles. 

Part Five, Music History and Style Analysis contains five 
articles. Two of the articles are directly concerned with using the 
computer to further define elements of style. Crane and Fiehler 
report upon numerical or statistical methods of comparing 
musical styles. They are able to picture some of the results of 
their work with a dendrogram showing twenty chansons 
clustered according to style. “Music Style Analysis by 
Computer” by A. James Gabura is one of the longer articles (53 
pages). Gabura is able to describe clearly the use of such 
concepts as “key” based on “pitch-class distribution” and “root 
movement,” which are concepts experimented with for the 
purpose of developing computer-based style analysis. Gabura 
also describes methods for extracting such concepts or 
“parameters” from pitch and duration data for the purpose of 
identifying individual style in the pianoforte music of Haydn, 
Mozart, and Beethoven. 

The remaining three articles constitute practical projects in 
the area of Music History. Barton Hudson describes a proposed 
catalog of French chansons inputted with the DARMS 
encoding system and accessible by musical incipits and other 
references. Earle Hultberg reports on programs that transcribe 
tablature to standard notation. Theodore Karp reports upon a 
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computer-based system for determining degrees of melodic 
resemblances in Notre Dame organa dupla. 

Part Six, Music Information Retrieval, contains two articles. 
The first (26 pages) by Michael Kassler is taken up chiefly with 
“... a description, in the form of a programmers’ manual, of a 
special-purpose programming language called MIR — the 
acronym of the phrase ‘musical information retrieval’” (p. 299). 
The second is a detailed proposal for the development of a 
computer-accessible music library catalog for scores and 
phonorecords. The authors (Tanno, Lynn, and Roberson) are 
not referring to retrieval of individual notes in compositions, of 
course, but to literal library references such as “composer,” 
“instrument,” “subject.” They make a strong case for such a 
system claiming not only increased efficiency, speed, and 
accuracy, but lower cost. Most important to them, however, are 
“ ... the myriad of information possibilities inherent in the data 
base being developed” (p. 342). 

It is certainly outside the scope of this review to update the 
projects in this book. It is hoped that a new and updated edition 
of The Computer and Music will soon be forthcoming. 

Robert W. Placek 
Assistant Professor of Music 

University of Georgia 
Athens, Georgia 

WHA KKKNAKKH 

The Technology of Computer Music. Max V. Mathews. M.L.T. 
Pres, Cambridge, Mass. 188 pp. 1969 

The term “computer music” has been used to describe 
computer-aided activity in all phases of music production. The 
subject of Mathews’ book is not that broad. It is concerned 
primarily with a specific method of computer sound synthesis, 
the direct calculation of the sound pressure wave. I have come to 
refer to this method as direct synthesis. Other methods exist 
which involve a computer in control of external sound 
producing and sound shaping modules. These methods might be 
referred to collectively as indirect synthesis. The main advantage 
of direct over indirect synthesis is that, at a greater cost in CPU 
time, the composer is freed from the limitations imposed by the 
availability and configuration of the external sound modules. 
With indirect synthesis the number of each kind of module is 
finite. By dealing directly with the sound wave the composer has 
virtually an infinite supply of computer-simulated modules, 
giving him virtually infinite control of the sound. He can 
produce any sound he can specify and vary it over time in any 
way he can imagine. The trick is in being able to specify what is 
desired. The MUSIC V program described in this book, a 
product of the work of Mathews and others at Bell Labs, 
provides the composer with a powerful language for doing just 
this. 

Chapter One, “Fundamentals,” describes the technique for 
representing sound as a sequence of numbers, known as 
samples, and then transforming the numbers into sound. Each 
sample represents the amplitude of the sound wave for an 
instant of time. Once the samples have been generated, they can 
be transformed into a variable voltage which can then be 
amplified and used to drive a loudspeaker. These discrete 
samples represent a continuous function varying over time in the 
same way that the individual frames of movie film represent a 
continuously changing picture. The speed at which the 
individual units are presented is so fast that the observer cannot 
resolve them; he is aware only of continuity. Various kinds of 
distortion arise if the range of numbers used to represent the 
amplitudes is not wide enough (quantizing error) or if the 
duration of the sample is not short enough (sampling error). 
30,000 samples per second must be calculated if the full 15,000 
herz bandwidth of human hearing is to be represented. 
Attempting to generate sounds with partials higher than half the 
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sampling rate results in another kind of distortion (foldover). 
Chapter Two consists of a graded sequence of scores written 

in the MUSIC V language. Through these examples Mathews 
describes the operation of the program and gradually introduces 
various components of the language. MUSIC V is written for 
the composer accustomed to designing his instruments by 
patching together the sound modules found in conventional 
synthesizers. In MUSIC V the patching is done symbolically. 
Information for playing the instruments is given by the notes, 
data records of pitch and time specifications. Although the input 
format is tedious, the composer can write conversion and 
composition subroutines in FORTRAN or assembly language 
which allow the computer to take over much of the “dirty work” 
while the composer works with a more musically-oriented 
format. 

Chapter Three, “MUSIC V Manual,” presents much of the 
same information as Chapter Two but in a systematic manner, 
designed for easy reference. 

Although the book is now seven years old and MUSIC V has 
undergone further modification since its publication, it still has 
much to offer. There are similar programs running on 
institutional computers all across the country. This book is a 
good introduction to any of them. Chapter One is a thorough 
guide to the sampling technique. It and the Appendix contain 
the mathematics required for a thorough understanding, yet the 
chapter is comprehensible to those who have not progressed 
beyond a basic understanding of algebra. The mathematical 
sections have been flagged with asterisks, and the rest of the 
chapter has been so arranged that the reader can skip the math 
and come away with a working knowledge. Mr. Mathews has 
accomplished this feat by clear and non-technical explanations 
supplemented with copious illustrations. 

The book could be used as a text. There are lists of sample 
problems and bibliographies which lead the reader to some of 
the most significant literature on the subject wirtten before 1969. 
Since it is almost entirely in FORTRAN, MUSIC V is easy to 
implement on any system and also easy to study. Consequently, 
the book and the program together provide a model for anyone 
intending to write a sound synthesis program. 

The criticism offered here is not of the book itself but of the 
kind of program which has been described. Direct synthesis 
programs are extremely powerful, but they also require large 
amounts of CPU time. It is quite conceivable that a given second 
of sound may take a full minute to compute. If the composer has 
access to acomputer for the time required, he then must contend 
with the special requirements for converting the digital 
representation of the sound to a form that can be recorded and 
played back by a conventional tape recorder. Sometimes these 
facilities are not available at the same computer center which 
produced the digital tape. This can cause long delays between 
submittal of a job and the return of an audible product. 
However, advances in computer technology will probably deal 
with these problems before a more powerful sound generation 
technique is devised. In Mathews’ book this technique is givena 
classic presentation. 

Richard E. Saalfeld 
Columbus, Ohio 
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Rogers, John E. “The Uses of Digital Computers in Electronic 
Music Generation,” from The Development and Practice of 
Electronic Music Edited by Jon H. Appleton and Ronald C. 
Perera. Prentice-Hall, Inc., Englewood Cliffs, N.J., 1975. 

It is exciting to find a book on electronic music destined for 
wide acceptance which devotes almost one-third of its content to 
computer use for electronic music generation. Mr. Rogers 
places a deserved emphasis on the computer when he suggests 
that the “expansion (of electronic music studios) must involve 
digital computers as essential units in electronic music 
generation.” This support of computer use might even be 
considered mild, since it is the reviewer’s belief that, even more 
than as an expansion, the computer will be the central and basic 
unit in future electronic music studios, ultimately requiring their 
total re-design. 



Rogers cites two basic methods for the computer’s use: as a 
digital control device for an analog studio and for pure 
computer sound synthesis. The logical trend to systems based on 
digital control of digital devices is referenced, but both 
enthusiasm and material on this approach are lacking in this 
chapter of the book. 

Giving an excellent recommendation to this work is easy, 
since it provides valuable, specialized information not frequent- 
ly found in a book with such wide circulation. However, the 
reader must be able to move from the interpretation of general 
information usually understood without in-depth knowledge to 
the fairly detailed descriptions appealing mostly to those who 
have a specialized interest in computer music. The transition 
from general to specific is quick and apparent, with enough 
material included to develop each into separate and valuable 
chapters. 

The general information covers: the limitations of present- 
day studios which may be eliminated through computer use; the 
basic uses cf computers in electronic music; the major 
characteristics of computer technology such as timesharing, 
batch processing, and minicomputer applications; and com- 
puter programming techniques. In addition, a replication of 
information readily available and clearly presented in Max 
Mathews’ The Technology of Computer Music (M.1.T. Press, 
1969) is included. This fact is mentioned, not to criticize Mr. 
Rogers for including his own explanations of D to A conversion, 
foldover distortion, sampling, quantizing, and other basics 
inherent in digital representation of sound waves, but to 
emphasize the importance of Mathews’ earlier work now 
recognized as a published landmark in the field. 

Several explanatory points related to simple programming 
concepts were disappointing when compared to many other 
excellent sections of the chapter. For instance, the technique of 
branching, with all of its unique and valuable characteristics, 
was presented too simply as a mode which “allows certain 
instructions to be skipped or branched around.” In a somewhat 
similar fashion, the notion that “the computer should ... be 
programmed in a high-level language, preferably Assembly 
Language” is puzzling in that much more sophisticated 
languages are available, even on minicomputers, for executing a 
series of assembly instructions in one single command. Rogers’ 
justification for use of assembly language due to economic 
factors associated with its greater speed seems invalid with 
modern technology. 

The more technical aspects of the chapter dealt with computer 
sound synthesis, based (too much) on the MUSIC 360 coding 
system of Barry Vercoe. Although the reviewer considers this as 
a weakness of the article, Rogers purposely limits himself and 
states, “MUSIC360 can be understood, at a basic level, with 
only the information presented in this chapter.” The weakness 
here that is felt is one of narrow coverage of “The Uses of Digital 
Computers in Electronic Music Generation,” since other 
different approaches have equal validity. 

Although I would have preferred it if Mr. Rogers had looked 
more toward the future — to advancements that are bringing 
computer technology out of its infant stage, to general 
availability for all, and to the increased ease of use and 
operation, he has made a major contribution in reporting some 
of the continuing developments in the field. 

David Swanzy 
Professor and Coordinator of Graduate Studies 

in Music Education 
Southern Methodist University 

Dallas, Texas 
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Computer Careers, Planning, Prerequisites, Potential. John 

Maniotes and James S. Quasney. Hayden Company, Inc., 

Rochelle Park, New Jersey 07024, 180 pp. $4.95. 1974. 

The eight chapters of this book provide the reader with a 

sound basis for making decisions concerning a career in 

electronic data processing. The second chapter, titled “How 
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Computers Do It,” provides an excellent overview of computer 
operation written in plain language which can be understood 
by individuals without a background in electronic data 
processing. 

Other chapters cover such areas as the kinds of educational 
training required for the variety of jobs in EDP and do an 
admirable job of outlining the requirements of various 
programs. Unfortunately, the book does not contain informa- 
tion on educational computing, which is rapidly expanding as a 
“new” enterprise. Chapter 5 provides an excellent overview of 
the costs of an education and how the student can defray such 
costs through grants, scholarships and fellowship programs. 
The resource list provided is extensive in terms of the agencies 
which assist students enrolled in EDP fields. 

Chapter 6 discusses the problem of finding a computer- 
EDP-oriented job and presents an excellent outline of a 
procedure for developing a resume which can be used 
universally in preparing such a document. It also provides 
excellent hints on the interview process and the variety of tests 
that one may be required to take in seeking a position. 

The final chapter of the book describes three types of 
institutions that offer degrees in electronic data processing. It 
gives the pros and cons of each type of institution and points to 
the need to look critically at all institutions to determine if the 
objectives of the program are in harmony with the career 
objectives of the individual. 

Although texts typically involved in computers and 
computer professions are out of date within a few years of 
publication, this text can provide a continuing source of 
information for students who are graduating from high school 
and trying to determine which institution they should attend, 
as well as students who are already in higher education who are 
looking forward to a position in the field. The book may seem 
elementary to many, but this reviewer feels that it does provide 
an excellent resource for a younger student who is in the 
awesome position of trying to make a decision for a life-long 
career. I would also recommend the book for guidance 
counselors, since it is written in terms that non-EDP-oriented 
people can understand and apply. 

Daniel Krautheim 
Columbus, Ohio 

MM RO ot 

Introduction to Programming Languages. W. Wesley Peter- 
eee Inc., Englewood Cliffs, N.J. 358 pp., $12.95, 
1974. 

In this easy to understand book, eight programming 
languages are presented under the four major sections 
Scientific, Data Processing, Character String Processing, and 
List Processing. The languages used are BASIC, FORTRAN, 
COBOL, PL/1!, ALGOL, APL, SNOBOL, and LISP. PL/1 is 
covered in each of the four major sections in which the language 
features appropriate to that section are discussed. The use of 
simple problems to illustrate the features of the language under 
discussion makes this an attractive text for an introductory 
course on programming languages. Some of the more advanced 
techniques such as recursion and list processing are clearly 
explained. An additional aid is the use of the same set of 
problems for each chapter (on language) within a major section. 
Some will complain about the lack of exercises for each chapter, 
but with the various illustrations, alternative problems should 
easily come to mind. 

The book is a good reference work, but it is IBM orientated, 
and the implementation for a language will vary from one 
vendor to the next. Therefore one must consult the system’s 
reference manual before using the language. I found the 
author’s coverage of PL/I to be more than adequate and his 
section on PL/I use of based variables in list processing to be 
outstanding. I recommend the book as a text in a survey course 
on programming languages or as a reference work for the 
practicing programmer. 

William J. Marshall 
Chelmsford, Mass. 
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The Best of Creative Computing, Volume 1, edited by David H. 
Ahl, 317 pages, $8.95 Creative Computing Press, P.O. Box 789- 
M, Morristown, NJ 07960. 1976. 

In the preface, the editor states the material in the book is 
“diverse.” That comment is not an understatement. There is 
material and information for everyone interested in computers. 
Just as the material originated froma wide range of sources, so its 
appeal is also far-reaching. The table of contents indicates the 
breadth of material from articles and commentary to fiction and 
poetry, a little foolishness, puzzles and problems as well as a wide 
array of computer games and book reviews. 

The book consists of the material first seen in Volume 1, issues 
1 through 6, of Creative Computing. The material has been 
collected under the headings indicated above, but retains the 
exciting reading always present in each issue of Creative 
Computing. 

The book contains something for people of all ages, from 
games for the young to puzzles and articles designed to keep one 
in deep thought for hours. 

The book is recommended for all ages as a volume that can be 
picked up and read anywhere for any length of time. For those 
who have been late in subscribing to Creative Computing, this 
volume is now the only source of those back issues of Volume | 
that have been sold out. 

John J. Jackobs 
Coe College 

Cedar Rapids, Iowa 

* * * * * 

BASIC Software Library, Volume II Engineering and Statistics. 
R.W. Brown, 260 pp. paper, $24.95. Scientific Research 
Instruments, PO Box 2096, Ashland VA 2300S. 

The BASIC Software Library Volume I] is a compilation (if 
you'll excuse the term) of forty-four applications programs inthe 
areas of engineering and statistics. An ad for this series of books 
in a hobby computer magazine tells us, “The intention of this 
work is to allow the average individual to easily perform useful 
and productive tasks with a computer... This library is destined 
to become one of the reference bibles for the small computer 
field...” The ad further states that ALL the programsare written 
in compatible BASIC executable in4K MITS, SPHERE, IMS, 
SWTPC, PDP, etc. BASIC compilers. All right, soeveryone gets 
a little carried away sometimes. But since many personal 
computer owners are looking for applications software, how 
good is this book? 

The programs themselves range widely in degree of generality. 
Almost anyonecan usea program which graphs two functions on 
a TTY. However it seems quite unlikely that the average personal 
computer user is going to need to calculate the thickness of asteel 
beam. The BA SIC Software Library does notattemptto explain 
the applications it covers—nor should it—since you should 
already understand your application before you try to apply a 
computer to it. If you’re into mathematics orstatistics, or need to 
plot functions or data, this book may be for you. If you have a 
very specific application you'd probably better have alook at the 
table of contents before you buy. 

As far as the programming techniques used, most of the 
programs seem reasonably efficient and we especially liked one 
that produced random numbers without RND, in just 12 short 
lines of BASIC. One program which caculates positions of stars 
was annoyingly inefficient using the following technique for 
printing the name of star #W. 

IF W=1 THEN AAAA 
IF W=2 THEN BBBB 
IF W=3 THEN CCCC etc. 

and then to print the names: 
AAAA PRINT “name 1” 

GOTO XXxx 
BBBB PRINT “name2” 

GOTO XXXX 
CCCC PRINT “name3” 

GOTO XXX and so on, which could be done more 

efficiently with DATA statements and a read loop. Additionally 
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the programs are not nearly as transportable as stated, since they 
sometimes use user-defined functions, exponentiation, 
character strings, and mass-storage files. There’s nothing wrong 
with that, but you shouldn’t say that all your programs runin4K 
BASIC ona micro if they don't. 

$24.95 is a lot of money to pay for a softcover book, especially 
when some of the pages are almost too light to read, and in other 
places corrections to the original program run have been written 
in by hand. If you need to compute integrals or linear regressions 
or even thicknesses of steel beams, then the Software Library 
could save you a lot of time spent in research, program writing, 
and debugging. But before you buy it, you should seriously 
consider whether or not the book will help you with your 
application. 

Steve North 
Newfoundland, NJ 
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CMOS Cookbook, by Don Lancaster. Howard W. Sams &Co., 
Inc., Indianapolis, IN 46268. 414 pp., paperback, $9.95. 1977. 

If your logic projects have been thwarted because you didn’t 
have the regulated power supply that was required, or you were 
afraid that you’d goof up the assembly and blow up the whole 
circuit, or if you’re fed up with all the hassles of TTL, then CMOS 
is for you, and Don Lancaster’s CMOS Cookbook is for you. 
CMOS is a very easy logic family to use. It can even be fun for 

once to build all those logic projects. You don’t need to worry 
about the power supply; CMOS tolerates unregulated, noisy 
power supplies and helps out by using very little current. Even 
with all its nice features, CMOS is very low in cost. 

This book covers the typical applications for a logic family and 
some features which make CMOS particularly useful in certain 
applications. The uses for CMOS that have no counterparts in 
any other logic family are detailed, as are its few disadvantages. 

The first chapter supplies all the background information on 
CMOS — how and why it works, some unique features, usage 
rules, power-supply design, and general practices to be followed 
in design. Chapter Two is a hundred pages of individual 
descriptions of CMOS devices. Each description gives you only 
the information you need to know to use the device, and the 
problems and restrictions in using any device are clearly laid out 
so that you won’t have any surprises later on. 

Chapter Three covers logic design starting with the basics and 
moving up to the use of transmission gates and tri-state buffers. 
The latest techniques of redundant logic design using data 
selectors, ROMs, PLAs, and microprocessors are presented as 

approaches to simplifying complex problems that previously 
could have required high cost and much timespent on designand 
modification. It is in this chapter that Mickey Mouse logic is 
introduced as a trick for simplifying some designs. 

Chapter Four describes CMOS multivibrators. Five develops 
clocked logic from fundamentals and describes the available 
CMOS flipflops and their applications. Six carries the 
applications to larger-scale sequential design using shift registers 
and counters, detailing use of these in computer and music 
applications. The use of CMOS in some unique ways is the 
subject of Chapter Seven, where you learn of CMOS used in 
operational amplifiers, bidirectional analog switches and phase 
lock loops. 

The last chapter is devoted to full-scale applications of CMOS. 
These include timing and timekeeping circuits, a frequency 
counter, a video-game circuit, music circuits, computer circuits, 
and some challenges for you, the CMOS logic designer. An 
appendix with suppliers and addresses is included. 

You'll find that this book is one of the most useful and 
informative books you can get. After reading it, you'll not beable 
to wait until you can start working with CMOS. 

Dennis Keats 
Hopkins, MO 
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Model Railroad Electronics, by James Kyle, TAB Books, Blue 
Ridge Summit, Penn. 17214. 307 pp., paperback $5.95. 1977. 

Covers most aspects of model RR electronics, including the 
use of digital logic. 
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Programming Proverbs For Fortran Programmers, Henry F. 
Ledgard. Hayden Book Company, Inc., 50 Essex St., Rochelle 
Park, NJ 07662. 125 pp. $5.95. 1975. 



Programming Proverbs provides the basis fora second step in 
the development of programming skills. It is for persons who 
have some familiarity with Fortran, but do not yet have a 
satisfying level of proficiency. The book is intended to be a guide 
to better programming, not an introduction. The author’s intent 
is to promote improvement through the observance of 25 
essentially simple rules called proverbs. Presentation of each 
rule is accompanied by recognition of a condition found in the 
work of an inexperienced programmer. These are followed by a 
discussion and examples showing application of the rule. In 
most instances these rules are clearly worth consideration by 
fledgling Fortranners. Although he fashions his message around 
a group of rules, the author carefully notes that he does not 
intend to remove opportunities for creativity in programming. 
He introduces his rules with a prefactory proverb: “Do Not 
Break the Rules Before Learning Them.” This suggests the spirit 
prompting the book. 

While showing readers how to improve their Fortran 
programs, the author gently raises the sights of Fortran-only 
programmers leading them toward an appreciation of other 
programming languages. In two series he presents equivalent 
programs in Fortran, BASIC, PL/ 1,and SNOBOL or COBOL. 
This is done in a way that is easily grasped by a Fortranner, yet 
leaves an unmistakable impression that other languages do 
indeed have advantages in certain situations. 

This reviewer found the author’s explanation of the context 
effects of function subprograms to be especially enlightening. 
This feature alone would be worth the cost of the book and the 
time to peruse Programming Proverbs. 

Thomas A. Boyle 
Purdue University 

(Available from the Creative Computing Book Service. See 
coupon elsewhere in the magazine.) 

* * * * 

Computer Graphics: 118 Computer - Generated Designs. 
Melvin L. Prueitt. Dover Publications, Inc., 180 Varick Street, 
New York, NY 10014. 69 pp. $3.00. 1975. 

A three-dimensional U.S. flag rippling in the breeze, soaring 
spires, and ethereal multicolor creations floating in black space 
are just a few of the stimulating computer-generated artworks 
that await the reader of this delightful book. 

Following a short, thought-provoking discussion of com- 
puter art, the author moves directly to examples created by 
PICTURE, a program of his own invention. The pictures are 
accompanied by brief, informative comments that cover such 
topics as hidden-line removal, perspective, and optical 
illusions. A number of the pictures show the three-dimensional 
representations of explicit mathematical functions while others 
depict unpredictable patterns resulting from letting the 
computer generate random data for output. Unexpected 
images caused by errors, both human and mechanical, contrast 
with the precision of three-dimensional plots of magnetic fields 
and nuclear spectra. 

Anyone with an interest in the potential of computers aiding 
human thought and creativity, especially in the area of 
computer-generated art, should get their hands on this 
excellent book. 

Jay Wooten 
Westford, MA 
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Graze Ecology Simulation. Michael Chester. Hewlett Packard 
Computer Curriculum, 1501 Page Mill Road, Palo Alto, CA 
94304. Student Text, 23 pp.; Teachers’ Notes, 29 pp. 

The student is given a range, 3 square miles in area, which has 
200 rodents and 10,000 grasshoppers per acre. The student’s 
objective in this computer simulation is to raise cattle on the 
range while maintaining a balanced ecology. The student inputs 
the number of cattle to be raised, and also the number of 
songbirds and hawks he or she thinks is required to maintain the 
balance. The populations of all species are then computed in 
half-year increments over a 15 year period and printed out, 
along with a score from 0 to 100 which measures the student’s 
success in achieving the objective. By analyzing accumulated 

information, the student can then try to improve his or her score 
by systematic variations of initial species populations. 

The author provides a good qualitative description of the 
model, along with suggestions for additional projects and 

several references for further reading. The value of the 
simulation to the more serious student would be enhanced by a 
discussion of the equations used, since many will want to tinker 
with the model. (For example, when grasshopper populations 
“explode,” the computation terminates with an “out of control” 
message and a zero score for the user. A problem solving student 
may be more interested in knowing what the grasshopper limits 
would be in the absence of predators than improving his or her 
score.) 

The simulation can be studied at many levels and it can 
therefore be recommended for classroom use from junior high 
through college. The BASIC program with external documenta- 
tion is provided. 

Scott Davidson 
Silver City, NM 

Hobby Computers Are Here!, Edited by Wayne Green, 96 pp. 
paper, $4.95. 73 Magazine, Peterborough, NH 03458. 

Since amateur computing is expanding so rapidly, there area 
great number of people who want to know how to get their own 
terminals and computers up and running. Hobby Computers 
Are Here!, a “book” which has fewer pages than an issue of 
Creative, purports to fill this need. On the opening page Editor 
Wayne Green has the audacity to declare, “This book is one of 
the few (if there are any other) sources of information on all 
aspects of computers ... hardware (with very simple ex- 
planations of the basic circuits involved) ... the software ... and 
systems.” Well, we’ll all have to throw out our other computer 
textbooks. 

Having recovered from the shock of reading that, one quickly 
discovers that this book consists of nothing but reprints from 73, 
a ham radio magazine. Some of the articles which explain the 
fundamentals of digital electronics are quite helpful. Unfor- 
tunately, construction articles such as “A Morse to RTTY 
Converter” are definitely not of interest to the mere amateur, 
non-ham computer owner. The emphasis on ham radio in this 
book might be attributed to the fact that almost all the articles 
were written by hams. Hobby Computers Are Here! also 
contains twenty-one editorials by Wayne Green. They’re 
generally centered on amateur and ham computing but 
occasionally Mr. Green rambles off on some tangent. Some 
readers may enjoy this style but some won't. 

One of the problems with taking articles and editorials froma 
magazine and then printing them ina book is that it’s not always 
apparent to the reader what’s current fact and what’s dead 
history. For instance, what is a novice going to believe when he 
reads, “None of the present-day tape storage systems are ideal 
for small computers and the race is on to invent a mass memory 
storage system which is geared to the low cost computer.” 
Maybe he’ll keep on reading and somewhere later in the book 
discover that cheap tape systems do exist. What if he doesn’t? It’s 
up to the reader to sort out the here-and-now from obsolete 
information. 

Green’s admission that “There are fantastic opportunities in 
the small computer market for making large gobs of money,” 
seems just a bit too frank since there are eight pages of 
advertising in the middle of this “book,” not to mention another 
ad on the back cover. At $4.95 Hobby Computers Are Here! 
really tells us, Overpriced Hobby Computer Books Are Here! 

Steve North 
Newfoundland, N.J. 

* * * * * 

Computers and You. Kurt R. Stehling. Mentor, paper. 1973. 
One of the many books for popular consumption to provide 

an understanding of the use and effects of computers on the 
whole range of human endeavor. Better than some, but 
disappointing in the amount of language one so regularly 
encounters in departmental reports. Well selected topics, 
informative treatment, but it still comes out fact stacked on fact 
stacked on fact and is not likely to generate interest in naive 
readers, though it does provide the type of introductional 
material so needed by the public. 

John L. Randall 
Kensington, MD. 
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Computing with Mini-Computers. Fred Gruenberger and 

David Babcock. Melville Publishing Company, Los Angeles, 
California, 288 pp. $13.75. 1973. 

The authors’ effort to provide an introduction and overview 
in the first few chapters of Computing with Mini-Computers 
makes an attempt to define a mini-computer based on size and 
cost. However, in the three years since the publication of this 
text, there have been many changes in the mini field. A mini- 
computer is defined in the text in terms of three variables — 
storage capacity, top speed, and operation-code repertoire. In 
spite of the t ct that physical parameters are the least 
important, the authors go on to describe the mini in terms of its 
physical size. However, mini-computers have been configured 
in a variety of ways which greatly exceed the physical 
dimensions provided in the book. The examples utilized 
throughout the text are for a Varian machine, even though it is 
pointed out that Digital Equipment Corporation both 
produces and sells the largest number of mini-computers. 
There are some commonalities between mini-computers. 
However, the differences exceed the parameters defined in this 
text. 

The chapters on flow-charting are relatively standard and 
can be found in other texts. The book uses a problem-solving 
approach so that the reader is led through a series of problems 
that require computer solutions. Lack of access to a mini- 
computer might be a limiting factor for many potential readers 
who are interested in the field of minis but do not have access 
to such equipment. Although the book is well developed, it 
discusses material that can be found in many other texts. It is 
the opinion of this reviewer that the textbook has only limited 
utility for individuals interested in mini-computers since the 
state of the art has changed drastically since 1973. There is 
virtually no discussion of micro-programming units which may 
or may not be classified as mini-computers. The basic and 
historical information contained in the book is of some value 
and the conceptual information on indexing, sub-routining and 

sequencing of program statements can be applied to a variety 

ot situations. The chapter on testing and de-bugging of 
programs is relatively standard. The eight-page glossary of 
computer terminology is fairly complete for 1973. However, it 
lacks comprehensiveness for modern mini-computing. I would 
recommend the book with reservation for individuals who are 
interested in mini-computers as a fair resource and entree to 
some of the more current literature found in the periodicals. 

Daniel Krautheim 
Columbus, Ohio 
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Finite State Fantasies. Rich Didday. Matrix Publishers, 207 
Kenyon Road, Champaign, Illinois 61820. 5Opp., $2.25, 1976. 

Finite State Fantasies is a comic book devoted to visual 
communication of computer user situations. About half the 
booklet explains how the computers work. This part is good for 
anyone who would like to develop an understanding of 
computer hardware. 

The other half of the booklet involves pictorial representa- 
tion of common computer user occurences: bugs, glitches, and 
computer obsession. Interspersed in the booklet are several one- 
page cartoon series. 

The booklet can be understood by someone of any age group 
or computer background. The graphics are nicely done. The 
book is a nice addition to the field of fun computer books and it 
would make a nice gift. 

Dennie Van Tassel 
Santa Cruz, California 
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Background Math For A Computer World. Ruth Ashley. John 
Wiley & Sons, Inc., 605 Third Ave., New York, NY 10016. 286 
pp., paperback. $3.95. 1973. 

This book is one in a series of Wiley Self-Teaching Guides. 
The format of the book is programmed instruction. Each 
chapter is divided into individual frames of instruction with 
their own questions to check on the reader’s comprehension of 
the text material presented. Each chapter concludes with a self 
test on the contents of the chapter. The book concludes with a 
final test on all the material in the book. Answers to all 
questions are provided in the text. 

The author intends the book “for the tens of thousands of 
people who find that their lives are being increasingly affected 
by computers. It is for the students with no college math and 
very limited high school mathematics who discover that they, 
too, are expected to be able to use computers — in business, in 
psychology, in education, in the social sciences.” 

The first two chapters concern themselves with the binary, 
octal, and hexadecimal number system. Operations within, and 
conversion between these systems are covered. I would not 
think that these topics are important to the type of person who 
would be using this text. The third chapter concerns itself with 
logic for computers. Conjunctions, disjunctions, negations, 
implications, De Morgan’s Rules, and truth tables are some of 
the topics considered. The fourth chapter deals with being able 
to follow, but not write, a flowchart. Chapter 5 covers integer 
arithmetic, floating-point arithmetic, scientific notation (E- 
notation), and operations in E-notation. The last seven 
chapters are separated into the following seven topics: Interest 
and Mortgage Problems, Sequence and Series, Probability, 
Statistics, Linear Equations, Matrix Algebra, and Game 
Theory. Some of these later chapters, such as the chapter on 
Statistics, do not explain concepts well, and so it becomes a 
matter of accepting certain formulas on faith. I feel that the 
chapters on Logic and Interest and Mortgage Problems are the 
best in the book. 

It is hard to think of this book being suitable for “tens of 
thousands of people.” It may be helpful to some college 
students majoring in the humanities who find themselves 
exposed to the computer, but only a subset of the chapters 
would prove helpful. Another possible use for the book would 
be as a supplement to a programming book in an adult 
education or equivalent course. 

Bruce W. De Young 
Oakland, New Jersey 
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FORTRAN Techniques. A. Colin Day, Cambridge University 
Press, New York. 96 pp. $3.95, 1972. 

This book’s subtitle is “special reference to non-numerical 
applications” for good reason. In a slim 96 pages, the author 
covers many salient points on lineprinter graphs, table 
searching, keyword-in-context identification, stacks and 
queues, list processing, and sorting. The book fills in knowledge 
on a set of random techniques used by FORTRAN 
programmers in each of these areas; it is a practical book rather 
than a theoretical one. 

The first chapter contains descriptions of basic techniques 
such as flags and switches, packing and unpacking numbers, 
table translation, buffers, open-coded subroutines, and simple 
character manipulation hints which will work on even the most 
restrictive FORTRAN compliers. The chapter on line-printer 
plotting includes remarks on point, line, density, and histogram 
plots, the chapter on sorting includes four sorts, and the chapter 
on stacks and queues includes a description of simulating 
recursion in a FORTRAN program. The only fault I can find 
with the book is that Day wastes a chapter on “symbol state 
tables” (useful to check that data conforms to a set of syntactic 
rules), giving it too abstract a coverage for such a book. All in 
all, Day manages to pack copious hints and notes (including 
examples and diagrams) quite well into a slim but concise 
reference work. 

Brian N. Hess 
Western Springs, IL 
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Reflections At the End of Our 

Third Year 

From time to time | get questions from people at 
conventions, and from readers through the mail, as well as 
from my own staff, as to what the philosophy of Creative 
Computing is. Where are we going? What’s the magazine 
trying to be? And as we enter our fourth year, | suppose it’s 
an approporate time for the publisher to sit back and 
speculate a little bit on where this thing is going, this 
monster | created about four years ago, that in some ways 
has gotten completely out of hand. 

Our direction over the first three years has obviously 
changed. This is probably most apparent when you 
consider two major groups of readers, educators and 
home-computer users. Some educators have complained 
that we have given up the education market and we have 
become hobbyist-oriented. To this | would say, nicely but 
bluntly, that (1) you educators are rather narrow-minded if 
you think that the types of things Creative Computing is 
running are not appropriate for education just because 
they happen to focus increasingly on microcomputers and 
on manufacturers who don’t have the vast dealer networks 
or army of salesmen to be calling on schools. The 
educational value of a computer may be far greater if the 
student is dealing with an accessible, hands-on micro than 
if he’s dealing with a computer that can’t be touched by 
anyone but a “qualified field-service technician.” 

And (2) | would ask the skeptical educator: aren’t you 
happy to have other people reading a thoughtful and 
pedagogically sound magazine? Maybe Creative doesn’t 
look like a typical educational magazine anymore because 
we’re not running the dry scholarly articles that “should” 
appear in an educational magazine. However, we are 
running ideas that have a sound basis but we’re presenting 
them in easy-to-understand terms. This is rarely found in 
educational magazines which somehow feel that to put 
things in four-syllable words makes them more acceptable 
to faculty members who probably don’t have more 
understanding of these fancy words than the student, and 
certainly aren’t any more interested or inclined to read 
them. 

Actually we have very, very few educators who are 
criticizing Creative Computing and | hail the foresight of 
the majority of our educational readers. 

But that doesn’t get at the question of where we’re going 
and what our philosophical basis is. We have many diverse 
groups of readers: educational computer users, hobbyist 
users, time-sharing users, users of minis or micros, and 

big-system users. | guess the one common denominator in 
all of those descriptions is the word user. The assumption 
that we make at Creative Computing is that our readers are 
interesting in using their computer power. They are not 
tinkerers. They are not electronic nuts. Oh sure, they may 
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well tinker around to get their system working. They may 
well be immersed into electronics, but the main object of 
their purchasing a computer in the first place is not to 
solder boards together forever, or to learn about various 
communications protocols, or to build a fancy woodgrain 
cabinet for their finished machine, but it is to use it for 
some application. Be that personal, or educational, or for 
home-management, or building management, or for small 
business. The point is that the readers of Creative 
Computing, we believe, are interested in applications. 

Now, there are two levels to the applications. Some 
applications are original and unique enough to a par- 
ticular reader that he or she is the only person that can or 
will produce it. For these readers, we feel that our 
obligation is to provide programming techniques to make 
writing their application easier and more efficient. 
Techniques like sort routines, large-number processing, 
recursion, shuffling routines, and data-based manage- 
ment schemes. Also for the reader who is writing his own 
application, we present materials on different computer 
languages. Perhaps one application could be better 
implemented in APL, or Fortran, or perhaps the version of 
BASIC that is available to the reader is not compatible with 
that particular application because it doesn’t have the 
proper string-handling or file-handling capability. Conse- 
quently, we feel that another one of our jobs is to take a 
look at different types of BASIC compilers and their 
strengths and weaknesses. Ditto other high-level 
languages. 

In addition, for the reader who is writing his own 

application, we feel that it’s worthwhile to present articles 
like “Computational Unsolvability,” or “Catast:ophe 
Theory.” The first discussed certain types of problems 
which are not amenable to computational solution. The 
second looked at some completely unexpected types of 
curves that provide a framework for analyzing discon- 
tinuous events in fields such as biology, sociology or even 
the stock market. 

For another group of readers who are not so much 
interested in writing their own unique application, but 
rather in using finished applications or perhaps com- 
bining several to do something of use, we presenta certain 
number of complete programs. So far, most of these have 
been in the area of games, puzzle solving, and various 
other recreational applications. In the future, we expect 
these applications to broaden out into more serious areas 
such as text editing, word processing, building manage- 
ment, household management, and business functions. 
Of course, we'll continue to present games and 

recreational applications since these have proved ex- 
tremely popular in the past and, by my best estimate, at 



least 70% of the home users are using their computers 
almost exclusively for games and leisure. 

Along with applications, | think it’s equally important for 
one to consider what is really worthwhile doing with a 
computer. There are lots of things that can be done, but 
what is really worth doing? Now there is no hard-and-fast, 
cut-and-dried answer to that question. Every person is 
going to have to decide on his or her own part what is 
worth doing with his (or her) computer. However, from 
time to time, we will present articles and even fiction and 
poetry which will speculate on future computer 
applications and where they might lead. Of course, we 
would hope that any fiction or poetry that we would put in 
the magazine would be interesting and entertaining in its 
own right, but if we choose our material carefully, maybe 
we can also provide a message in this type of material. 

Since we’ feel that our readers have a user orientation, 
one other mission that we feel is appropriate is to present 
accurate reviews of books and other materials aimed ata 
user. As a result, we are the only publication going into the 
hobbyist market that has any kind of serious book-review 
section. If you read these reviews, you'll realize that many 
of them go far beyond reviewing the specific book in 
question, but present ideas, commentary, and thoughts of 
the reviewer. Our reviews, in other words, are con- 
siderably closer in character to those appearing in the 
New York Times Book Review than to the ACM Computing 
Reviews. 

| think it’s interesting to note that our overlap in 
readership with other magazines is heaviest with Scientific 
American by arather wide margin and then, secondly, with 
Byte magazine. What this indicates to me is that we havea 
very well-educated reader and one with a rather broad set 
of interests. Of course, they are interested in the hardware; 
many of them who are not in an environment with ready- 
made computers and terminals at their disposal are trying 
to construct their own systems and consequently have the 
need of a hardware-oriented magazine such as Byte. 
However, | think they realize that eventually their system is 
going to get up and running, or perhaps they hope itis, and 
at that point, then they’re going to need an applications- 
oriented magazine like Creative Computing. 
Some months ago, we had a major debate among our 

staff members and advertising reps whether or not 
Creative Computing should become a monthly magazine. 
There were good arguments on both sides. However, what 
it finally boiled down to was the fact that we were making a 
small amount of money and we had to choose how to 
invest that money most wisely. If we had become a 
monthly magazine, we would have had to put considerably 
more resources into soliciting advertising, since very few 
magazines can survive on subscription revenue alone. In 
other words, all of our excess capital for at least the next 
nine to twelve months would have had to go into catering 
to, and soliciting, advertising. Alternatively, we could put 
the same money into improving the editorial quality and 
hiring additional people on the editorial side of the 
magazine. This is what | elected to do. Creative Com- 
puting now has a larger editorial staff.of full-time writers 
and editors than any other educational or hobbyist 
computer magazine, bar none. For the foreseeable future, 
therefore, my intent is to improve upon the editorial side of 
Creative Computing. My intent is for it to be of the absolute 
highest quality. That is not to say there will not be 
occasional typos, or errors in program listings or other 
gliches. However, we have elected to make Creative 
Computing a leader as a result of its editorial quality rather 
than its advertising content. My belief is that, eventually 
advertisers will discover that Creative Computing readers 
like the magazine for its editorial quality and therefore will 
advertise with us and one will follow the other. On the 
other hand, its a risky business going out and soliciting 
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advertising, hoping that you get it, and then when you do, 
hiring the editorial people to beef up the quality of the 
magazine. One reader termed us the Scientific American 
of the personal computing field. That’s a very complimen- 
tary, but | think very apt, description of Creative Com- 
puting. 
Where do we go from here? Well, certainly more 

applications in a broader set of areas, more programming 
techniques, more speculation on what should be done 
with computing power, more reviews, and, oh sure, some 
more fiction and foolishness too, because along with all of 
the pedagogically sound serious material, there is astreak 
of foolishness in all of us. Or if notin all of us, there at least 
is in me, and as long as |’m the publisher, you’re going to 
continue to get some cartoons and triviality along with the 
serious stuff. 

But we'll be evolving too. We'll be evolving in response 
to technological advances and also in response to 
changing desires of our readership. The only way we know 
about these changing desires is from your cards and 
letters, so keep them coming. Oh, we also know from 
subscription cancellations and I’d just as soon you not 
keep them coming. Actually, we have an exceptionally 
high renewal rate compared to the magazine industry at 
large, which pleases me greatly. However, we’re not 
perfect. | recognize that and I’m happy for any comments 
that will bring us a little bit closer to what you, the readers, 
want to see in Creative Computing. 

It goes without saying that articles along the lines 
mentioned: above, or dealing with new things that you 
think would be suitable for Creative Computing, are 
always welcome. We pay for articles; you'll never get rich 
and you won't be able to retire on the money. On the other 
hand, it will probably compensate you for the time of 
sitting down and typing out your ideas in a coherent 
fashion to share with other readers. But one way or 
another, as an author orasacommentator or as acritic, let 
us hear from you. 

Over the last three years, our subscription solicitation 
letters have frequently invited people to join the Creative 
Computing family. | still think of the entire readership.of 
Creative Computing in that light, in their many and varied 
roles, as being part of one large family, one large family of 
intelligent, wise computer users. | hope you do too. @ 

David H. Ahl 



Creative Computing can help you select 
the best computer and get the most out of it. 

With so many new personal com- 
puters being announced and the prices 
coming down sorapidly, isn’t the best bet 
to wait a year or so to buy asystem? 

We think not. A pundit once observed 
that there are three kinds of people in the 
world: 1) those who make things happen, 
2) those who watch things happen and 3) 
those who wonder what happened. 
Today, it is those who are getting involved 
with microcomputers who are making 
things happen by learning to use 
computers effectively. 

Furthermore, it is not likely that we 
will see the same dramatic price declines 
in future years that have already taken 
place. Rather, one will be able to get more 
capability for the same price. 

The TI-99/4 has excellent color graphics and 
costs $1150 including color TV monitor. 

Which system is for you? 

No two people have exactly the same 
needs. You’ll have to determine what 
capabilities are important to you. Key 
variables include: 

e Upper and lower case. Obviously 
vital if you-are planning to do word pro- 
cessing or anything with text output. 

e Graphics. Most systems have 
graphics but the resolution varies widely. 
How much do you really need? 

¢ Color. Some systems are B&W, 
some have 4 colors, others up to 256 
colors. Many colors sounds nice, but do 
you really need 4, or 16, or more? 

e Mass storage. The smaller systems 
are cassette based; larger systems offer 
floppy disks or even hard disks. What size 
data bases do you intend to use and is it 
important to have high-speed random 
access to an entire data base? 

e Languages. Basic is standard but 
increasingly Pascal, Fortran, Cobol and 
special purpose languages are being 
offered. 

e Audio, Speech, Music. Are these 
features important for your planned 
applications? 

e Applications Software. Third party 

software is widely available for some 
systems, non-existent for others. Do you 
need this, or can you write your own? 

Unbiased, in-depth evaluations. 

At Creative Computing, we obtain new 
systems as soon as they are announced. 
We put them through their paces in our 
Software Center and also in the environ- 
ment for which they are intended — 
home, business, or school. We published 

the first in-depth evaluations of the Texas 
Instruments 99/4, Atari 800, TRS-80, Ohio 
Scientific Challenger, Exidy Sorcerer, 
Apple Il disk system and Heath H-8. We 
intend to continue this type of coverage, 
not only of systems, but peripherals and 
software as well. 

Sorting: A Key Technique 

While evaluations are important, the 

main focus of Creative Computing maga- 
zine is computer applications of all kinds. 
Many of these require that data be re- 
trieved or sorted. Unfortunately, most 
programming texts focus on the bubble 
sort (or straight insertion) and, very infre- 
quently, another technique (usually de- 
layed replacement) and let it go at that. 

Yet, except for comparison counting, 
the bubble sort is the least efficient. 
Tutorials and articles in Creative Com- 
puting demonstrate that the Shell-Metz- 
ner and Heapsort are from 50 to 13,000 
times as fast as the bubble sort! Consider 
a sort of 100,000 items on a DEC System 
10: 

Bubble sort 7.1 days 
Delayed replacement 3.8 days 
Heapsort 17.3 minutes 
Shell-Metzner 15.0 minutes 

Needless to say, on a microcomputer, a 
bubble sort of even 1000 items is 
agonizingiy long. 

Free Sorting and Shuffling Reprint 

Because sorting and shuffling (mixing 
alist of items) is so vital in most program- 
ming, we are making available a 20-page 
reprint booklet on Sorting, Shuffling and 
File Structures along with our May 1979 
issue which has several articles on writing 
user-oriented programs and making the 
most of available memory space. The 
reprint booklet and issue are free with 
12-issue or longer subscriptions. 

At Creative Computing, we believe 
that computers can be of kenefit to 
virtually every intelligent person in the 
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Free reprint booklet and issue with a new sub- 
scription to Creative Computing. 

Contributing editor Ted Nelson (L) is author of 
“Computer Lib/Dream Machines.” Publisher 
David Ah! (R) is a pioneer in computer models, 

simulations and games. 

country. We do not believe that the 
“Computer priesthood” should confuse 
and bully the public. As Ted Nelson stated 
in the Computer Lib Pledge, we do not 
treat any question as a dumb question, 
since there is no such thing. We are 
against computer terms or systems that 
are oppressive, insulting or unkind, and 
we are doing the best we can to improve or 
replace such terminology or systems. We 
are committed to doing all we can to 
further human understanding and make 
computers easy to understand, inter- 
active wherever possible, and fun for the 
user. The complete Computer Lib Pledge 
is contained in our May 1979 issue which 
we are furnishing free to new subscribers. 

Computer literacy to everyone 

The Creative Computing Software 
Division is participating with Children’s 
Television Workshop in an important new 
venture, Sesame Place. These theme 
parks are being designed to bring inter- 
active computer games and simulations 
to young children (and their parents) and 
remove the mystique of computers from 
the youngest segment of our population. 
In addition, we are participating in pro- 
jects with several school systems and 
museums to write reading comprehen- 
sion and ecology simulations software. 
We are also involved in a major college- 
level computer literacy project. 

As a subscriber to Creative Comput- 
ing, you will benefit from all of these 
activities. Creative Computing is the 
Number 1 software and applications 
magazine. Subscribe today — 12 issues 
for $15 ($9 saving over the newsstand 
price). Or, beat inflation and get 36 issues 
for just $40. Money back if you’re not 
satisfied. Send payment or Visa, Master 
Charge or American Express number to: 

Creative Computing : 
P.O. Box 789-M 
Morristown, NJ 07960 

Save time, and call your order toll-free to: 
800-631-8112 

(In NJ call 201-540-0445) 
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Edited by David H. Ahl 
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Volume 1 

In this 328 page book are all the articles, 
Stories, learning activities, games and 
puzzles that appeared in Creative Com- 
puting Volume 1. The contents cover the 
gamut of computer applications in education 
and recreation. Over 200 contributors are 
represented from college professor to high 
school student, from U.S. Senator to 
underground cartoonist and from corpora- 
tion president to science fiction author. A 
must for anyone concerned with the role of 
and potential for the computer in society. 

The contents are so diverse and 
numerous there’s room here for only a 

The best of 

Greative Corpatirg 
Partial Listing of Contents - 

ARTICLES AND COMMENTARY 

Editorials 

Birth of a Magazine — Ahl 
A Computer in the Classroom? 

ls Breaking Into A Timesharing 
System A Crime? — Tagg 

Where Are We Going? — Ahl 

Computers in Education 
What's Wrong With the Little 

Red Schoolhouse? — Ahl 
How to Cope With Your Computer 
Recent Trends in Mathematics 

Curriculum Research — Critchfield 
CITALA: Computing in a Two-Year College 

— Howard, et al 
EXPER SIM: Experimental Simulation — 

Monty Python Meets Monte Cristo — 
IFIP Conference Report — Hebenstreit 
Transportability 
The Parable of the Horse — Nevison 

Technical Transport Problems — 

CONDUIT Documentation Guideline 

Statewide Pools May Not Yield 
Expected Benefits — Magarrell 

Hard Core CAI 
PLATO IV System Progress — 

TICCIT System Progress — 

PLANIT: The Portable CAI System 

Careers 
A Computer Career for You? 

Career Education: Will It Last? 
Key to Your Future? — Corr 
Profile of an Industry 

¢ Applications 

Computers and the Weather 
Computer Simulation of the Atmosphere 

Weather Forecasting Applications 

Relativity for Computers: All Arithmetic 

Mr. Spock’s 7th Sense — Kibler 
Programming and Languages 
Structured Programming — Hoogendyk 
On Computer Languages — Ahl 
Toward A Human Computer 

Language — Cannara 
Learning About Smalltalk — Goldeen 
Eclectic Programming Languages 
A New Approach to Testing — 

© Computer Impact on Society 

The Computer Threat to Society — Ahl 
Digital Calculators — Then and Now 
The Computer. Threat to Society? — 
Putting Teeth Into Privacy 

Legislation — Hastings 
Industry Leaders at Privacy 

Hearings — Hastings 

Record-keeping in the Space Age — 
A Manufacturer Looks at Data 

Privacy — Fritze 

Survey of Public Attitudes Toward 
Computers — Ahl 

NBS Privacy Conference 
How Much Privacy Should You Have — 
Memoirs of an Ex-Social Security 

Number Giver — Campbell 
Crime, Cops, Computers — Malcolm 

Prosecutor Management Information 
System — Ahl 

Volume 1 
A Computerized Criminal Justice 

System — Boekelman 
Embezzler’s Guide to the Computer 

Credit Card Crooks 

Waiting for the Great Computer 

Rip-Off — Hastings 

Computer Abuse — Snyder 

PEOPLE, PLACES, AND THINGS 

Nicholas Copernicus 
Evelyn Roth 
PILOT 73 Information Exchange — 

Nolan Bushnell — Todd 
Playing PONG to Win — Ahl 
Your Own Computer? — Ahl 
Introducing Computer Recreations 

Corp. — Todd, Guthrey 
Creative Computing Compendium 
Flying Buffalo — Loomis 
Compleat Computer Catalogue 
National Computers in Education 

Conference? 
Public Access Questionnaire — Press 
Still A Few Bugs in the System — Ahl 
Computer-Generated Super-8 Movies 
NSF Awards 
Hewlett-Packard Computer Curriculum 

Project 
Can You Solve the Energy Crisis? 

Good Things From Oregon 
Letters to the Editor 
T-Shirt Ad 

sampling. 
Edited by David ANI. Large format 

paperbound, 328 pages, $8.95. (6A) 
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Volume 2 
Partial Listing of Contents - 

ARTICLES AND COMMENTARY 

i gehnology — Present and Future 
‘The Future of Computer Technology - 
Computing Power to the People 
Videodiscs — The Ultimate Computer 
| Input Device? - Bork 
Round and Round They Go 
!"he $2.98 Computer Library - 
Personal Computers 
Russian Computing - Ah/ 
)Desk Calculator from China - Chang 
\icroprocessors & Microcomputers 
| The State of the Art - Callahan 
«.anguages and Programming Theory 
(he Reactive Engine Paper - Winograd 

‘Nbout Computing - Chase 
David vs. 12 Goliaths - Newborn 
ibixth Chess Championship Summary 
beating the Game - Thomsen 
iBimulated Strategies of Game Playing 
| Reisman 
Beyond BASIC - Salisbury 
The Computer “Glass Box” 
| Teaching with APL - Peelle 
Dreative Chess - Koetke 
NNOBOL - Touretzky 
Smalltalk Airplane Simulation - Horn 
riificial and Extraterrestrial Intelligence 
on-Human Intelligence - Ah/ 
= Esoteric Ethical Excursion - Lees 
he Thinking Computer - Raphael 
ener on Artificial Intelligence - Garrett 

-€.1 Computers Think - Ah/ 
Ar Ear on the Universe - Lees 

> ‘mmunication Across the Universe 
he Cosmic Subway Line - Asimov 

*Literacy, Philosophy, Opinion 
What is Computer Literacy - Moursund 

Computer Literacy Quiz - Moursund 
A Fable - Spero 
Let Us First Make It - Tay/or 
Some Thoughts - Lees 
Information Anyone? - Griffith 
The Government Dinosaur - Winn 
The Magic of EFTS - Ah/ 

¢Computers in Education 
Instructional Computing in Schools - Ah/ 
Should the Computer Teach the 

Student, or Vice-versa? - Luehrmann 
The Art of Education: Blueprint fora 

Renaissance - Dwyer 
Computing at the University of Texas 
Computers in Secondary Schools - 1975 
Compyouter Fair - Thomas 
The Madness known as 

eEvery Person and the Computer 
Amateur Computing - Libes 
A Retail Computer Store? You Gotta Be 

Kidding - Dunion and Roberts 
Grand Opening - Cary 
Polls, Pols, and Power: The Computer on 

the Hustings - Acocella 
An Analytic Examination of 

Creative Computing - Ah/ 
How We Spent Our Summer 

Vacation - Lees, etal 
Art and Poetry 
Toward the Electric Symbol - Mueller 
Producing Computer Poetry - Chisman 
Interview with Carole McCauley 

Once Upon a Computer 
Computers and Beauty 

PUZZLES, PROBLEMS, AND PROGRAMS 

ePuzzles and Problems 
Puzzles, Puzzles, Puzzles - Ah/ 
Thinkers’ Corners, Recreations 
Turning A Puzzle Into A Lesson - Homer 

¢For The Calculator 
The Keyboard Game - Yarbrough 
7 Pocket Calculator Games - Rogers 
Calculator Tricks 

Mathematics and Geometry 
The Mystic Seven - Dickens 
Magic Squares on the Computer - Piele 
Non-Usual Mathematics - Reagan 
The World of Series - Reagan 
Change For A Dollar - Hess 
Sequences - Jessen 
Progression Problems - Reeves 
Seeing is Believing but Simulating 

is Convincing - Koetke 
Computer Generated Aids to Teaching 
Geometric Concepts - Barnes and Stocker 

Geometric Proofs - Kelanic 
Computer Planned Snowmen - McLean 
The Tower of Brahma 

¢Non-Mathematical Applications 
Roses Are Red, Computers Are Blue - Ah/ 
Haiku Generator - Emmerich 
Prejudice Analysis - Kahn and Gross 
A Prejudiced Analysis - McCarthy 
CMAPS: A Basic Program for 

Choropleth Mapping - Cerny 
¢Programming Techniques 
Heapsort - Chase 

A Comparison of Sorts - Grillo 
Days and Dates - Reagan 
Conditional Statements, Searching A List 

THE BEST OF 

creative | 
Gorepatirg 
VoL.2 EDITED BY DAVID AHL 

& 

$95 & 

336 pages of the best articles, fiction, 
foolishness, puzzles, programs, games and 
reviews from Creative Computing Volume 2. 
A diversity of information and activities so 
staggering it may well be the ‘‘one book 
must’’ you need for your reference and to 
recommend to your friends. A potpourri of 
information on languages and programming 
theory, on artificial intelligence, on com- 
puters in education and in the arts. 67 pages 
are devoted to puzzles, programs and things 

to do. The reviews alone could make the 
book. 

A sampling of the diverse contents is 
listed. 

Edited by David Ahl. Large format, 336 
pages, $8.95. (6B) 



Basic Computer Games 
Edited by David Ahl, this book con- 

tains 101 imaginative and challenging 
games for one, two, or more players — 
Basketball, Craps, Gomoko, Blackjack, 
Even Wins, Super Star Trek, Bombs 
Away, Horserace. Simulate lunar land- 

ings. Play the stock market. Write poetry. 
Draw pictures. 

All programs are complete with listing 
in Microsoft Basic, sample run and 

description. Basic conversion table in- 
cluded. 125,000 copies in print. 192 pages 

softbound. [6C]$7.50. 

More Basic 
Computer Games 

Contains 84 fascinating and enter- 
taining games for solo and group play — 
evade a man-eating rabbit, crack a safe, 
tame a wild horse, become a millionaire, 

race your Ferrari, joust with a knight, trek 
across the desert on your camel, navigate 
in deep space. 

All games come complete with pro- 
gram listing in Microsoft Basic, sample 
run and description. 192 pages soft- 

bound. [6C2] $7.50. 

f  STEPHEW J, HOGOWSKt 

ADELETIS 
yor 

OMEL TES 

Problems for 

Computer Solution 

Here are 90 problems with a thorough 
discussion and references for each. 
Eleven types of problems are included, 
for example, arithmetic, algebra, geo- 
metry, number theory, probability and 
science. Even includes three classic 
unsolved problems and seven appen- 
dices. 104 pages softbound, $4.95 [9Z]. 

The teacher’s edition contains solu- 
tions with complete listing in Basic, 
sample run and in-depth analysis ex- 
plaining the algorithms and_ theory 
involved. 280 pp softbound, $9.95 [9Y]. 

Katie and the 
Computer 

Fred D’Ignazio and Stan Gilliam. This 
is a delightful story told in words and full 
color drawings of Katie’s adventures 
when she “falls” into a computer. In 
Katie’s journey through the land of 
Cybernia she meets the Software Colo- 
nel, the Bytes, the Table Manager and 
even a ferocious Program Bug. Her 
journey parallels the path of a simple 
command through he stages of pro- 
cessing in a computer, thus explaining 
the fundamentals of computer operation 
to 4-10 year olds. Supplemental explan- 
atory information is contained in the 
front and back end papers. 42 pp. 
hardbound $6.95. (12A) 
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‘Computer Music Record 

A recording was made of the First 
Philadelphia Music Festival which is now 
available on a 12” LP record. It features 
eight different computer music synthe- 
sizers programmed to play the music of 
J.S. Bach, J. Pachelbel, Rimsky-Kor- 
sakov, Scott Joplin, Neil Diamond, 
Lennon & McCartney and seven others. 
The music ranges from baroque to rock, 
traditional to rag and even includes an 
historic 1963 computerized singing dem- 
onstration by Bell Labs. $6.00 [CR101]. 

[ 
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The Best of Byte 
This is a blockbuster of a book 

containing the majority of material from 
the first 12 issues of Byte magazine. The 
146 pages devoted to hardware are 
crammed full of how-to articles on 
everything from TV displays to joysticks 
to cassette interfaces and computer kits. 
But hardware without software might as 
well be a boat anchor, so there are 125 
pages of software and applications 
ranging from on-line debuggers to games 
to a complete small business accounting 
system. A section on theory examines 
the how and why behind the circuits and 
programs, and “opinion” looks at where 
this explosive new hobby is heading. 386 
pp softbound. $11.95 [6F] 



Greative 
GOlepatinrg... 
Two Free Catalogs 
Send for our big 20-page Book 

Catalog featuring a full line of Creative 
Computing Press and Book Service 
titles, back issues of Creative Computing 
Magazine, t-shirts, posters and games. A 
Sensational Software Catalog of over 400 
outstanding microcomputer programs is 
also available. Each package is outlined 
in detail with accompanying screen 
photos and illustrations. Make the most 
of your computer resources with Creative 
Computing! 

Computer Coin Games 
Computer Coin Games by Joe Weis- 

becker aids newcomers to the field of 
computers by simplifying the concepts of 
computer circuitry through games which 

can be played with a few pennies and full 
sized playing boards in the book. 

Enhanced by outrageous. cartoons, 
teachers, students and self-learners of all 
ages will enjoy this 96 page softbound 
book. [10R] $3.95. 

_ Artist and 
Computer 

This unique book by Ruth Leavitt 
covers the latest techniques in computer 

art, animation and sculpture. In its pages 
35 artists explain how they use compu- 
ters aS a new means of self-expression. 

The San Francisco Review of Books said 

“Get yourself a copy of this book if you 

enjoy feeding your mind a diet of 

tantalizing high-impact information.” O- 

ver 160 illustrations, some in full color. 

121 pages hardbound [6E] $10.00. Soft- 
bound [6D] $4.95. 

Computers 
in Mathematics: 

A Sourcebook of Ideas 
Here is a huge sourcebook of ideas 

for using computers in mathematics 
instruction. This large format book 
contains sections on computer literacy, 
problem solving techniques, art and 
graphing, simulations, computer assist- 
ed instruction, probability, functions, 
magic squares and programming styles. 

One section presents over 250 prob- 
lems, puzzles and programming ideas-- 
more than is found in most “collection of 
problems” books. 

Pragmatic, ready-to-use, classroom 
tested ideas are presented for everything 
from the most basic introduction to 
binary numbers to advanced techniques 
like multiple regression analysis and 
differential equations. Every item dis- 
cussed has a complete explanation 
including flowcharts, programs and 
sample runs. 

The book includes many activities 
that don’t require a computer. And if 
you're considering expanding your com- 
puter facilities you'll find the section on 
how to select a computer complete with a 

microcomputer comparison chart inval- 
uable. 

Much of the material has appeared in 
Creative Computing but the back issues 
are no longer available. Hence this is 
your Only source to this practical and 
valuable material. Edited by David H. 
Ahl,this mammoth 224-page softbound 
book costs only $15.95. (The individual 
issues, if they were available, would cost 
over $60.00). [12D] 

The Colossal 
Computer 

C a rt 0) Oo n mst ora [ale [chien 

Book fs : © @ ¢ 

aire 
ia 

Eooweck 

“This is Mom.” 

The best collection of computer cartoons 
ever! 15 chapters of several hundred car- 
toons about robots, computer dating, 
computers in the office, etc. Great gift item. 
128 pp. softbound $4.95 [6G] 

The Impact of Com- 
puters on Society and 
Ethics: A Bibliography 

Gary M. Abshire. REFERENCE 

Where is the computer leading us? Is 
it a menace or a messiah? What are its 
benefits? What are the risks? What is 
needed to manage the computer for 
society’s greatest good? Will we become 
masters or slaves of the evolving com- 
puter technology? This bibliography was 
created to help answer questions like 
these. It contains 1920 alphabetical 
entries of books, magazine articles, news 
items, scholarly papers and other works 
dealing with the impact of computers on 
society and ethics. Covers 1948 through 
1979. 128 pp hardbound. $17.95. [12E]. 

Be A 

Computer 

Literate 

Marion J. Ball & Sylvia Charp 

This informative, full color book is an 
ideal first introduction to the world of 
computers. Covers kinds of computers, 
how they work, their applications in 
society, flowcharts and writing a simple 
program. Full color drawings, diagrams 
and photos on every page coupled with 
large type make this book easy to read 
and understand. Used as a text in many 
schools. 66 pp softbound, $3.95 [6H]. 

To Order 
Send your check for books plus $2.00 

shipping and handling per order to 
Creative Computing, P.O. Box 789-M, 
Morristown, NJ 07960. NJ residents add 
5% sales tax. Visa, Master Charge or 
American Express are also acceptable. 
For faster service, call in your bank card 
order toll free to 

800-631-8112 
(in NJ, call 201-540-0445) 

creative Corpatirg 
P.O. Box 789-M, Morristown, NJ 0796 
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