
is a newspaper about ... 

having fun with computers 
5earning how to use computers 
how to buy mini-computers 
books, films, music 
tools of the future 

Does PCC Tickle your interest in computers? 
Want to learn more and have plenty of "hands
on" experience? Join us at the University of 
California Extension courses the weekend of 
March 31, April 1. We've raught this class on 
7 UC campuses for teachers all over the state. 
Try it - you'll like itl 

WORKSHOPS IN COMPUTER SCIENCE 

Instructors: ROBERT ALBRECHT, People's COmpUtlll' 
Company and LEROY FINKEL, Rawnswood High School 

Schlltu": March 31 - April I ; 9 a.m. - 10 p.m. Saturday; 9 a.m. -
6:30 p.m. Sunday: Lawrence Hall of Science, Berkeley campus 

Crlltit: Two Quarter units in Computer Science, each course 

Fee: $65 each course. inCludes laboratory fee and some materials. 
Enrollment is1imited 

For information telephone 642·1061 in Berkeley 

Computers in the Classroom X 402A (2) 

An intensive "hands on" introduction to the use of calculators 
and romputers in elementary and serondary school education. 
Participants use programmable calculators and learn the pro· 
gramming language BASIC, using both timesharing terminals 
and small romputers. Methods for effectively using romputers 
in the classroom and analysis of available hardware, instruc· 
tional materials, romputer education programs, and sources 
of further information. The rourse is ronducted as an Opefl 

classroom with activity centers for mathematics, science, 
business education, and social science teachers. It spans all 
grade levels - elementary through roUege. No previous pro
gramming or data processing knowledge is necessary. 

Computers in the Classroom: 
Individualized Instruction X 4028 (2) 

This rourse is a rontinuation of Computers in the Classroom 
X 402A, and it gives participants the opportunity to ino-ease 
their romputer problem·solving skills. The rourse is run ron· 
currently with X 402A, which is a prerequisite. 

Games Computers Play X 407 (2) 

Spend a weekend matching wits with a romputer. Participants 
play computer games and explore both real life and "worlds 
of if" through the medium of romputer simulation. Games of 
skill, games of chance, and games to learn by. Computing 
equipment is available throughout the rourse. No previous 
oomputer experience is required. The course is run roncur
rently with Computers in the Classroom X 402A and B. 

, 

See insKte! 

Bob Albrecht 
Jerry Brown 
Peter Lynn Sessions 
LeRoy Finkel 
Mary Jo Albrecht 
Marc Le Brun 
Jane Wood 

Contributors -
Don Hotznagel 
Nann Thompson 

PEOPLE'S COMPUTER COMPANY 
is published 5 times during the school 
year. Subscriptions begin with the 
first i$$lie, October 1972. 

Single wbscriptions - $4 for 5 issues 
f$5 Canada and overseas] 

Group wbscriptions, mailed all to the 
same address -

Wormore 
30 or more 
100 or more 

$3.00 each 
$2.50 each 
$2.00 each 

Subscription coupon on back cover 

c.aaaAJOM 
help? 

CENTER OF ENVIRONMENTAL SYMBIOTICS 
a non-profit corporation 

ecologic research design public education 

" .. . We have no romputers but we are trying to get hold 
of a TTY or ASR·33 used or new, a plotter ('step' type), 
a binary card punch and a regular printer which can inter
face with Resource One. We are seeking a rompany which 
can use the tax relief inherent in donating this equipment 
to a 5011C)3 organization." 

Dan Collins, Director of Projects 
411 Alcatraz Avenue 
Oakland, Ca. 94609 
(4151658·3599 
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COMPCORP 

Q)MPCQAP is an advanced computer course at San 
Ramon High School in Danville, organized into a 
sam!! oompany. It is run by the students, mostly 
juniors and seniors, who maintain and operate dif· 
ferent departments and work in different positions. 
The company was first started by 15 computer 
students in 1969 with senior Paul Salsgiver as 
COMPCQAP's first manager. A math teacher at 
San Ramon organized the small company and has 
been with COMPCDAP ever since. COMPCQRP is 
unique in that it is believed to be the only high 
school company in the nation set up 50 that they 
can market their programs on a competitive basis 
with established data processing firms. CQMPCQAP 
was started to give computer students experience 
in a real·life business office. 

In its lifetime. COMPCORP has made many sig
nificant accomplishments. After three years of 
operation, they have yet to encounter a program 
which they could not solve. During its first year 
two students from COMPCORP. Don Eagling. a 
junior, and Paul Salsgiver were hired by Robert C. 
Hess. computer programmer at Gordon H. Ball, Inc. 

Don Eagling became COMPCORP's second 
manager in 1970 and during that year, COMPCOR P 
began to sell its programs to local busineu firms. 
Applied Radiation Co. in Walnut Creek was one of 
the first companies to hire COMPCORP. "I couldn't 
be more happy with the program they worked out 
for us" said Dexter Dawes, an executive from 
Applied Radiation who was responsible for hiring 
the youths. COMPCORP also designed programs 
for Dr. R: il1~rc! !. Lev!n. Thf! prog!1'!I'!'IS W~!!! uS!!d 
in the third edition of his book, Quantitative 
Approaches to Management. Students in COMPCORP 
were also given free use of Gordon H. Ball's data 
processing facilities during that year and students 
were given the opportunity to learn FORTRAN IV. 
This year Roy Anderson is the first junior to become 
COMPCORP's manager. Thev have established 
programs for local realtors and are currently solic· 
iting other contracts such as Dr. Levin's. 

For further information on COMPCORP
COMPCORP 
P.O. Box 541 
Danville, Ca. 94526 

HP EDUCATIONAL NEWSLETTER 

As we said in the OCT 1972 issue of PCC, the 
HP Educational Users Group Newsletter is 
GOOD. Now HP has packaged the first two 
years in a single volume and it's yours for only 
$2.00 even if you are not a member of the 
Users Group. Your 2 bucks (check or money 
order) buys you 116 pages of good info-
get it from EDUCATIONAL USERS GROUP, 
11000 Wolfe Road, Cupertino, Ca. 95014. 

I Remember .. ' send check or money order, 
HP will not bill you I 

FLAIl I 

PEOPLE'S COMPUTER CENTER 

Classes and other events 

PCC is a place! Tue!d.ay, Wednesday, and 
Thursday afternoons and evenings the place 
changes from a funky office into an open 
classroom. For scheduling ease, we've split 
the·time up into three "slots" - two in the 
afternoon and one for the evening. Here is 
our current schedule: 

1 - 3:30 3:30 - 6 

1UE CresOlilnl Plrk Open clu, 

WED LothlOllen open clln 

THU Open class &trron Perk 

7-9 

Open cllSS 

Open clan 

los Alto, HS 

The slots with school names are school·credit 
classes by arrangement with the schools. Wood
side Elementary also has a couple of "slots" in 
tne morning, but we can't offer anymore morn
int ones due to staff limitations and our some
times desire for peace and quiet. 

Prices: 

Afternoon times are $2 per person per hour; 
we also have a bargain rate of $20 per person 
for six weeks. 

Evening times are $2 per person per session. 
You can pay for several sessions in advance, 
but there is not "quantity" disoount. 

What do we do? We have games (computer 
and other), problems and projects, and be· 
ginning programming in BASIC and PIWT 73 
(new, easy language,just up and running). 
Evening sessions have special events from time 
to time. We show films when we can get them; 
recently we gave everyone a computer·generated 
1973 calendar, and set out watercolors for every· 
one to make their own custom calendars. 
Suggestions are welcome ... 

FASTcmp EDUCATIONAL PRICE SCHEDULE 

Co!':nect Charse ....... _ . .. . .. _ .....•.....••. , .••....•. $4.95/Hour 
(1;-0 Hinmu.-n Charge. I{o Initiation Charge. No CPU Charge) 

PL.A11 II 
Dedicated Port: Under this plan the educational 
user enjoys "the exclusive o.:-.d dedicated use of a 
port 24 hours a day, 1 days a week ......•....•.•..••• $115/~onth 

?Lk1 III 
Decicated Port ~ith Telenrinter and Counler: 
For the educational user ~equiring the excl~sive 
and dedicated use of a port along with a tele
printer and acoustic coupler 24 hours a day, 
7 days a veek .....•••...... • , • , ..•......•• , .•........ $250/Month 

Storage CharEe .•.....•. $l/l.OOO Characters/J.1onth 

i'ote: PI.AllS II to III are for 10 months and include 20,000 free 
characters o~ storage. ~~ltiple port discounts available. 

Mail To: COMPUTER SOLUTIONS INC., 200 Freevay Dr. E., E. Orange, N. J. 07018. Attn: K. Schlegel SOLll't\ONS 0 
U\e.Po . ('\ seo\ \ 

r;pt/lP . \0((("\&\10 ,.\ONS. 
_Please send additional FASTCOHP literature. ?/ane______________________ . !p(1'\e lo SO\.U S ,-

\-,\efe l<i t/lPU\~~nnI"I5ef·les 'I 
u~ b'l eO aO \-\p.LV",": ¢ _ 30'1 

_ Please call me regarding an on-line d~o 
of the folloving et our school: 

_ FASTCQt.P Educe~ional Systems 
_251OT Teleprinter ProJector 

Position' ______________ Tel _____ "'\(1'\el<iO('\.\C.e\nelf 91'1 ? /)"o'lot 

\e(1'\. ~e Iles\ 01,1\ \nef;epOf\ on 
School ______________________ (1'\Ofe \1\C.e f~ care \0 CSn 

CS\ use • WI\" 
..,01.1 per\ef'lC 

Address ______ 'OU.'.' .... 
_Please call rc in-house computer capability. City __________ State, __ ~Zip, ___ _ 



LeRoy Recommends .. 
What is a Computer? 

\1arioll Ilall 
/loughlon Mifflin Company 
Price: S2.95 

If you are looking for a good softbound book 
'that explains computers to younger kids here 
it is! What is a Computer? is brief but to the 
point. It won't turn you into a computer 
professional but gives a light introduction to 
computers and a little about their history. It 
even includes a nice glossary. 

The book is full of pictures and multicolor 
drawings which makes it ideal for younger kids. 
We'd recommend using it as a reference book 
for grades 5-8 and/or use it with older students 
with reading difficulties. 

HOUGHTON MIFFLIN 

R-sIIio",1 511 .. Off~: 
53 W. 43rd St .• N_ Yortt. NY 10036 
666 Millmi Ch:lI. NE. At .. l1U. G,. 30324 
1900 So. s.tII'IiI A_1M. Gene".. III. eo1 34 
6626 o.kbrook BNd •• 0.1 .... T .... 75236 
n7 C.litorn'" A".,"'10 Atto, c.. 94304 

LeRoy 
Flowcharting 

Pans •.. 
Introduction to Computer 
Programming 
Rwld Crowford Jr 
Price: 83.00 

COMPUTERS, PEOPLE AND DATA 

by lIeri!' II. II ood 
Suufh·1I pslern l'ubllsl..,I, (.i.J1I1tx'n.v 
5101 H"di.,oll Ruml 
Cincinrzali, Uhio 15227 
l'ricl': $1.68 

This is the companion volume to You Are 
a Data Processor. Together, they contain the 
same content (no programming) found in every 
other introduction to data processing text. How
ever, Merle Wood has scrunched what is nor
mally found in 500 page books into 140 pages 
(the two books together). In the process he 
left in enough to cover the topic and took out 
all the garbage other authors have bombarded 
us with. When you go through this well illus
trated, easy-to-read book, you'll wonder why 
you ever covered this topic in any more depth 
than you find here. 

LeRoy Sez "All right!!" 

The first 40 pages cover all the essentials 
of history, data processing cycle, input/output 
and central processor. The next 25 pages deal 
with the "flow of data" which shows how to 

YOU ARE A DATA PROCESSOR 

by Uf'rfl' II. !food 
Soulh-Welll'rn Publishing Company 
5101 Haillson Road 
Cincinnali, Uhio 45227 
Ihce: 11.68 

" ... there has been a continuing demand by 
teachers for materials which are elementary in 
nature, easy-to-understand, useful for simulated 
Aands-on experience, printed in small modules 
and which can be taught by an instructor with 
limited data processing background." From 
the Preface_ 

AMEN. Five years ago we were looking for 
just these kinds of materials. And now they 
are finally available ... covering topics that are 
five years old! When will we ever get over the 
syndrome that says you must learn about all 
the punch card equipment to be a data processor? 
Cards, yes - all the card equipment, no. The 
first 26 pages of this book are a nice light intro
duction to data processing. From there on the 
author should have progressed directly to his 
book on Computers rather than giving us the 
details of card sorters, collators, reproducers, 
interpreters and tabulators. I was particularly 
turned off by the exercises: (i.e., "Be a collator") 
But Merle Wood did make one giant break
through. This softbound book uses excellent 
graphics. They are clear and easy to understand. 

Two more softbound books in Houghton 
Mifflin's series on computers - but don't 
bother! We admit we are prejudiced against 
any book on flowcharting or an entire book 
written about an imaginary machine language. 
Disregarding this prejudice, we still would not 
recommend these books. Both books are dull 
to read. They use very traditional language, 

use computers by following processes in a spe
cific application. Though important, I found 
this section anticlimatic. The book concludes 
with five special projects, one of which was 
"writing" on magnetic tape, another "punching" 
punched paper tape. 

LeRoy Sez "Sorry bout that. Although it has its weaknesses, I really 
did like this book. It makes excellent use of 
original graphics and is written in a highly 
palatable style. You might compare it with 
What is a Computer? 

format and layout, so traditional in fact, that SUJtJl".{tiOfl /0 :Wuth-II f>dl'rt' /)ubli,fhlng: It I'park01!f! 

it's hard to imagine that the same publisher 1Xlltl'S I :!ti 0/ lOt IR f I 1> 11'-1 PIWU;.-;SOR and 

The book is written for students with reading 
problems and is designed to take roughly 15 
hours to complete. The book concludes with 
five projects for students to do - they are 
original but we're not convinced they're 
beneficial. 

who brought us What is a Computer? had ptlJ:"l J 39 of Ihi.\ "()O~· (I.( filii' unit and add somc 
',.,' I SorryMerle-LF to do with these two~,:.... _________ "_"_W_'_"_'_'_' _"_"_'1_"'_·_'_' _____________________________________ ....1 

• U~TERRUPT • newsletter of 
computer people for peace 

Interrupt is probably the best 
source of information on the 
problems that socially conscious 
persons working in computer
related jobs in industry encoun
ter. It is therefore invaluable to 
students who are considering be
coming computer professionals, 
as well as concerned people in 
general. Controversial issues are 
discussed, and various confer
ences where computer people 
gather are covered from a point 
of view similar to pcC's "Use 
oom~uters for people, not 
against them_" 
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Comput~r People fo~ Peace 
291 Sterling Place 
Brooklyn, New Yo~k 11239 

CPF, now in existence for alnost five 
years, is the only orga.'1.ization in the 
co~puter field that stands for peace, 
equality and civil liberties for all 
people--a.'1d for the use of co::':?Ute.t's and 
technology to help achieve these goals. 

WHERE THO: f:ONEY GOES: 
To publish INTERRUPT. This issue cost 

over $500 to print and to mail to our 
members and friends in the U.S. and abroad. 

To hold "S/JJE:R" conferences for mer.lbers 
and friends. 

To publicize and hold public meetings 
on computer uses and misuses. 

To research and print in-depth booklets 
on computer technology in ~·ar I data banks. 
and health. 

To aid and cooperate with nationwide 
movements against war and Oppression. 

To get together :::e:!'!:Iers to form new 
CPP collectives, which ~ay share the 
responsibility for publishing INTERRUPT. 

In order to actively face the next 
four years, cpp nee.ds youl Won' t you pay 
your 1973 dues no~1 In accordance with 
the wage/prIce freeze, helo is still 
volunta:y and dues are stiil only StOl 

o 

o 

I'd like to join. Here's my S10. 
(Booklets free if you join na,I.) 

Please ~~t me on the nailing list_ 

please send me the CPP booklets: 
copies ot Oata B~"ks. Privacy and 

---- Repression ~50¢ 
copies of Health: 8ig Business for 

---- Co~puters ~50¢ 
copies of 1'echnological Warlords IPS! 

-All 3 for $1.50 0 
/1 And 1t e.nnot b • .,td that th • .cot')' .nded blppth .1I1t .tter for 

g 3 l;f?W~ tu'l _t~tli ~ ~ CrN,STATE,ZIP' __ _ 

H~VER THE LITERATURE! 

NJoME. ____________ _ 

~R~· ___________ _ 



New paperback 

called a bargain 
SlInuulIion In th~ Clauroom, by John l. Taylor 

and Ru Walford (Pcnauin Books. 7110 Ambassador 
Rd .. Baltimore 21207-1972). $1.951 

Excerpted & Reprinted from 
Simulalion/GamingfNews 

Taylor and Walford have wrilten a book which 
meets the threal of the ubiquitous photocopying 
machine. When you can get 190 pages of well·indexed 
malerial for about S2. why bother to Xerox? 

The chief virtue of Simulation in the Classroom is 
not lIS low price, but its quality. Taylor is from t:1C 

University of Sheffield and Walford from Maria Grey 
College at Twickenham. and anyone who believes 
"educationalese" is necessary hasn't seen this book. The 
message is presented straightforwardly-as though 
educators in Great Britain had been using the language 
for centuries and were at home with it. 

The first part of the book is a succinct 
introduction to instructional simulation, the second part 
is given over to presentation of six games and 
simulations, and the third part is a listing of relevant 
materials. 

The book describes siX games and Simulations: 

The HEREFORDSHIRF FARM GAME is a 
relatively simple and structured ,arne which introduces 
lome buic: ideu .bout the process of farmina and the 
decision tlkin, involved within it. It hu been used often 
in primary schools, as well u .t the secondary level. 

FRONT PACE is .Iso simple in style-with an 
additional constraint of "workin, .g.inst time" built 
into it. Its use is mOIl likely to be within the English 
t!~~room !hm:.h, :: th~ it:tho; pui"~i "ut, Ui .lmi hiYe 
• mOfe aeneral si,nific.nce both in retard to its 
principles of operation, and in rea"d to the discussion 
of whit il "important" news. 

CHEMICAL MANUFACTURING crosses 
disciplinary boundaries, and is a aame in which the 
problems of business «onoma intrude on • specirically 
scientific context. If allows much discussion and 
"barg.ining" within a simple rule structure. 

The URBAN GROWTH model is of a different 
kind-an example of the m.them.tical model in which 
participants are operator' of processes (throuab random 
numbers tables) rather Ihan continuina decision makers. 
This Monte Carlo style simulation seeks to reproduce 
acneral patterns, r.ther th.n secount for individual 
evenls. 

CONGRESS OF VIENNA is essenlially an 
open-ended simul.tion in which much back around 
inform.'ion is provided before open discussion; 
"llny1hina may happen," Includin, a simul.ted treaty 
dis'areement, or final confusion (war?). 

The CONSERVATION GAME, like CONGRESS, 
also takes some considerable time 10 oTganiu and pl.y 
.nd is different in se.le from Ihe e.rlier examples in Ihis 
respect. Here there lie 8 wide variety of role·briefs to be 
mlStered, and a need 10 reach a fin.1 decision about 
siUng an airport. 

All six gaRles and simulations do nol lack 
classroom experience and teslina. Ind .11 have proved 
themselves successful in the eyes of a number of teachers 
who have used them. 

By the time this appears in print, Ihe American 
edition should be available. The English edition bears a 
price of $ 1.95 Canadian. -S/G/N 

Simulation Gaming N~, an Alohn and 
Hyer publication, is issued five times a year 
(every other month except in the summer). 
Subscriptions are $4 for five issues, and checks 
(not purchase orden) should accompany 
subscription requests. Zip codes also should be 
supplied. Advertising rates and specifications 
are available upon request. Communications 
should be addressed to S/GfN. Box 3039, 
University Station, Moscow, Idaho 83843. 

Note the new 
"Way Up North" ....... 

lor S/G/N 
rrom now on! 

Mod Man~s;":'I~_~~'~~~b'~"~"~'~~~ 4 
FranciKo, Ca, 9.11 •. 

LOOKING 

Only 8 years old, 
but already 8 classic 

PROBLEMS FOR COMPUTER SOLUTION 

by Fre(1 Cruf'nbt'fJ!,f!r and Ceo,.". Jaffro.)· 
John II lie), (l1Il1 SO(l3, 111('. 

MS Third l'f'lIuf! 
'f!u' lurk. \Y 100/6 
I+;c(': S6.95 1965: 101 pages 

After you learn to talk to computers, what do 
you talk about? If you want inspiration, try 
this book. 92 problems, something for every· 
one - easy, hard, math, non-math, all beautifully 
written. 

INTRODUCTION 

PROBLEMS FOn C011PUTEH SOLUTION 

This book is addressed to the student of digital computing. 
Such a person presumably wishes to learn many things, among 
which are: 

1. What is a digital computer? 
2. How does it operate? 
3. What is it used for? 
4. How is it programmed? 
5. What are its limitations? 
6. What should we compute? 

In the learning of any subject (tightrope walking, for exam
ple) there is a sharp distinction between theory and practice. 
Theory is fine up to a point, butthere is no substitute for actual 
practice. To make the practice meaningful in a course in com
puting, the student should work independently on a problem. pre
ferably one of his own choosing. He must avoid chOOSing too few 
problems, limiting himself to three or four grandiose problems. 
He should rather plan to do many of the easier exercises. He 
w111 find that he develops his problem-solving ability much 
faster by solving many apparently Simple exercises. Thesepre
pare him for attack1.ng the bigger p!'oblems. He can actually 
complete more big problems by first doing the easier exer
cises which lead up tothem than he could accomplish by attack
ing those impressive problems directly. 

The sixth question raised above (What should we compute?) 
thus becomes important. The que,:,ilon has a double meaning. 
In its smaller sense, it could mean the choice the student must 
make, to select a problem consistent with his capabilities that 
he can hope to complete in time. In its larger sense, it refers 
to a more iundamental problem: namely, what are the attributes 
of a good computer problem? In other words, what are the char
acteristics of any problem that is suitable for computer attack? 
These characteristics can be listed. 

In the practical world, where computer time is measured 
in dollars per minute, an overriding attribute of a good com
putcr problcm is WSCflllllcss. With rare exceptions, industrial 
users of computing eqUipment are somewhat cool to the idea of 
extending tables in number theory, for I::xample. In the atmos
phere of the school, however. this reqUlrement can be waived. 
Any problem that fits the other requirements is automatically 
useful for the training process. 
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" ••• anb a little cbilb sbaU leab tbem" 
We recently received this letter from the director of a college computer center. 

Dear SiT!>: 

Would you please send me an examination CODY of MY Co~puter 
Understands Me. Recently we had sOTl'le hiqh school sturlents on 
campus usino our cOTl'lputer and they told me ahout your pub
lication. It looks as if we right be ablp to use it in OUT 
progra~minQ class. 

MY COMPUTER LIKES ME
*when I speak in BASIC 

Sinill~ cupiu:II.19. Calif.rn add ,,, If/X • 

Order from Dymax, P.O. Box 310 
Menlo PII'*. CA. 94025 

Furmtrty t'nlilkd My CQmpult'T Und~'Jlarull Mt' 

The second printing of our very own introduction 
to BASIC. Completely re-typeset, now with a bright 
orange heavy duty cover. In an easy going, conversa
tional style, Ihis 64 page workbook introduces BASIC 
to young or old. Designed 10 be used with frequent 
access 10 a timeshare terminal (learn by doing!), we 
use this large formal book in our introductory work
shops for people with no previous computer experi
ence or knowledge of programming. The teaching 
examples are oriented around population problems 
and demographic data. 
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AUD~O·V~/UAl(! fif[fliZA~~c?N ~ 
E!ElMPllTER FlbM E!ATAbEl6S 

Several months ago we began a search for comprehensive catalogs of films of interest 
to computer use rs and educators. To our disappointment , we discovered only two 
that were reasonably current. We were also disappointed to find that the only 
evaluative film reviews seem to be pub lished sporadically in small, often locally
circulated newsletters like Timely T I.£.S Topics 0 11 Ili structiollal Services. 

Some time back, we received a preliminary manuscript for a film catalog to be 
published by the Association for Computing Machinery's Committee on Secondary 
School Programs. We wrote to Don Spencer asking the status of the project , and 
received this reply: 

"Work ofllhe ACM film list has terminated due (0 inadequate publishing funds. 
I am. Iwwel'er. producing a film list for a teachers manuscript. Will send you a copy 
of this book upon publication. " 

PCC would love to hear from you regarding films you have used or seen. Tell us 
about the bad ones as well as the good ones and the setting in which they were used , 
and we'll publish your reviews in future issues of PCC. 

Directory of Films for Data Education 
SDE Publuhins Office 
2- 76 Union 
Northfield, Vermont 05663 

This catalog contains about 300 rums, listed 
alphabetically by title , plus a listing of Film 
Sources. No subcatagories or cross referencing. 
It appears complete. Film descriptions are 
unfortunately nonevaluative . Each year the 
directo ry is bound in as a special section of 
Dala Education magazine, or the 1972 
catalog may be ordered separately, bound 
with a soft cover for S2.25, cash with order , 
postpaid from the address above . We assume 
that the 1973 catalog will be o ut in the 
February issue of Data Educalion . Examples 
o f listings: 

GROWING 
A eomputl'r - anlmated film deple Ung Crowtll Pro
v ~dl'. an Opp<Jrtun~ty 10 beeOnll' aequalnled with 
compute r an imaUon. Grow!b I" a bout lUI' and Ihe 
multlludl's o f experil'nel'S thai make liv ing what It 
Is for " I eh Individual. Discus sion needed ineachuse 
10 Inte rpret film In te rms of P:lo$ t ellperlenee ot 
!be k roup ",alehing 11 _ EBEC 
1969 eolo r rental $3 .00 1 mlnutl'S 
Unlv"rs lly o f Michigan 

THE MYSTERY OF STONEHEDGE 
Prelo l"nlS an aec<)Unl of Stonl'hedge , a prehl . to rle 
li tonl' monument In England_ Tests the theory that 
It wali built as an observatory and eomputer. 
Produced by CBS-TV 
1965 rental $15.00 51 minutes 
Unlvl'Ts lty of Southern Califo rnia 

NO. 00113 
Into the eold, dispassionate atmosphere of a factory 
run by human automatons eomes a small red butter
fiy _ Allraeted b)' the little creature and coneerned 
lor Its safety as It nus close to the presses, the 
workers sholl' their fir's! slen of human emotion 
The rum eCtmments on the dehumanlu.tlOD 01 life 
In a tec:hnoloclcal ","orld. Produced by Short Film 
StudiO, Wars aw. Sc:rlpt, dlrec:tioD and rrapblcdl'slrn 
b)' Jan Habarla . 
Color rental $13 .50 9 minutes 
CODtemporary/ MeGraw Hili 

HYPOTHESIS BETA. 
This ea rtoon , without narration, but with I'.lpresslve 
sound etfeets, plays OUt a drama that takes plaee 
I'ntirel), on a computer eard . An Is olated perfora
tion creates havoc out of sheer boredom between 
r eadlnrs . (SOc:le le des film Oneaux-McGraw Hili ) 

1 minutes 

Audiovisual Media for Computer Education 
Science Associates/ International, Inc. 
23 East 26th Street 
New York , N.Y. 10010 
(212)532-1955 

48 pages, 452 listings, 50 classificatio n 
head ings with cross referencing , subject 
index, film source addresses. S5.00 plus 
25 cent s postage and handling. 

This ca talog offers a lot o f films to choose from , 
but is not always good about how to get them. 
Many of the film s are available from sources ill 
addition 10 those listed (true also o f the DATA 
EDUCA TlON ca talog) . This catalog includes 
films from o ther countries and in languages 
o ther than English. Examples of listings: 

ca.Pl1tlNG FOil '-UN 

8.i, O.S.A. 

8<>11 TelepA,,~. uboratorue 

Dr. J.R. Plerc. d •• cribIAl no. ca.puter .ueic I ••• de. 
b_plu or tb •• u.ie, r.~8i,,& fra. .,.pl. till b'snL1 
"ocpl •• ere rr •• ent.d . 

1:t_S~'i£<>_lJlGI"l'/I CC041 j&ll a~1fn~Uts-LIY.i~~ i:'_;'~I"~ 
elf. I~S. 

16 .. in color, ~S:, 

IH~'trne .. -"0'- .. ,,1l<! .tH •• 1, :tro!)lee ar. u" .. ~ In 
~o~er~ co.ru' .... r~ . !:b~ .. e ,,.""~. tor -lioi., clr.,,at .. , 
tI .. , _/;_; -r.n~IH"r. i'.s .... h. ;. :.1) , Oil, :;c.:.. . 
J:;~~ 'f.l ".1 !'l1l·ii.O;: (at .... _t.)~ b~~ ' h. elr".t 
t.,,~.u ... tho 1~I~t '1:;, .• le or t.itll ~.'1/o~ 10. yolt.,; .... 
npn~.L!,,,, bl~.'·j ~~U:.~ b!. •.• ..,. t&~~ r .. c,~etlY"l,.. 
.:.d b~. \b. pr<>~rr Qulput df;n .. l I. prod .. e .. d . 

DON.IoLD :m M.IoTIIDIU' JC LAND '959 
U.S • .Io. l&.. color, En«lbb . 2Mb . $0 
W.lt Dian.y productions ll1e . 

Pr oof tb.t _tb.n •• d IIot n.e .... r 111 be dull .IId borinC . 
Don.1d Duck l •• r n. t il. i.por tenee o r .sth ... tlc. t .. o. 
.. r ly Dr uk. who diBco",red ,001. ot it, b.,ie principl •• . 
L.t. r •• q,,"c .... ho. bow th ••• pr inclpl., .. r . r . 1. t .d to 
.ue1c, . rt, .rcllit.ctur. , •• cb.nic ••• po r t •• nd otb.r 
ph.B •• ot 0"" ddl,. 11 ••• • Both . n l.~tioll . nd 11,.. ection 
photo,r'phJ e r . u •• d . 
i ... ' : )(":'101< '.~ ,,[,1U,CI '0960 

,l,~";~~ f:' ..... "nd h.y ,~.., ... 
bnl.~" • . C~~,;.~, !:~" ... Irod~ctl')n. 

n,. ·~el. or ".:>~u~lq: , •• ,,' ... ·.'nl:. Ud t,,'·r.~tjn, 
it ~ ll~d r ... d~ .. eM. J . !.~~ : .. ~.,., .. ... cj~n:. ~,.1 .... 
.rto n,~ fll~ ,. •• J"rlo p· ........ Uo .. of '.h~ ' c"d· 
t.,;.: ,d •• , lU ... ,~~t,,~ i·porl.-.<" .. i" 0" ... ~l··'re .-:;<1 
>'<~.~ _;. t'''' 01 t~o'~ t ... hc,lo t ... it .. "". , ,." .. " ;0." 
.. l,ot".,lC ~"_" r,·~" .. aain, . 

1; ~':1 .. so, .0Lo~ • • c..- .. 
1I~ fru 

.r"T J_UCTLY IS A i'R('G1I1J.. , 

1 1 sln , I'D . oolor 

ICt n u :s r cp HTE~'fATIOII"'1 C('I'.PI'''I:r~, Lor;, 

. " .. t " C"'I~tfr J'r~l:r ... 1 .. . ",,,,chll,. eodit.s ~,,~ P"_ 
t r"~, hnt"".; •• Illue' r •. lod t.,. ",l .. et· on • 

... COMHlllflCAtlOI'lS PIIllt£ll 19502 

U.S . A. 16 •• . EnsU .. h . color , 20 .in. SO. 

Ch"rh. Eouo •• e.nd br ...... 
R.l •••• d b,. cI ••• roo- file di.trlbuto r e, 1959 P"rch.s". 
Cl •• eroa. file dl.trib"torB • 

.on tntrod~ctlon to tb. tb.o r y of c .... unic.tlon. Th ... 
"err .tlsul.tlns .nd cr •• tl •• file ••• OC1.t ... Dr. Claud. 
Sh.nnon ' . (.,t) b •• ic th'Gr.tic.1 ca..unlc.tloo. dt.,r .. 
(Infor-.tlon-e.lector-lren .. itt.r_ch.nn.l_e'cn·1 _tr• n&SI'_ 
t~r-ch.nn.l-'i,n.l-r.e.I".r- ... I.ctor_d •• tl".tion) to to_ 
d'J·. pr.ctlc .. l c"""unicetion. d •• 1c •• • 4 di .. cue.'0n of 
redund.ncy. 'rebole, tis •• nd bin8r1 •• tb ... t'CB I, lnelu' 
d,d. 
~ .... _ vI" IlS 

~ec.c, : !.' .... ie .... • .... r.tlon. 

1r.-~., J., .. tnr), o~ 'u,"' e ~fforu t" nco>rJ lnf"..".tJnn 
{'~'. tt.< "ark" •• ·to ~, .·.lh of C~ •• B, t llro"l'.'t. ~h' 
d~·"lof-r,.t of ",.cl.''-'~.l ;ti"t'r,(:; d ... lc .... ~o h'G'" 
~ I ~~~ ncorJ".!t of c,..~ .. !tr ~ntQ by Uh,~. r .. , tub ... 

~O .. " .• SO .. c~:"r, 16,. • 

r:'ctr~n"- I),U"!"" cf ~'-~~,".1 D)n""ir. CO'l'<'r.l1on. 
to HAilE IS H~AN 

-'I •• n. I:olor L6 _. Fr •• • urfIvAC 
A hu.orou. c.rtoon ,n .hlch Bus .. BUlin, ia k.pt tU61 
c01lnlerlnc .ch ... a devl •• d b, the .o~r .nd Ai. do_ 
it-10ur ... lt c"'"l"'ter kit . 

IBM Film Library 

IBM was fortunate to have engaged the Eames brothers 
!Charles and Ray) as film producers many years back, 
an amciation that must have oontinued for some time. 
We mentioned the Charles Eames' film A Communications 
Primer in passing in the first issue of PCC. and it has 
the Eames stamp of excellent visualization of ooncepts 
and information, with good supporting narration. This 
same style is evident in our favorite IBM film A Compvter 
Glossary, which is the only IBM film available from 
most Modern Talking Picture Service depositories. 

A COMPUTER GlOSSARY-IO min. color. A com· 
puter glossary or coming to lerms 9iith the dat1l?toUSS. 
ing machine. One way to under$tand this sp«lulield 
is to know something of ils mood-I particular flavor 
gi \'en by its jugon, its technical vocabuluy. 
#JJOJ IBM CORPORATION 

You pay 'tlum pOllagt Oll/Y 

IBM also has a clever and interesting film entitled 
House of Science. However, I find its message very 
disturbing - namely. that science and technology 
will solve all our problems. a theme in which IBM 
has an obvious stake and which runs through most 
of the IBM films. 

Hou .. of Science 'Not only does this film show the develop-
ment of science and natural philosophy, 

t6mm It also dispels many lIIuslons eoncernlng 
14 minutes the limitations of the field. Scientific 
color procedure Is shown to be a natural proc

ess arising out of man's curiosity about 
the world he lives in, and out of the 
increasing confidence which understand
ing brings~ 

The Informilion 
Mlchlne 

~ sophisticated, amusing account of the 
development ollhe electronic computer 
beginning with primitive man and end
Ing with the advent of machine simulation. 
Colorful and Imaginative, this 111m Is an 

16mm 
10 minutes 
color 

effective communicatlons device for 
explaining the nalure of data processing:" 

These films are only available from the IBM Motion 
Picture Library, c/o Modern Talking Picture Service 
Atlanta , Ga. 30308, 412 W. Peachtree St., N.W. 
Chicago, III. 60611, 160 E. Grand Ave. 
Dallas. Texas 75207,1411 Slocum Street 
Los Angeles. Ca. 90038, 1145 N. McCadden Place 
New York. 10036, 1212 Ave. of the Americas 

And - we pass on these words from one of our 
fa vorite film librarians. Betty Paul of the Los 
Angeles IBM Film Librarv. 

" This late in the year it is almost impossible to re
serve our films due to prior reservstions. If you 
arB going to ntHld films either for summer (after 
JvneJ or for fall, we set up our fall reservations 
in May. so could you plan ahead for later programs. 
PIe~ keep in mind that we have to schedule any 
of our films for just one day, as we serve the 11 
westem states from this one library (with very few 
prints!). Always include your zip code and com· 
plete street address. " 

READER RESPONSE: J(i) 
Plugging In ~ 
A nOle on your hassle wilh Bell & Howell 
external speakers - $witchcraft makes an 
adapter for about $3 lhat is simply a male 
plug that /its the B&1I exlension speaker 
jack on one end, and a standard % in. female 
phone jack on the olher end. This is greal 
when you are using someone else 's projector 
thai you can 'I modify. Mine has a number 
388 slamped on it. I don 'I know if that 
is a slock number or nOI, but I would suspect 
il is. Pholo & Sound and olher A Vor 
~leclronics supply stores halle it or can get I: 
II. *" 



ORGANIZATION 

In 1967, tWCIHY school districts in the Twin 
Cities area furmed the Minnesota School 
Districts Data Processing Joint Board, and 
undertook to establish a unique service called 
Total Information for Educational Systems
TIES. 

The Joint Board was organized under a 
Minnesota law which provides that a local 
governmental unie can exercise,jointly with 
like agencies, rhe powers granted to it under 
Minnesota law. Each school district is rcpre· 
sented on the Joint Board by two delegates. 
The Joint Board delegates elect an eight 
member Executive Committee which holds 
regular meetings, establishes policy and acts 
on behalf of the Joint Board. The Executive 
Committee is composed of four school super
intendents and four school board members. 
The Committee employs 3n Executive Dir
ector of Education3l Services as TIES' chief 
administrative officer. This organizational 
structure functions very much like the school 
board/superintendent relationship in any 
school district. 

TIES employs a staff of 52 people. serving 
in the two divisions of Design-Development 
and Services. Each district assumes respon
sibility for in-district communication and data 
processing related activity. The major inter
face between the districts and TIES is em
bodied in a member district position titled 
Educational Information Systems Coordinator. 
111e EIS Coordinator has been recruited from 
the ranks of educators in each district and 
assumes the role of communicator, coordinator, 
and information systems specialist for the 
district. 

In the 1972-73 school year, TIES serves 29 
school districts including one vocational
technical school district, encompassing over 
230,000 students in grades K-12 and 35,000 
district employees. Member districts arc all 
within a 40 mile radius of the TIES center 
except for one at a distance of 120 miles, and 
range in size from 1400 to 31,000 students. 
Names of member districts appear at the end 
of this article. There are 36 high schools, 52 
junior highs, and over 200 elementary schools 
in the 29 districts. 

HARDWARE SYSTEMS 

Qne major system employs two Burroughs 
B3500s linked to input and display terminals. 
It is a multi.processing system with 300 
million bytes of permanent disk storage. eight 
tape drives. 360K of core memory, two high
speed printers and lesser peripherals. The dual 
B3500s share peripherals and the disk data 
bank. 

Inquiry and update of individual file entries 
is done in seconds over Burroughs 9352 CRTs 
located in each district. Mass input such as 
mark reporting is sent through Bell & Howell 
mark readers in the district to key tapes at the 
computer center. 

OTAL 

The second major system involves three 
Hewlert-Packard timesharing systems - 2000C. 
2000B,2000F. 84 ports are in service, with 
expansion to 96 ports imminent. Approximately 
150 terminals are in the member districts. of 
which the majority are ASR-33 teletypewriters 
and including a number of PortaCom and 
Digilog terminals. Sixty of the terminals are 
in high schools. 43 in junior highs. with the 
remainder in elementary schools, district officcs. 
or shared between schools. Nearly all such 
terminals have been acquired by purchase since 
most districts expect to be involved in corn· 
puter usage permanently. Maintenance is 
mainly by contract with local firms at a cOSt of 
5175 to $195 per terminal per year. In con
junction with the terminals. 16 HP mark·sense 
card readers and two HP plotters are in use. 
One district has a teletype card reader system 
for each of its two senior highs and five junior 
highs. 

SERVICES 

Continuous in-service education and coordina
tion activities are central to extensive, in.depth 
utilization and provision of services from the 

.information and timeshare systems. Confer· 
ences. workshops and a variety of other training 
sessions backed by written documentation and 
user manuals support all systems and services. 
The services and coordination staff at TI ES 
provide these in all areas ranging from cOSt 
accounting and class scheduling to field research, 
problem solving and achievement monitoring. 

The TIES integrated data base information 
system is the data source from which all reports 
are produced whether they be a payroll every 
two weeks, report cards every quarter, the 
State Attendance Report annually or special 
census reports produced upon request to assist 
in enrollment projections. Routine reports and 
special reports can be produced with equal ease 
because of the design of the data base, which 
has the ability to expand both in content and 
types of reports which can be extracted from 
it. The system can generate new "products," 
as educators identify them, without extensive 
additional design or reprogramming. 

INSTRUCTIONAL SER V ICES 

Rehted directly to instructional objectives. the 
TIES staff responsible for instruction are: 
Donald C. Holznagel and Norman E. Thompson. 
Project Managers; linda J. Barry and James A. 
Sydow. Services Coordinators in Instruction; 
and Wilfred N. Nathe, Programmer-Analyst. 
These people coordinate the design, develop
ment and implementation of the following pro
jects currently implemented or being developed. 

TIES WORKSHOPS 

The 1972-73 in·service workshops conducted 
by the TIES staff include ADVANCED BASIC. 
COMPUTER SCIENCE, INFORMATION 
PROCESSING AND SOCIETY, COBOL, 
FORTRAN, ELEMENTARY SCHOOL APPLI· 
CATIONS as well as one day training sessions 
held for terminal supervisors, guidance counse
lors. administrators, and others on the various 
instructional services. 

These are rough estimates of the number 
of students using the system. 

High School 
Junior High 
Elementary 
Guidance 
Non·TIES schools 

10,800 
10.000 

2.400 
1.200 
2,500 

About 2/3 of high school and junior high 
use is general problem solving. Elementary 
use is split between drill and practice and 
introduction to computers. 

TERMINAL SUPERVISION 

To facilitate communication and implementation. 
personnel are needed who are close to teachers 
and classroom activities, who can disseminate 
information, assist with in·service activities, and 
schedule and control terminal usage. Every 
TIES school having a terminal has identified a 
teacher as Terminal Supervisor to carry out 
those functions. Monthly sessions are held for 
them with TIES instructional project managers 
to discuss problems, present ideas, and main· 

During August of 1971. the instructional staff tain human contact between TIES staff and 
conducted 7 workshops covering STOP. BASIC, teachers in the classroom. The degree and 
SIMULATIONS, COBOL and Junior and Senior f success 0 instruclional computer usage in a 
High Applications. 87 teachers participated. I I d d I I 

248 teachers attended one of five series of sc 100 epen sin arge part on the Termina 
Supervisor. 

workshops given during the 1971·72 school Since the member districts pay for the entire 
~'r __ -c.,_year. The sites for these work. I c: TIES operation on a per student basis (current y 

shops were selected in such a d f 56.25/stu em/year). their share 0 timesharing 
way as to enable all TIES teach· time and storage are allocated on the same basis. 
ers to attend workshops in their S t." po ts a"d scho I d h e f' 't ys I r 0 ay ours ar Inl e 
vicinity. Each series was six and so usage must be controlled. Currently, 
weeks long and covered STOP. districts are allotted 45 hours of on-line time 
BASIC, and Elementary and per 1000 students per month, and 57K words 
Junior High Applications. of storage per 1000 students. The EIS coordi-

During the summer months nator and Terminal Supervisors determine the 
of 1972,107 teachers partid- distribution of these resources within the 
pa ted in at least one of the 11 d d h d istrict aceor ing to t cir priorities and nee s. 
workshops presented. These II 
covered STOP BASIC COBOL. The time a otm

d
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l
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SUO 'S C • tween 8 AM an PM al y w Ie I are t Ie lOurS 

SI~ LA TId N '1' o~putefr of heaviest demand. Usage out$.ide t hose hours 
clence. an app lcatlons or . I" d 

• 15 un Imlte . 
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DRILL AND PRACfICE 

During the 1971 ·72 school year, 19 districts 
experimented with the Hewlett-Packard Arith
metic Drill and Practice Package. This package 
is a series of programs designed to drill students 
on computational skills. At the end of the four 
week experimental period, each district was 
asked to complete an evaluation form. As the 
response was generally quite favorable, it was 
decided that closely controlled research should 
be done during the 1972-73 school year to ob
tain data on the effectiveness of the program. 

As part of a shor{ term study, 780 students 
used the Drill and Practice Program for six weeks 
during summer school in 1972. 

The research project is taking place during 
the 1972-73 school year and involves an exper
imental group of third and fourth grade students 
from 7 districts, representing a cross-section of 
ability levels. Some s[Udents use the program 
on a daily basis, with others using the terminal 
only every other day. Non-experimental stu
dents in each participating school serve as a con

trol group. 

CAM (Co mprehensive Achievement Monitoring) 

The experimental work initiated by Hopkins 
District 274 under an E.S.E.A. Title III grant 
has proceeded with TIES taking over the pro
cessing and creation of computer reports for 
CAM. In September of 1971. TIES ran parallel 
with the University of Minnesota Computer 
Systems for a few courses on the CAM Project 
and then assumed more courses throughout the 
year. By June 1972, 62 courses were being 
processed at TIES. These involved 8 TIES dis
tricts as well as a few non-TIES districts working 
on the project with over 7,000 students en
rolled in the courses. Currently, about 12,000 
students in 100 courses are being served. Future 
plans include running reports for all courses at 
TIES and having TIES assume an increased role 
in controlling and distributing the input and 
output of data. 

The Evaluation Center at Hopkins is pro
moting the following activities in implementing 
this program: 

• Colledi~ performance objectives for each course 
on the p~ram together with test items to measure 
the attainment of each objective. 

• Operating computer prognms. usin,;: existin,;: com· 
puter facililies. to proeeSll the data 80 that results 
may be returned to teachenand students within a 
day or two. 

• AlIlIist~ teachen in the writin,;: and choosin; of 
behavioral objectiYeland test items and in the use 
of evaluation results. 

• Oevdopin,;: trainin,;: materials to explain the pro- . 
gram. its capabilities and the procedure! to actu
ally use it in the classroom. 

• Cooperatillf: with 8e~ted 8Chools outstde the 
Hopkins district 80 that the program may be more 
widely demonstrable. 

BATCH SYSTEM 

three -fold. COBOL programs written by students 
now arc transmitted over the scanners and pro 
cessed daily and returned by a delivery service. 
From one school in 1969·70, to three schools 
in 1970·71 , the service now is being used by 
ten high schools with continued growth expected 

in 1972-73. 
In addition, BATCH BASIC has continued (0 

be used for running BASIC programs where the 
on-line turn around is not necessary. This past 
year there has been a growing interest in 
FORTRAN instruction, and therefore, morc 
demand for FORTRAN compilations on TIES 
computer systems. To meet this demand. 
Instructional Services has developed BATCH 
FORTRAN processing on both the Burroughs 
system and the Hewlett-Packard system. It is 
anticipated that BATCH FORTRAN will be 
handled in much the same way as BATCH 
COBOL in 1973. 

BUSINESS EDUCATION AND COBOL 

This past year a committee of business edu
cation teachers representing six TIES districts 
have been active in creating some guidelines 
for business education curriculum using the 
TIES computer facilities. The discussions and 
workshop activities held 'lave led to some 
excellent suggestions relative to the data pro
cessing and the business education curriculum. 

The start at getting a library of programs for 
business education using the Burroughs com· 
puter system proceeded during the summer of 
1972. Anticipated in the library are programs 
which will apply to BOOKKEEPING, 
MARKETING, ACCOUNTING. OFFICE 
MACHINES as well as DATA PROCESSING 
courses offered in the business education 
curriculum. The increased interest in offering 
COBOL instruction mentioned above in the 
BATCH SYSTEM developments has also 
created the interest in these furcher curriculum 
developments. 

SIMULATION 

Simulation programs and packets of related 
instrucdonal and resource materials produced 
by the NSF sponsored Huntington Two Project 
were being tested and evaluated by students 
and teachers in 8 TIES schools during the 
1971-72 school year. The programs were re
lated to Physics, Biology and Social Studies. 
Critical comments and suggestions were re
layed to the Huntington Project for use in 
improving the materials. Ten packets have 
been tested since January 1971, and all ten 
are available inexpensively through Digital 
Equipment Corporation. Huntington Two has 
received an extension of NSF support and 
will continue to produce packets through 
1972.73, with TIES schools continuing to 
evaluate the first drafts. 

To improve the instructional applicationS' using 
the Burroughs B3500. there has been an effort 
to develop a systematic method of handling 
BATCH compilations of COBOL and FORTRAN 
programs. During the school year 1971-72, use 
of COBOL by districts in instruction ina-eased 

A proposal developed by TIES for the pur
pose of training social studies teachers in com
puter applications for the social studies class
room has been approved by the Minnesota 
Council on Quality Education. The project 

takes advantage of the computer resource 
at TIES , the social studies expertise of 
the Social Studies Service Center of the 
Twin City Area , and the programs and 
materials developed by the Huntington 
Two Project. A series of inservice work· 
shops are being conducted during the 
1972-73 school year, and assistance to 
teachers in classroom implementation of 
simulation programs are being provided. 
Programs and materials will be revised and 
improved. and new ideas for useful pro
grams will be collected for development. 

DUCATIONAL 

COMPUTER SCIENCE 

There has been effort this past year to acquaint 
TIES schools with the introductory study in 
romputer science. Computer science has a vari
ety of definitions so it is necessary to give the 
TIES Instructional Projects Stafrs opinion. We 
feel computer science should introduce students 
to the hierarchy of computer languages including 
machine language, assembly language, and com· 
piler languages. The major emphasis should be 
on problem solving but in addition, many non
numerical type situations are included in the 
study of the computer as we see it. As more 
expertise is developed using the timeshar com· 
puting system, there has been an increased de
mand for additional study about computers. 
This extension of computer study will be en· 
h.'tnced with the improvements in the hardware 
available in the timesharing mode over the next 
two or three years. 

TIES INSTRUCfIONAL VIDEO-TAPE 

In February 1972, the Hewlett·Packard Company 
and TIES Instructional Projects Staff planned 
and recorded a video-tape program covering the 
various instructional activities in TIES mem-
ber districts related to the Hewlett-Packard 
timesharing systems in use at TIES. Many class
rooms were visited during the week of taping, 
and TIES staff comments were recorded. The 
footage was edited to about twenty minutes in 
the final version. The tape will be circulated 
nationwide by Hewlett-Packard as an example 
of successful classroom use of timesharing com
puters. Copies are available at the TIES office 
for local use in presentations to groups of 
teachers, administrators, and parents. 

LOGO LANGUAGE 

In cooperation with Bolt, Beranek and Newman, 
TIES has been experimenting with a version of 
LOGO since the summer of 1971. Bolt, Beranek 
and Newman, and MIT have been developing and 
testing LOGO for several years as a tool for 
teaching elementary students a set of concepts 
related to programming to provide a natural 
foundation for the teaching of mathematics and 
the art of logical and rigorous thinking. It has 
been found useful with students at the college 
level as well. In the present year, 1972-73, the 
finishing touches are being put in the language 
program. As materials become available and 
teachers become interested, limited classroom 
experimentation will begin. 

GUIDANCE INFORMATION SYSTEM 

In cooperation with Time Share Corporation. 
TIES is supporting the Guidance Information 
System developed by Interactive Learning 
Systems. The system provides remote access 
to college data, vocational and specialty school 
data, occupational data and scholarship and 
fmancial aid data through the Hewlett-Packard 
timeshare computer system. In addition to the 
TIES network schools, Minneapolis and St. Paul 
schools are participating in the use of G.I.S. 
."''-''''"_ guidance and career information purposes. 

More informatIon about Tlf~S ma.y bf! 
obtained by writins Norm Thompson 
or Don Hol:no.gel al TlliS, 1925 Well 
County Road 82. ROM!Vllle, /.In. 55//3. 

TIES MEMBER DISTRICTS 1972-73 

Anoka Bloom,ngton 
Burnsville Chaskl 
Columbil Heights Edinl 
Fridlev Golden Valley 
Hennepin Voc_Tec:h Hopkins 
Inver Grove Lakeville 
Minnetonka Mound 
New Prague Orono 
CAseo Ric:hfield 
Ro5emount Roseville 
ShakOPl!'!! SI. LouiS Park 
Still ..... ater Spring Lake Park 
W,c:onil Way Ziti 
W. St. P8ul White Bear Lake 
Willmar 
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TRAP was suggested by an 11 year old, then 
he and I wrote the program together. 

"''' 
01 Y'U WANT IHSTRUCTJ8NSlYtS 

I WILL THINK ., A WHaLE HUMB[R fAIN I TO 100 
TRY 11 GU£SS MY NUM bEH. [HTEII TWO NUMbE~S. T~YING 
r. TRAP MY ~b[H BETWEEN Y~UH T "~ NUMbE" S. I WILL 
TELL YOU If Yeu HIlVE TRAPPEO MY HUHbE" e~ If Ml 
~II[II IS SHALLER THAN YOUR Tve T~AP NUMBERS I" 
I' MY HUMIIER IS LARG[N THAN leUN 1"1 TRAP NUMBERS. 
I' YOU tHINK YOU KNew "HAT MY H~ER IS. [Nl[R 
NUR GutSS reR II.TH TRAP NUM6ERS. 

NU GET 7 GUESSES. GeeD LUCK I 

GUtSS NUHIIER I 
rlltST TRAP NUHBERt..a 
S[CeNO TRAP NUMIIER?10 
MY HUMB[R IS TIIAPP[O B1 yeUR NUMBERS. 

GUESS NUMBER 2 
fiRST TRAP HUMBERt so 
stCINO TRAP NUNBERt60 
~Y HUMBER,S TRAPPED liT yeUR HUM8t.RS. 

GUESS H'-"IBER 3 
'IRST TRAP HUM8ER751 
StCIND TRAP HUMBER?S3 
fIl'f HUMIII:R IS TRAPPED 8Y yeUR NUI'I8I:RS. 

GUl:SS NUMB[R .. 
,IRST TRAP NUHBI:Rt5~ 
SEC'NO TRIlP NUM8EHtSS 
MY NUMBER IS LARGER THAN Y'UR TRAP HUMBERS. 

$U[SS NUH8V1 5 
rlRST TRAP NUMBERtS6 
$tC'NO TRAP NU"8[RfS6 
YlU 61T IT ••• LI:TS PLAY IlGAIN, LUCK~. 

6U($S NUNI[R I 
~IRST tRAP NUH8t:Rt 
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HURKLE was inspired by 
MUGWUMP and MUGWUMP 
was inspired by Project SOLO 
modufe no. 0201. Module no. 
Ol01??? Contact Project SOLO 
Computer Sdence Department, 
University of prnsburg. 15213. 
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But watch out for that last one!! 

The game of CHOMP was introduced in Martin Gardner's Malhemalical 
Games Department of Scielllij1c America" for January, 1973. II was 
invented by David Gale at UC Berkeley. 

This version is our first pass. We changed the rules somewhat 
from the published version. Not only that, but this version doesn't 
play the game at all - it just keeps track of the moves and informs 
the loser (who already knows he lost, anyway). 

We'd like very much for you to send us any BASIC implementa· 
tions of CHOMP, any comments, etc, We'll probably have a smarter 
version up and running pretty soon. Scientific American has described 
some winning strategies for boards of given sizes. In our version the 
players INPUT the dimensions - makes it harder to figure oul the 
trivial wins. 

The rest of the way our program works shoukl be clear from the 
directions. We're still finding out how kids solve the puzzle of dec;" 
I)hering printed rules to games (this is a game in itself sometimes). The 
program runs on HP 2000 series. and on 8K PDP8/ L with Edu 20.55. 

100 joI[to ••• 11<[ "'''' er CliO ....... COt>UUCoHl I'CC 1913 ••• 
110 ,. ... IHT 
11'0 ,. ... Hll "'HIS 1$ tMr GIIIf"[ .,. CHOW ,$CIUlTI,.,C "I'If;HIC",,,, .1#0" '.73'" 
130 "~INT "~~Nl lH( HUL[S CI_Y[S. O.NQf,-, 
1 ... 0 INFUT" 
1)0 IF 11_0 lt1[N l..a 
160 ,._, 

'" ... ... ... "'. ... ". ... 
'SO ... 
'" ... 
". 
'" ,". , ... 
,",. ,.. 
>5. ". m 

'" m 
", 

". 
,". ". ... ... 
,",. .,. ... 
• so ... .,. ... ... ... , .. ,so , .. 
,so , .. 
'" ... , .. ... ... ... ,so ... 
,so ... n. ... , .. 
". , .. ,.. 
". , .. 
,so ". 
'" , .. , .. ... 
",. ... ,so ... 
",. , .. 
." ... ". ... ... ... 
". ... ... ... 
'" ... ... 
'''' 1010 
1020 
103(1 .... 
10~0 

10'0 

,., ,., 
,.IIINT .. c .. o~ IS ".11 I '11 MlH[ pL"T[II$ C .. U""HS 'HLT'," 
1''''1'111 
1'111111 ""'[II['S II'~ ... BO~IIO L"HS (T"IS 'H£ IS S BY 11'" 
'.SUB S"O 
"~INT 

1'1111011 "111[ BlAND IS ~ BIG C"MI£ • II joIe~s HIGH "HO C C.LU"",S" 
"IiINT "WIO[. TlU INPUl R ~NO C "T THE S'AII', IN THE t.f'P[h L["'" 
PhlNT ··ee...,.[1i I~' , .. [ CIIIIICI" 'S ~ r'IlSIN SgUAIi( CPl. , .. [ aN[ ~"'IM 
"!;'NT "C"IiI","S nl[ fOOIS.-N SQUA"l ll"LS, TO) TAIC[ ~ Clil""'. 11p[ TH[
Plll,.T ..... 0-.. 10"1> CIU .. t'.H II~ O,.L ,n lH[ SgUAN[S IN HI[ CIIIICI(." 
""IN1 -"'lL cr TII[ SC.~·A"[S llI:U~ MID Til Thi: I<IGHT Ir l1U11 SgUIIII[" 
"'UNT "CifoICL~DING T~T SgU~"[. 10~1 DISAPP[~11 •• CHe~PII" 
rlllNT "H' r"I" CHC~PIH' SIIUA"(j 1hAJ IUI\[ ~LIi[~OY 8[EH c ... ftP[o." 
PAINT ".11 TkAT "liE .utSIDE THE eHIGINAL OIMEHSIIHS I' lkt e.lilkIE." 

'RINT 
I'lt IHl "HtR[ wt c;. ..... 
OIH "(10.101 
,". 
nil I_I 1. 10 
nil .I_I tl 10 
LET 10( 1 • .11_0 
HUT .I 
Htn 1 
PAIN1 
I'IiINT -MeW ""flY PL"'YEIIS N

, 

1,.,.Ul P 
11_0 
PRIHl -H'" I'!#IINT AI .. S", 
'NPUT It 
" R e •• TH[N ... 10 
I'IIIHT "TI' ~~NY R."S C. 1$ ",,~IN~I. New. H, 
'liltl .fI20 
rRIHT "HOW ""HY COl~SN' 
INPUT C 
Ir C e_ • lHtN 530 
I'AINT "T" ~NY COLUMHS C9 IS ~~IHUHI. NIW. ", 
uti "'JO 
PIIUI1 
'111 I_I T. R 
'011 .I_I 11 C 
10(1 • .1)_1 
NUl .I 
flU'J I 
~1I.ll··1 

RtM ,.RINT 1M[ I,ARD 
I'Rlm 
PRIHT T"aC'JI,-1 e 3 ... 5 • 1 • ,N 
rlR hi 1IiI I< 
,.RIHT 1,1"8(1), 
nR .I_I 1. C 
I,. "tI • .lI-·1 lliEN TOO 
I' ""1 • .11_0 THEH 120 
,.IIINT -. -, 
"1'11 110 
I'AIN1 ",. ", 
HUT .I 
PRINT 
..UT I 
,.RIHl 
I,. t.O lH[N '710 
I<nURN 
AtH "T c .. eHf'S nil t"CH PlAYER I .. lURH 
Ltt 11_1101 
LtT "'_II_INTIll/p"" 
It PI c. 0 TH£H 8eo 
,.1-1' 
PRINT "PL~YEN ",PI 
PRINT "CU'1I0IH"n;s .r CHI"" (1I.".ClLUtttU N

, 

IHPUT RI.CI 
I,. IIlel 1HEN 920 
I,. III.R THE .. 920 
I' Clel tHtN '20 
I' CI.C l~EN .20 
I" "11I1.CI1_0 TNtN '20 
,,. "'IHI.CI,_·I TUtN 1010 
C.tl ' .. 0 
PH'NT "NI ""'R. YIU'RE tlln,., 11 CHIMP .N [""TY Sl"ACU-
~TI 120 
"IR 10HI T. R 
rill .JoCI 1. C 
10( 1 •• "_0 
HEn .J 
HE., I 
'IT. "0 
II[H tHD ., """'t O£TtCl[D "" LIHI: 'DO 
"RINt "V'U LI~l:. PLAYEH ",PI 
pHINt 
I'HINT "~"'IN II_YES, O_~I)'" 
'N~UT H 
IF ,.01 t .. rN 1 .. 0 , .. 

HAYE A By,.E ••• 
THIS IS THt 5~KE .,. CNI~ CSCltNtl'IC ~IIICIoN • .JAM I'Tl) 
WoNT lHI: HULES O_'[S. OoNllnl 
CH.MI' IS ,..11 1 ... HIiIHt PL~T[RS CH~NS 'NLT). 

HtRI:'S HI" ... ""RO Le.ICS (THIS .,.E IS 5 IY 11, 

I 1 3 .fI 5 • 1 • , 
I I' • • • • • • 
1 ••••••• 
3 • • • • • • • 
.fI • • • • .. • • 
5 • • • • • • • 

tHt ..... RD IS A 116 C'.HII: - R RillS HICH IoNO C CILUMHS 
~101:. V'U IHPUT R "NO C ~T TN[ ST~Al. 11'1 THE uP'[H LE'T 
ClIIHEIi .,. lH[ CII'I"1t IS ~ ,.glSIiN SQUioIoE CPl. THt ONE .. III 
CHlMI'S lNt: P.ISIIN S.UAAE LiSts. 11 t~HE " C ........ lTP£ TN[ 
RlW "1'10 CILUHH .r .,.[ I' lM[ SQU~lotS IN t .. [ CIO ... I[. 
A4L I,. TM[ SQUARES GEL'" "NO ,. T .. [ RIGHT Ir TN~T SIIUAR[ 
(INCLUDING lHAl SQUaRE. TlliIl OISA~PE"R •• C"''''PII 
Nt ,. ... 111 CHIMPING SQUAliES TH"t N"~[ "LRE"'DY I[[N CHl~[O. 
,A THAl ARt lulSID[ THt ,AIGIN"L OINENSIIHS I" lHt Cllklt. 

J€JIt w£ Gt ... 

.. II !OIAHY "LAY'ERSt2 
HlW w.NY IUIIIS'''' 
.. W ""NV ClIl..UMNStl 

, 
• , 
• 

I t 3 4 5 , 1 • • .. ...... . · ...... .. 
• ••••••• • • • • • • • • 

I'LATtJI 1 
calRDIHATtS .,. CHIMP (RlII.C'LUMHlt3 •• 

1134$.",. 
I , • • • • • • • 
1 • • • • • • • • 
3 ••••• 
.fI ••••• ... "" . 

ce'ROIN"'[S I" CH.MI' CRIW.CILUMMI'Jt." 

111345.1,. 
I .. • • • • • • • 
It • • • • • • 
3 ••••• 
4 ••••• 

PLAYEII I 
C"RDIHAltS .~ CHOftP (a'W'C'I..UHNlt.fl.1 

I t 3 4 $ , 'J • • 
I ,. • • • • • • • 
t • • • • • • 
3 • • • • • 

• 
PLAnR e 
t.IIIOIHAT[S e' CHIMP (AIIW.C'LUMH)t3.e 

I II 3 ... S , 1 • • ......... 
II • • • • • • , . 
• 

f'LAY'E1i I 
c:t.JotDIN"l£S I~ CHe"", CRlW.C'I..UMNU2.3 

I e 3 .fI S • 1 • , 
I P • • • • • • • 

• •• , . 
• 

,LAYl:1t II 
".RDIN",ES .r CHI~ CR.W.C.LUHHltl .... 

I II 3 .. S • , • , 
I P •• • •• , . 
• 

....,.nR 1 
C.'ROIH"T[S I,. CHIMP fll,".C.LUHH)t2.2 

I II 3 .. 5 • 1 • • 
I I' •• • • , . 
• 

1'tAYr:1I 2 
ca.AOINATES .~ CH8~ CRlW,C'LUNHI?3.1 

I 1 3 .fI $ , 1 • • 
1 ,. • • 

• • , 
• ... '" , 

celRDIHATES .r CHI"" (1IIW.C'LUHNltl.3 

1 e 3 ... 5 • ,. • , 

• •• • • , 
• 

f'LAYlR Ii! 
C..RDINA1ES I,. CH8HP (~II.CILUMH)'2.e 

HI r"'IA. YIU'RE TII~ING ,. tHeM!' 'N EMPTY S,. ... Ctl 
PLAVER e 
CIIAOI""1[S I,. CNIHP (RIW.CILUHHU2.1 

Ie) ... 5 • 1 I , , .. 
• , 
• 

"LIoYER I 
C'IIIDI""'ES." CHeMP CR.V.C.LUMNI'JI.2 

1 1134 S , 'J • , , . 
• , 
• 

I'\.At£R e 
C.IRDINATES I' CHe"'" CRIII.C'L~lt·IO.·ID 
HI "~IR. Y'U'ltE TRTIN' 11 CH3HP IN [MPTY SP",Cll 
I'LIo1l:R 2 
C'IMOINAl£S .,. CH'MP (Jot'~.C'LUHHI'I.1 
YlU LISE, PLAnR 2 

.. .. 

YUM! 
yuM.' 

OOPS.' 
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A NEW 
COMPUTER 

GAME EditlN, Computers and Automation 
Reprinted WIth permission from ''Computer, and Automation" 
February, 1972, copyright 1972 by and published by Berkeley 
Ernerprises, Inc., 815 WashIngton St., Newtonville, Mass. 02160 

From time to time computer people hunt for games 
that are fun t o Inyestlgate. fun to play with an
ollter person, and Cun to Ill8y with a computer. 

Such a game is Zingo. The rules for playing it 
are as follows: 

Rules of Zingo 

I . Number of Players. There are two or morl! 
playe r s, each using 21 dice (or some other chosen 

of dice) . 
The players agree on a NUMSER to be 

a throw of the dice and the allow
able arithmetical OI'ERATlONS lO produce it. 

for exan'lple, In Advanced Zingo, the number to be 
produced lIIight be 35, and the allowable operations 
might be addition, SIIbtractlon , multiplication, di
vision, railing to a power, and factorial. In Ele
mentary Zingo, the number to be produced might be 2, 
and the allowable operations might be addition and 
subtraction. 

:.I • .!..!!.!.2!!. £acll pUyer tllen rolls hIs ,I dice. and 
obtains a THROw. 
4. Production. Each playe r then arranges lIis dice 
in allowed arithmetical COMBINATIONS to PRODUCE 
the agreed NUMBER. 

Thus In Advanced Zingo. suppose the NUMBER to be 
produced is 35, If a player ' s TURON of 21 dice in
cluded a two, a three , and a five, he could use 
those 3 dice to PROUUC~ 35 because of the COMBIN
ATION 2 to the 5th power plus 3 equals 35 . 

In Elementary Zingo , suppose the NUMBER to be pro
duced is 2. Then the player could use the tMO by 
itself to PRODUCE one 2, and the three and the five 
to PRODUCE I second 2 because of the COMBINATION 5 
rainus 3 equals 2. 

S. Scoring. If a player uses up all the outcomes 
shown by his dice 111 his throw , by _king colllbin
It ions that produce the agreed number, he scores 
2. pOints, for "going out", If tile nulaber of his 
combinations exceed. the number of combinations 
of the other player (or all the other players), 
then he scores 3 additional pOints. 

Thus there is • premium on using all of the dice In 
one's throw, and' premium on making more combina
tions than the other player (or players). 

Incidentally 35 Is a particularly interesting 
number to produce because it cannot be produced by 
twO dice, but it can be produced by about 10 or 11 
or 12 combinations oC 3 of the numbers 1 to 6 using 
addition, subtraction, multiplication, division. 
raisIng to a power, factorial, and square root. If 
a player finds that he cannot produce 1 combinations 
making 35 , each or thera using 3 dice, lie Is co .... 
pel led to drop back to 0 combinations and is very 
likely to lose . 

All Example 

For example, suppose that Player A rolls the 
following tlirOM: 

II 223334455555606666 

In Advanced Zingo, he can use up III the outcomes of 
lIis dice in the .anner given in Table I, and lie will 
thus score 2 points, Whether Player A scores 3 addi
tional points depends on Player B, and whether B 
makes 6 combinatlonl or fewer . 

In Elementary Zi ngo he can use up all the outcomes 
of his dice to produce 2, in the manner given in 
Table 2, and he will thus score 2 points, Whether 
Player A scores 3 additional poi nts depends on 
Player B and whether Pllyer B makes q combinations 
or fewer, 

The Working Oul of a Throw 

For exa~p le. suppose a throw of 21 dice is as 
Collows: 

111223334455555066666 

and the Agreed Number to be produced is 35 . The 
possible combinations of It'ast cost (which is 3) are 
shown in Table 3. 

It Is usually easy to "use up" left-over numbers 
~ by means of one or both of the following devices: 

(1) Plus zero , Mhich equals plus n lIIinus n; 
(2) Times one, which equals ~ divided by ~; 

In fact, it may be possible to demonstrate that 
"going out" is fairly trivial. and can be achieved 
in a great many common cases. 

T8b1e 1 

USE OF THE THROWTO PRODUCE 35 - ADVANCED liNGO 

0) (2) (3) (4) 

Araount Total Dice 

~uJ.! ColI'b ination ~ Used UI! 

(6X6)-1 = 35 1, 6. 6 3 9 

41+31+5 = 35 3. 4. S 2 6 

25+3 = 35 2. 3. S 3 

(2+S)X5 - 35 2. S. S 1 3 

Count, 7 COSt, 21 

(l) 

FOIllluia 

2 

1+1 = 2 

5-3 = 2 

6-4 = 2 

6+1-5 = 2 

Table 2 

USE OF THE THROW TO PRODUCE 2-
ELEMENTARY liNGO 

(2) (3) (4) 
Amount Total Dice 

Contllnation 5IC Use Used Ue 
2 2 2 

1. 1 1 2 

3. S 3 6 

4. 6 2 4 

1. S. 6 1 3 
(6+6/6)-5 = 2 S. 6 . 6. 6 1 4 

Count, 10 Cost, 21 

Table 3 

COMBINATIONS THAT PRODUCE 35 - ADVANCED liNGO 

[dent. 
~ forilluia Combination 

62_1 1. 2. 6 

2 (0+1 )X5 1, S. 6 

3 {6Xo)-I 1, 6. 6 

4 25+3 2. 3. S 
5 (5+2)X5 2. S. S 
6 (3+4.)X5 " 41+31+5 3. 4. S 
7 51/3-5 3. S. 5 

6 51/4+5 4. S. 5 

9 ,,+5«> 4. S. 6 

10 (6X5)+5 S. S. 6 

Supplv of Dozens of Dice 

It is usually difficult to buy or obtain a supply 
of dozens of dice at a reasonable Ilrlce. 'tet dice 
in quantity - instead of just singles or pairs -
provide an excit ing "learn-as-you-play" intrOduction 
to probability and statistics. They are much more 
interesting - and much easier to toss - than pen
nies in quanti ty. ,I remember the first time I 
tossed about 60 dice together on to a table. and 
began to note the proportions of the Outcomes 1, 2. 
3, 4 , 5, 6. or course, the prOllonion tended to be 
1/6 (or ten dice) for each outcome. Right in front 
of me was visible evidence of the wOrking of prob
ability laws. 

If any reader is interested in obtaining dozens 
of dice for usc in Zingo (and ai_lIar games and sta
tistical experiments). please sie our offer at the 
end of this article, 

A co~uter , oC course, is • source that is even 
better tllan a large supp ly of dice for obtaining 
randolll or pseudo- random numbers In quanti ty . Also, 
the computer can be programmed to count, average, 
determine the standard deviation, etc., for each 
category of observation s that one tlli nks of. The 
computer eliminates much tedious clerical work with 
statistical observations. But even so , there is 
still an undeniable satisfaction in actually taking 
~any small dice In one ' s hands, and tossing them -
a$ the Romans did over 2000 years ago, and countless 
other persons have ever since, 

, -

:10 

- - (may be copied on any piece of paper) 

To: Computers and Automation 
815 Washington St .. Newtonville. "'A 02160 
Yes. please send MC------package(s) of 100 

small dice (about 3/6-inch on an edge) for 
playing Zingo . and I118klng other statistical 
Inves tiga tions. 

Fo r each package, I enclose $4 .10 plus 30 cent 
for handling (a total of SS.OO per package). 

Total enclosed $ (Pr1!payllCnt is necessary.) 
Name ______________________________ __ 

Address __________________________________ _ 

__________ Zip ___ _ 
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[J::ach issue we will pn!st!11l all '"aliJ'{Jllc('t' " programming techlliqllt!: 
willi explanatiolls. examples. I'mgrom::; ami prnblems. hie l\'('lcome 
suggesliolls J(Jr topics olin/eres! 10 )'uu.1 

S7ACHS 
The stack is a very widely used programming tool. A stack consists 

of a set of data items which are kept in some particular sequence. To 
help visualize this, think of a deck of playing cards. each card is "stacked" 
on top of the cards below it. Unlike arrays, the number of items in a 
stack may vary during a RUN of a program, much as the number of cards 
in a pile may vary during the course of a card game. 

There are two simple operations which are associated with stacks; 
they are called " push" and ··pop." Pushing an item onto a stack is equiv
alent to placing a card on top of a pi le. Popping an item off the stack is 
the same as drawing a card from the top of a pile. 

U(D(D 

To implement a stack on a computer it is necessary to have the fol
lowing things: a place to keep the items in the stack (in the program below 
we use the array S). a variable in which to keep the number being pushed or 
popped (N below), a count of the number of items in the stack (T), and 
finally, the maximum number of items the stack has room for (TI ). 

We must also have two subroutines; one for pushing and one for popping. 
The last element pushed onto the stack at any given moment is called the 
"top" of the stack. In the program below the top of the stack is S(T). 

10 REM 
DIM 
LET 
LET 

20 
30 

*** OEFINITI0N 0F A STACK *** 
SetO) 

40 
1000 
1010 
1020 
1030 
1040 
1050 
1060 

TI =10 
T=O 

kEf'll *** PUSH 
IF T<Tl THEN 
PHINT "STAGK 
5T0P 
LET T=1+1 
LE1 S(l)=N 
f<ETUkN 

*** 10AO 
IS FULL." 

1500 
1510 
1520 
1530 

kEM *** P0P *.* 
IF T:I>O THEN 15040 
PRINT "STAG\{ I.S EMPTY." 
ST0P 

15040 LET N=SCT) 
1550 LET T=T-I 
1560 kETURN 

2000 END 

Type the program into your computer. Then add the following lines 
and RUN the program to get a feel for how a stack works. 

100 PklNT "TYPE o T0 PUSH .. I 
110 INPUT X 
120 IF X=I THEN 170 
130 Pk:INT "\o,'HAT NUMBEk t

' J 
140 INPUT N 
150 60SUB 1000 
160 60 T0 180 
170 60SUB 1500 
180 ,0R 1=1 T0 T 
190 PRINT SCI>I 
200 NEXT I 
210 PRINT 
220 60 10 100 

rt". 
1 it'.t:.: 0 l 'U t'u~H .. I 1'0 I"'U.r': l d 
\IINA!' \luMBt.rt? I 

I 
,'(,-II!. ~ fU t";J~H .. 1 1'u r-'ur-':! d 
wHAr \ltJ."iBEnl <:: 

1 ~ 

lr'rt. 11:1 (0 .t'u~H. .. 1 .0 ,..Ot"':! vJ 
'WtlA 1 "i.h"lB.t:111 3 

1 2 J 
lil"'E 111 JO "",J~H .. 1 1'u rut': l 1 

1 8 
fit't; 11 1'u .r"U~H, 1 !u t'ur:? ~) 
\/triAl' ,hMBt;Jil 4 

I d 4 

T0 P0f-':", 

Stacks are very useful in I For instance; every time your 
program does a GOSUB. BASIC pushes the line number to RETURN to 
onto a stack. That is why you can execute several GOSUS's in a row and 
always be sure of RETURNing to the rigbt place in your program. Here are 
some questions concenling the GOSUS stack your BASIC uses: 

(I ) 

(2) 

What does the computer do when you ask it to pop all item off the 
GOSUB stack when it is empty? (This happens when you do a RETURN 
without doing a GOSUB first.) 
What does the computer do when you ask it to push an item onto the 
GOSUB stack and the stack is full? (This happens when you do a whole 
lot of GOSUS's without doing a RETURN.) 

Stack,are also used for many other things; they are used to untangle 
complicated arithmetic expressions, translate your program into a form the 
computer can more easily understand, l>erform calculations and keep trock 
of complicated processes. Here are some things to try: 

(I ) Write a program that INPUTs six numbers and then types them out 
again in reverse order, 

(2) Write a program that randomly pushes and pops random numbers. 
printing out the stack at each step. 

(3) Write a program that finds out how big the GOSUB stack is, 
(4) Write a sel of subroutines which pop the first two numbers off the 

stack; add. subtract, multiply or divide the first by the second and 
then push the answer onto the stack, Use the routines in a program 
which simulates a desk calculator. 

(5) Write a program which computes X! recursively. 

POP 

For more information about slacks _ 

rite Art of Compurer Programming 
Vol, I Chapter 2 
by Donald Knuth 
Addison Wesley Publishing Co. , 196~ 
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If you are shopping for a mini computer system 
for your school or whatever, you can choose 
from some 150 mini manufacturers. Nearly ALL 
of them can provide you with hardware. SOME 
of them can provide you with BASIC language 
software. A FEW can provide maintenance 
within a reasonable period of time and with 
reasonable efficiency. About TWO can give 
you the kind of support that we think is essen- Ft- I' JKklDJ'. po:IO.idtoal ... f .... rdlet' 01 ""Ie bKI< Jtta/a. 

tial for school installations. 

Depending on WHO you are, WHAT experi
ence you have, the RESOURCES you have 
available and how much pure, raw COURA,GE 
you possess, you may look to any of these mini 
manufacturers or you may limit yourself to the 
two who will "hold your hand" while you 
break in your system. If all you need is hard
ware (YOl< feel you can get software and main· 
tenance from other sources) than you can write 
wide open bid specs and buy from the cheapest 
9:>urce. For the rest of us the job is not so easy. 
We have to look at everything that is available 
to meet our needs (keeping GROWTH in mind), 
narrow our choice down to one or two systems, 
and then write a set of specs that will encourage 
more than two bidders but at the same time 
not stick us with some hoky system from Fly
By·Nite Manufacturing. What you really want 
is 5 or 6 legitimate bidders and the ability to 
choose the one YOU want (that'S where the 
pure, raw courage comes in!). We've seen more 
than one situation where the school had their 
heart set on one system and have the bids pro
duce a strong competitor with a new system. 
Courage prevailed and the school took the 
new system. In the same light we've seen the 
"preferred" system lose to a low bid com· 
petitor and everyone ends up unhappy. 

All bids must have some general provisions 
regarding bid bonds and all that stuff. A few 
extras you should throw in are: 

1. No bidder may withdraw his bid for 90 days 
after the opening of the bids - this gives you pro
tection 8!}ainst any price increases (decreases they 
should give you). Also gives you plenty of time 
to make up your mind. 

2. The bid should include all freight charges, 
taxes, installation charges, etc. - everything to 
make the thing go! 

3. Include a solid delivery date -delivery de· 
fined os up and running, not jusr on your doorstep 
(be reasonable). Allow the vendor to state olter
natives if he cannot meet your delivery date. 

4. Liquidated damages - if the contract is not 
completed (delivery) within the time required in 
the contract then an amount ($50 to $100 per day) 
shall be deducted from the contract roral. What a 
club this gives you if things go awry or delivery is 
delayed (and it will be!). 

5. Manufacturer'S name and model number 
must be shown under each item bid. (Require 
all new equipment if you wish.) The prime 
contractor should be responsible for the quality 
and the compatibility of all the equipment he 
bids. 

6. Bidden will present alternative purchase, 
lease-purchase and lease arrangements - we 
discovered a wide range of variations between 
vendors in this area. HP offers a full payout 4 
year leaSll at seme ridiculously low interest rate. 

7. Certificate of non-discrimination - the 
bidder must submit with his bid a certification 
that his firm does not discriminate in employ· 
ment with regard to race, religion, creed or 
national origin . .. in your heart you know this 
is right 

And then there is a whole array of other 
things you can add before you even get into 
the specifics of your hardware and software. 

The most significant section in any bid spec 
should be worded along the following lines: 
The system must be demonstrated on demand 
with all requirements before the bid shall be 
accepted. This one section may save you more 
grief than all the rest of the specs. With all due 
respect for my friends who sell computers, you 
can't always believe what the salesman TELLS 
you. MAKE HIM SHOW it to you (and if 
you're smart, you'll bring along someone to 
this demonstration who is capable enough to 
verify that you really are seeing what they say 
you are seeing). A salesman's promise that 
"it will be available by the time your system 
is delivered ... we're working on it" is usually 
just so much salesman's talk.. When the time 
comes for delivery of your system, he'll pop
up with "it's not ready yet but it will be an 
easy job for one of your hotshot students to 
do." And there you are, up the proverbial 
creek without a paddle! By the way, you'll 
probably get a good system anyway. It's 
just that most of us are in the habit of getting 
what we asked for and plan accordingly. The 
loss of some special system capability may 
very well be harmful to the planned. instruc
tional program. This one clause (and your 
diligent enfor~ment of it) should keep out 
shaky bidders. 

To assure yourself a computer or computer 
time until delivery of your system you can 
insert a clause stating that the vendor shall 
provide you with time on a computer similar 
to the bid item from date of contract to date 
of delivery. You should specify hours of the 
day, number of terminals, disk space require· 
ments and so on. If the interim system is a 
timesharing system, available over phone lines, 
be sure to specify that the telephone calls 
must be a LOCAL call from your location (or 
else the vendor must pay all phone charges). 
This section should be included as a biddable 
item, the vendor can charge you for the service. 
In two bids locally, HP bid no charge while 
other vendors were going to charge as much as 
$600 per month per terminal! 

To cover yourself and assure you sole dis
aetion in the ultimate choice you can add the 
following clause: The contract will be awarded 
to the responsible bidder(s) who in the judge· 
ment of the district makers) the most cost 
effective proposal(s). The district reserves the 
right to reject any or all bids and to sit and 
act as sole judge on the merit and quality of 
the material, or equipment, or service offered 
and on the responsibility of the bidder and 
may accept whatever bid or combination of 
bids is deemed to be in the best interest of the 
district. This essentially allows you to reject 
or accept any bidder for nearly any reason. 
This clause takes away the sanctity of "low 
bid" and places the bid process into the 
category of an information gathering proce· 
dure that allows the district to choose from 
what the vendors offer, without regard to 
price. We have seen an entire set of bids 
rejected. under this clause and in another 
case, saw Data General low bid a 12K, 5 ter
minal Nova system for $17300 and lose to 
an 8K, 5 terminal DEC Edusystem 20 bid in 
at $17990 (explain that one!). 

To be continued next issue - 12 



I·P 2000E UPDATE 
Our first issue introduced you to HP's latest 
timesharing system, the HPZOOOE. At that 
time we made some favorable comments about 
this new low cost system and its BASIC soft
ware. Well, I won't retract what was said, but 
had I been keeping a diary of the ups and 
downs of our system since then, reading it 
would have blown your mind! 

We've had every kind of problem that was 
possible. Erratic software crashes; known soft
ware crashes; disk crashes; disk alignment prob
lems; multiplexer problems; modem problems; 
you name it, we had it. We reached the point 
where we felt we knew more about their J;rob· 
lems than HP did. But they responded, and 
quickly, and our net down time (system in
operable) was really Quite low considering ... 
J must give HP credit. When problems began 
to appear they shuffled to fix our system and 
keep us on the air. I should mention that we 
exercise the hell out of our system. Prime 
time runs timeshared BASIC while the 4-10 PM 
shift operates in Batch FORTRAN processing 
our Comprehensive Achievement Monitorinq 
data. 

The problems seem to be over (I may regret 
having said that). At this writing the hardware 
is running smoothly and the first "released" 
version of the software hasn't crashed yet and 
they tell us that the second revision is on the 
way already. (New revisions are usually im
JXovements.) I must also mention that the 
current status of our system is 12 months be
hind schedule; however, during this year HP 
gave us free time on a 2000c located nearby 
(local call). 

You can thank us and two other users for 
debugging this system for you. NOW it's 
ready for public consumption. The price has 
been reduced to $40,000 (probably because 
DEC now offers a M1NI-RSTS in the same 
IXice range and it has a similar hardware 
configuration). With all our problems, I'll 
still recommend the 2000£ as a good starter 
timesharing system (is that blind faith we 
hear?) 

{LeRoy and the 2000E reside at Ravenswood High 
School, one of six schools in the Sequoia Union 
High School District, Redwood City, Ca. He also 
works at Dymax/PCC.} 

Last issue we suggested rltar tlie Lawrence 
Hall of Science HP2000B was jealous of the 
newly installed HP3000, so it stopped working 
temporarily. Well, here's another one. The 
HP2000B at TIES ill Minnesota had a huge 
dnml crash (some problem as that at UIS) 
shortly after tlie delil'ery of a new HP2000F 

draw your OWI/ conclusions. 

I 

Quick Look at 
DCC-116 

We recently paid a brief visit to Don Nelson, and 
played a bit with DCC's multi·user BASIC. The 
system looked jl(etty good (the one we used had 
strings and MAT functionsl. The strong point of 
the setup, however, is its reasonable cost. Here 
are a few excerpts from DCC's jl(ice list, which 
represent the main parts of the system we looked 
at. 
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:~ 0 
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:.an1~fyo'u'doareforespond,do$Oanditwiliappear ~ ~~ii'j-_~ ~ 0; :: 8. ~~ ~~ i:~~ ~2~ 
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• much sood when it come. to promoting more money. • • 
• You have to set oul of the math problem-solving Iyn-
: drome (tha,', what I oall it) and try to set as many 
• other people involved wilh your computer as pouible. 
: The science department illhe firlliogioal choice. The 
: Huntinston Project computer progrums (see pa&e 3) 
• make it easy for any lCience teacher to set involved 
: with a computer. The.te programs couer a wide ronse 
• of science topia and are. available, reudy to run on 
: miut eduoational computer sYltems, The btuineu 
• department is the ned logiml wer. I'm a blllmen 
: f.eocher and I'm nOI convinced thai you'll find much 
: support there, but look anyway for the one person 
• who is teaching data proceuin& or is interested in 
: teachin& it. Socialltudies toochers have an inherent 
• di.ulain for computen but you mn probably find one 
: who is into laming or limulations who would enjoy 
: havin& hilltudenll do a simple economic simulation 
• or limply playa compuler same. The relourcesare 
: available from HPand DEC. All you need to do u 
: set them and we them. 

• 
• Some ,chools hove done some for out things like 
: lCoutins footballgamel for the athletic department 
• wing Ihe computer. Some have done work in Enslish 
: on a /Jery basic lelU!L There are even thin&s thol oon 
: be done with home economics and ar/. One easy 
• thl1lS 10 do for anyonf', is the tabulation of surveys 
: or correctiry; tests, if you want to get into lhal. 

• 
: The important thins iI you have to get othen involved. 
• You'll bretJk your fanny doing it, but 11 you wanl to 
: SC' more than a one terminal minimum system you are 
: goIng 10 have to substantiate your need. You oan'r 

• subsumtiDte a need the math :!:l~::;;'.!!. 
: wing the computl!r. 
• 
: Finis iF 
• • 

16K for $64001 Moreover, educational discounts 
are available (we promised not to tell how much). 
on items without trailing alphabet letters. There 
may be some software deficiencies at this point 
(e.g., a "floppy disc" system is available, but no 
!Oftware yetl. This should get better. If you're 
interested, as well you might be, check with: 

Don Nel!On 
Digital Computer Controls Inc. 
20430 A Town Center Drive 
Cupertino, Ca. 95014 

PLS 

WEATHER REPORT *** NOV AND DEC OF 
1972 BROUGHT SOME OF THE COLDEST 
WEATHER WE CALIFORNIA RESIDENTS 
HAVE EVER ENCOUNTERED. ALONG 
WITH THE BAD WEATHER CAME A SERIES 
OF INTERESTING COINCIDENCES. EVERY 
COMPUTER WE USE (ABOUT 4 IN NUMBER) 
WAS EXPERIENCING WEIRD PROBLEMS. 
SOME WERE DOWN ALTOGETHER. SOME 
WERE JUST ERA TIC. MINI COMPUTERS 
ARE SUPPOSED TO BE IMPERVIOUS TO 
WEATHER FLUCTUATIONS. SO WHAT 
HAPPENED? PERHAPS IT'S COINCIDENCE. 
PERHAPS IT HAS TO 00 WITH POWER 

FLUCTUATIONS. PERHAPS STATIC ELEC-
TRICITY WHICH BUILDS UP IN COLD 
WEATHER CAUSED PROBLEMS. WHO 
KNOWS? THINK BACK .. ' DID YOU HAVE 
PROBLEMS? WR ITE ANO TELL US ABOUT 
IT. 



"OW f 
EduSystem'! An EduSystem is :!n educational 
computer system made and sold by DEC' ... 
Digital Equipment Corpomlion ... the largest 
mini computer manufa cturer . EduSystems are 
built around the POP8 and PDPII minicom· 
pulers. 

In looking over DECs C'dtalog, I see lots 
o r EduSystems ~ like EduS and Edu 10 and 
Edu20 and so on. Some use the POPB computer 
and some use the PDPII. This time I'll talk 
abolll some. but not all, of the POPS &10-
Systems. They let you start small and then 
grow bit by bit as your needs ~row. Like 
thi s: 

5 and 10 

,-

20 and 21 l---~ 

1 'O'UM< 

" 
Ilo8user. 

Maustoraoe 

PDP .. BaNd EduSp'em, 

1$1Ind3Ol. l---~'5/8...,;1:)o 

I' m go ing to take the high road and ta lk 
about EdulOand Edu20 (thi'i ti me) a nd EduJ I 
and Edu~5 (next time). 

You can sta rt with EduSystcm 10 or 
EduSystcm 20. 

A {me user EduSystem 10 costs S6960. 

• PDP8e computer with 4K 
words of memory 

• hardware bootstrap· 
• one TTV (Teletype) 
• EduSystem 10 software 
• Textbook kit 

4490 

500 
1620 
250 
100 

$6960 

A (Jilt' IIser EduSyste m 20 costs $8370 . 

• PDP8e co mputer with 8K 5650 
word s of memory 

• hardware bootstrap· 500 
• power fail detect and restart 250 
• one TIV (Teletype 1620 
• EduSystem 20 software 250 
• Textbook kit 100 

$8370 

- 1/tlfdu;aN' bootstrap is a luxury . .. ruu fJO ,V'T 
Nf.'IW IT . .. WI' f' mOfley by 110' ~lIwg it. 

s 

Ir at all possible - start with Edu20 
instead of Edul O. For only $1410 more you 
get a mu ch, much , mu ch (how many muches 
will convince you?) better system - a system 
that provides a better base fo r grO wing. 

\ bootstrap is a short prOJ,:ram uSt'd 10 
load bigger program~ into the computer. 
'Otl can hand load a bootstrap in about 
one minute - thcn it sits thert" in mem
o,,, d.,yaHcr day - it's usually there 

you need it. Once in awhile, it 
gets clobbered and you have to spend 

minute relolldi"« it. 

"Ia,d." ", bootstrap ($500) is a per
manent builtin bootstrap - it will save 

minute of your time ev~y few 

fail detcct and restart is 
keep! your IOftware from ,citing 
out durin« powcr failures or Icnlporary 
brownoulll or when IOn1C'QllC lrips over 
the po"·er coni. You jusl re!!tart when 

is OK acain - otherwa.. you UM.!
rdoad the IOftware. 

11011..-. ltollutef. .. "" 
....... "'*0' 

Mu'H.nvua~ . 
AeoiOUree-w"tIoQ • - ... .... 

That ain ' t all - let me tell you about SLOTS. 
Here is a POPS chassis. Each card plugs 

into a SLOT. You grow by buying more cards 
to plug into SLOTS. 

A PDP~e chassis (''Omcs with 10 slots. A 
41\. memory computer eat:; up I 0 slots, leaving 
you I 0 to g row inlO. 

An 8K me mory computer eals up I I slo ts 
leaving yo u 9 to grow into. 

Expa nding a 4K memo ry to 8K ea ts up 4 
~ Io t s. Hardwa re boo tstrap cakes 1 slo t. Powe r 
fail detect and restart tak es I slo t. 

• Start with Edul0 and 
grow to Edu20 (8K ) 

• Start with Edu20 (8K) 

Takes 16 slots, leaves 
on ly 4 to grow into . 

Takes 13 slots, leaves 
7 to grow into. 

Now le t's start adding Te letypes to a one 
use r Edu 20 . First , let 's suppose yo u buy the m 
from DEC. For each add-on TrY , you also 
need an infer/ace card, (sort of like a United 
Nations translater ... it translates lTY talk to 
PDP8 talk and PDP8 talk to TrY talk). 

Fo r EACH additional TrY (rrom DEC) 

• TTY 
plus installation 

• interface card land 1 slot) 
plus installation fDU/J/ffR I.M"'o,) 

$1620 
120 
300 

-"!! 
$2100 

Here is how you get rrom Edu I 0 to one 
user (8K) &lu20. 

• Edul0 
• additional 4K memory 

+ installation charge 
• power fail detect and restart 

+ installation charge 
• EduSystem 10 software 

$6960 
2750 
150 
250 

60 
250 

$10420 

To start with EdulO and then e xpand to one 
user Edu20 costs you: 510420 

But you co uld have start ed 
with Edu 20 : 

Growing pains: 

8370 
$2050 

An 8K Edu20 can handle up to 4 T e letypes. 
Let 's look at the differe nce in pri ce in buying 
a 4 TrY Edu20 or buying an EdulO then 
expanding it later to a 4 TrY Edu 20. 

Edul0 6960 
+ Edu20 stuff· 3460 
+ 3 TTVs· 5120 
+ 3 interfaces · 1080 

$16620 

• includes installation 

1 user Edu20 
+ J TIVs · · 
+ 3 interfaces 

8370 
4860 
1080 

$14310 

•• if you buy them with the original system no 
installation charges. 

Your l urn. Compute growing pai ns: 

I b620 143 10 = 

Oh yes, with sysrem®yo u have used 19 

slot s - only I left for growing . With syste m G 
you have used 16 slots. 4 lcft ror growing. 

Well - more nex t issue , like adding core me mory 
to Edu20 , and Edu21 and Edu25 and ... we ll, 
what do YOU want to know ? 

, 

Build a .... U- .. r .... ncl 
IlcluSy.t:e .... 

Reprinted from EDU . EDU isDEC's 
educational newsletter ... it 's free I 

· p. • • u ... ,..ty _ like OU; (tel.typ.. 
dbru. qulte .. bit! 

_ "'l~ u.. tel.1;ype on .,ltlo .... _rll.ll"9 eo 
Ute pepor upo .... der ~I ..... . 

, Use 1\1099&9. hold ~...". .lnU" .... rda 
( .... U_l. 1 ...... to n ...... ) "'1t1'1 ey.bolt. 
for t~ cooop.tter. 

• .. _ e_ll r .... d .. q nrifNI .ro\I.fId u.. 
be .. Itt tI'I. eoooputer.o it _'~ .Ud.oo. 

• .,.. l~ ("-5~) euu ... eo th. e.rt Ie 
.u, CO ..... 11 ........ ..d. 

• Au.o.6 u.. tel.type _00 .... Wl' ... ..d.r 
u.. ""'P. ...~ ... J.~ _.11 eeq .......... d it 
to u.. out C1lri"". Un.,. .... 

,"'111111 i 111111111111 h 11111111 11111 i III 11111 II h III'" III "'11111111 

Wallt to 53\·C some SSS 

Buy only your FIRST Teletype from DEC. 
(fhey will probably insist 011 thi! becau.se 

::;: of maintenance con!ideratiolls.) Buy the 
rest of yotlr Teletypes from IIOmOOlie else. 
You should be lIble to save about $500 per 
lTY. I See PCC. Oct .• J 972, p. J 3 and 
Dec .• J972p_t2and 131 

- ... - - .. - ... 

TO ; David Ahl 

\ 

\ 

I 

Digital Equipment Corp. 
146 Main Street 
Maynard , Mass. 01754 

I read about DEC in the People' s 
Computer Company. Please place 
my name on your mailing list to 
get EDU and other information 
about your educational computer 
products. 

\ Thanks. 

Name _______ _ 

&hool ______ _ _ _ 

Address ______ _ _ _ 

City ___ ,State ---CCCC"-, ZIP 
\ 

\-. -/ .. ~ . - . -- / -
\ 
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RATIONALSCALES ~SfC US\ 
L'lst issue we looked at some BASIC applications in the field of music. 
We promised a Pythagorean program. Here it is, and some problems 
based on its key ideas. 

Pythagoras' gifts to Illusic and musicians were many; the two we 
will usc here arc: 

(1) A vibrating objett produces O)'€rtOfies with frequencies that are ~ 
integer multiples of the fundamental frequency (see pee No.2 to r:. 
avoid confusion), 

(2) Intervals between tones are specified (and apparently perceived!) tv 
as the ralio of I he freq ucncies of the two tones. • 

This second idea suggests that ralionaft approximations to any 
interval are possible. As it turns out, until the lime of Bach all con
structed sca les (in the West) were based on this idea. Pythagoras him
self constructed one which became the basis for our music system. 

To start with, remember that the overtones are integers, if the 
fundamental is set equal to I. When Pythagoras plucked his one
stringed "mooochord", he obtained as the strongest and most pleasing 
overtones the frequencies 

2 3 

He then reduced this 3-tone scale to the range of one octave (the 
interval between I and 2). To do this he used a lower octave of the 
3 overtone, a note with frequency 3/2. The scale then became 

3/2 2 

This is the basic scale. What next? 
Well, the 3 overtone has an overtone with frequency 3·3 = 9 

which sounds pleasing when it accompanies overtone 3 (for the same 
reason that 3 sounds good when it sounds together with tone I). 
Moreover, tone 9 has the same "good vibes" with tone 27. Pythagoras 
continued to add tones in this fashion until he had a scale of seven 
different tones , two of which were the origina l I and 2. They were 

9/8 81/64 3/2 27/16 243/128 2 

These frequencies have been reduced to one octave by successive di
vision by 2, and arranged in numerical order. 

Pythagoras also added an eighth tone to his scale. This interval 
does not appear in the overtone series of the fundamental, but it is 
closely related to the fundamental. It is a note with frequency 

2/3 

The fundamental is the 3 overtone of this note. In order 10 place it 
in the same octave (from I to 2) as the rest of the notes, it must be 
multiplied by 2. Here is the complete scale. together with the names 
for these sca le degrees derived from the medieval theorist Guido of 
Arezzo: 

9/8 81/64 4/3 

DO RE MI FA 

3/2 

SOL 

27/16 

LA 

243/128 

TI 

2 

DO 

This eight-tone scale has dominated Western musica l thinking for thou
sands of years. It also appears in Hindustani music. Here is a program 
which generates the frequencies in the true Pythagorean manner, and 
prints them out in decimal notation. 

t A rafiOfUJl number iJ a number that can be writlen III the ratio of two inlet;erl. 
E.g., 1.5 is a rational number because if con be written aI3/2. 

I"'kINT "PY1HAL Ord·..-AN !:>CALl" 

I.J 1 f'o" "C 7 J 

/ 

l ull 

II U 
I~O 

IJU 
140 
I :'0 
100 
17·0 
I hO 
190 
200 
2 10 
220 
2JO 
240 
";0 
l-!60 
'[I[! 

C'PO 
~90 

300 
310 
3?0 
3JU 
JilO 
3::>U 
360 
371) 

;jt II 
~190 

kl~ SlAk1IN[ ~lTH 2/3~ ~UL11PLY SUCLtbSI~EL~ cY 

1.E1 Fel J=2/3 
"'lk 1 =2 10 7 
LET F( I J=F(l-1 J*3/2 
N!:..XT I 
hEV crJNV~kT 10 NUMbEhS b~l~l~N 1 ANU ~ 

Hlk I=l 10 7 
IF F(IJ >= 1 THEN 210 
LET FCIJ=2*F(IJ 
IF 1'[1] <= 2 THlN 240 
LET F(IJ=F(IJ/2 
G~Hl ~ IO 

NEXT I 
kEM S0~T L0~EST l~ hl(,hlSl 
HIt< 1=1 Hl /, 
F0k • .1=1 T0 1 
IF 1'(.1) <= FCJ+l1 ·'}-it,,· J~O 
LET X=f[JJ 
LET F['.lJ=f ('J+l] 
LElfCJ+l1=X 
N[XT .J 
NEXT I 
hF~ Ph INT 1 H~ . 
"r·t 1=1 H' 7 
t'tdi'il F [J 1 
t\lF.XT 1 
PI l", 
H'LJ 

..lL/ .. d .10 

Hey, compwer people. Tum 011 

some music people with this stuff 
after you 've tried it yourself 

"- l I / /J5 
" 11'\ 

~~ 

".Y1 HAGnt\E-.. AN :,c.;Al.t" 
'-. I '---- t • 125 

"-I .33333 

\' ---- 1.26562 
I .; 

../ 1.6S?!:> 

\\ / ....... 1 . 89844 

t / \ 
r} rt 

o 
Where is tone 2? It must be added at the end, eC3USC the scale is not 
complete without it; like the NEXT statement, it tells you where to 
start repeating. But - it cannot be generated like the rest of the tones: 
no power of 3 ever exactly equa ls any power of2. This problem 
plagued Pythagoras, and every other musical thinker after him. In a 
scale based on the 3 overtone as this one is, only intervals which can 
be reduced to powers of 3 divided by powers of 2 are "in tune." All 
the other.; are out of tune. In the 12-tone tempered scale we discussed 
last time, all the octaves are "true," and everything else is out of tune. 
Which is better? Some partial answers may appear in future issues, 
but check out the literature first (assuming you have virtually un
limited time). 

Now for some prob lems. You can modify or adapt our program 
to solve these if you wish. 

First, you might wish to be able to INPUT the frequency of the 
fundamental in cycles per second, and obtain the Pythagorean fre
quencies in the same units. Do it! 

Second, there are other important intervals besides 2 and 3/2. 
One of the most important of. these is the ratio 5/4, which is the 5 
overtone reduced to the lowest octave. The system of "just" into
nation uses the 5/4 overtone along with the 3/2, to create a scale that 
fits the "3 main chords" very well indeed. For a complete explanation 
of the terms which follow. you'll need a music text. First, the Tonic 
(home base) chord is defined as consisting of the following tones 

Tonic 

root 

5/4 

3rd 

3/2 

51h 

This pattern is cha ra cteristic of "major triads" in the just intonation 
system. The other two of the 3 main chords are called the Dominant 
and the Subdominant. The Dominant starts with tone 3/2. and the 
Subdominant starts with tone 2/3 (symmetrical, no?). 

The tones of the Dominant are computed as follows 

root = 3/2 
3rd = (3/2)'(5/4) = 15/8 
51h = (3/2)'(3/2) = 9/4 

Note that the relative frequencies of the 3 tones are the same as in the 
Tonic. Only the starting frequency has been changed. 

Similarly, we can describe the Subdominanl. 

rool = 2/3 (moved up 10 4/3) 
3rd = (2/3)'(5/4) = 5/6 (moved up 10 5/3 Ihal is, 10/6) 
51h = (2/3)'(3/2) = I 

This gives us a complete scale of eight tones if we count the 2 over
tone. Here is the scale (rearranged). 

.1/ ~. 
9/8 5/4 4/3 3/2 

DO RE MI FA SOL 

Can you program this one? 

5/3 

LA 

15/8 

TI 

2 

DO 

Next, here are two "approximately Oriental" scales. One is 
pentatonic, the other diatonic (eight tones). 

5/4 

9/8 

3/2 

5/4 

7/4 2 

11/8 3/2 7/4 15/8 2 

Naturally, "do" "re" etc., don't do justice to the sounds of either 
of these two scales. 

Can you program them? Can you play them? 
Final question: If the overtones go up to infinity, do all inter-

vals appear when you play one tone? Can any interval be approximated 
(to a given level of error) with a rational fraction? 

Quick and easy reference: ~ __ -

Paul S. Malcom, "Mathematics of Musical Scales," V e:::::::s 
The Mathematics Teacher. November, 1972. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

In future issues of pee. Peter Lynn Sessions will present a transposing 
program, review existing music programs, and discuss "adI1anced" tech
niques for writing music composing programs. 
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