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* COMPLETE WITH 2K OF MEMORY 

* SERIAL INTERFACE 
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* STANDARD ROM MONITOR (Motorola MC 683017) 

ж AK AND 8K BASIC AVAILABLE 

Always the best value in hardware and now an outstanding 

selection of software too. What more could you want in a 

computer system? For less than four hundred dollars you 

get everything you need—ready to connect to a terminal 

and go to work. No surprises no funny business, just good 

reliable hardware in a very practical system that may be ex- 

panded to meet almost any later need. 

Memory and interfaces are not extra cost items in our 

system. A standard Motorola MIKBUG9 ROM monitor 

makes the system completely compatible with Motorola 

® Motorola 

software and eliminates any need for console switches and 

light. Data may be entered from the terminal in convenient 

hexidecimal form. The power supply is adequate to operate 

a fully expanded system with up to 24K of memory and up 

to eight (8) interfaces— simultaneously. 

See the 6800 and our peripheral equipment at your nearest 

dealer, or write for a complete description. 

MP-68 COMPUTER KIT —with serial interface, 

2k of memory and ROM monitor $395.00 ppd 

Southwest Technical Products Corporation, 219 W. Rhapsody, San Antonio, Texas 78216 
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Мее the Challenger: 

The | Challenger 
Self Portrait 

The new price and performance champ from OSI. 

He's got his act together! 
Even our lowest-cost Challenger 
comes fully assembled, complete 
with a 500 ns 6502A, serial interface, 
1,024 words of memory and a 
UL- -approved power supply, all for 
$439. Every Challenger comes ready 
for easy expansion with an 8-slot 
mother board, backplane expansion 
capability, and a power supply 
heavy enough to handle a full 
complement of system boards. Our 
АК Challenger comes ready to run 
BASIC minutes after you unpack it. 
And there's more. 

He packs some heavy hardware. 
You've never seen memory and 
interface options like these—not at 
our prices, fully assembled! 4K 
RAM memory boards $139! (see 
below). Single drive OSI Challenger 
Floppy Disk $990! Dual drive 
Floppy $1490! Plus 8K PROM 
boards! A Video Graphics board, 
including alphabetics, graphics, 
and color! An audio cassette, 
A/D, D/A and parallel 1/0 board! 
A backplane extender board! 
A Aere board! And our extra- 
ordinary CPU Expander Board—it lets 
you run a Z-80, and 6100 (PDP-8 
equivalent) concurrently with The 
Challenger's6502, or under its control. 

There's nothing soft about 
his software! 
OSI has full software support for our 
Challengers. Including extended 
BASIC, extended Video Monitor, a 
Disk Operating System, some 
very Hollywood real time programs 
for Video Graphics, Animation, 
Sound Processing and so forth, plus 
PROM firmware, with more to come. 

He's fast! 
You can order The Challenger with 
a 6502C for a 250 ns cycle time, 
with a standard 6502A for 500 ns 
cycle time, or with a 6800 for 1 
microsecond cycle time. And with 

our CPU Expander Board, you 
can always update to any new CPU 
to be as fast as fast can be. 

And he isn't just good! 
He's better! By design. The OSI 

: Challenger is the only completely- 
assembled, ultra-high-performance, 
fully-expandable mainframe computer 
that does this much for this little. 
Get your hands on one now. 
Send for your Challenger today. 

You can't beat The Challenger! 
The OSI Challenger 65-1K. Fully 
assembled. Features 6502A CPU, 
serial interface, 1,024 words of 
memory. $439. 
The OSI Challenger 65-4K. Same as 
65-1K but with 4,096 words of 
memory. Will run Tiny BASIC with- 
out expansion. $529. 
The OSI Challenger 65V-4K. NO 
NEED for an expensive terminal. 
Connects to your ASCII keyboard 
and video monitor through included 
OSI 440 Video Board. Features 
software utility that simulates a 
deluxe CRT terminal. $675. 
The OSI Challenger 68-1K. Based 
on 6800 CPU. For the casual 
hobbyist, smaller systems. The 
Challenger 68 series comes only in 
serial interface forms and 15 
compatible with MiKBug software 
through an included OSI software 
utilities package. $459. 
The OSI Challenger 68-4K. With 
OSI 4K BASIC on paper tape. $529 
SPECIAL! ADDITIONAL 4K MEMORY 
BOARDS. Ordered with your Chal- 
lenger, limit 3 more at this special 
Low Price, (total 16K, including 4K 
already on-board in mainframe). $139 
Buy 12K or larger Challenger 65 
system and we include Extended 
BASIC FREE! 

OHIO SCIENTIFIC INSTRUMENTS “& 
Dept. СС 11679 HAYDEN STREET, HIRAM, OH 44234 

OSI Challenger Floppy Disk System. 
Fully assembled, for use with OSI 
Computers only. $990 Single drive 
$1490 Dual drive. 
OSI Audio Cassette Interface. 
Comes assembled, but with room 
for you to populate with A/D and 
D/A chips later. (OSI 430 based) $89 
And all the baseboards and kits of 
the powerful OSI 400 System. 

OK, OSI, Рт ready to buy! 
To order your Challenger System, 
send the total amount of your 
purchase plus $4.00 for shipping and 
insurance (plus sales tax for Ohio 
orders) by personal money order or 
check. Or indicate all numbers 
on your BankAmericard or Master 
Charge to charge your order. 
Or send a 20% (non-refundable) 
deposit to receive your order C.O.D. 
Delivery is typically 60 days (except 
when payment is by check, which 
must clear before shipment can be 

. made). Deliveries are scheduled on 
a first ordered, first shipped basis. 

Name 

Address 

Оңу 2s . .. 9tate 

Telephone 

Zip 

Bank card info Inter Bank # 

Expiration Date 

Account — = s у 

Check[] M.O.[] ВАСО MC[] 
20%, bal. C.O.D. Д 

П Order attached. 

П Send additional informa- 
tion on The OSI Challenger. 

П Send additional informa- 
в tion on OSI 400 Kits. 

æ [ | $1.00 enclosed 
for complete 
OSI Catalog. 

(216) 569-7945 
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Microcomputer pro 

The fact is that right now microcomputer program- 
ming is a bear. Microprocessors are loaded with subtle- 
ties which make software development a long, arduous 
process. That's why we developed the ia7301 Computer 
in a Book? It's a fully operational microcomputer system 
and a 250 page programming course all contained in a 
3-ring binder. This is not a kit or a toy but a powerful, 
microcomputer system (based on the industry standard, 
the 8080) and a practical programming course specifi- 
cally designed to quickly bring you up to a high level o 
understanding and proficiency in programming 8080 
based microcomputer systems. 
The Computer in a Book comes to you comple 

assembled and tested. All you need is an inexpensiv: 
dual voltage (- 12V & + 5V) power supply. The —5V 
is generated internally in the computer. There is nothing 
else to buy. 

A super programming course 
The programming course text is easy to follow and 

begins with a one instruction program to determine if 
a switch is open or closed. This is built upon and ex- 
panded, instruction by instruction, until 250 pages later, 
you become adept at programming complex problems 
like multi-byte arithmetic and games of skill like Pong!" 
Only with the lasis Computer in a Book can you have 
the advantages of a handy programming text together 
with an operational computer to load and test programs 
each step of the way and thereby learn the intricacies 
of microcomputer programming at a comfortable pace. 

And since this microcomputer has a special built in 
monitor program which allows you to look into the 
operational parts of the system you'll never get bogged 
down in debugging or editing. The ia7301 Computer in 
a Book is the fastest way to learn everything about 
microcomputer programming. 
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“U.S. Patent Pending 
Pong is a trademark of Atari, Inc. 
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The microcomputer system features a 24 pad key- · 

board, 8 seven segment LED readouts that display 
information in hexadecimal code which is far more 
versatile and advanced than binary or octal coded 
systems, and an onboard cassette tape interface for 
saving programs. The hexadecimal keyboard also con- 
tains 6 special mode keys which allow you to call up and 
change any data or instructions in the 8080 registers 
or in the system's RAM memory. Likewise programs 
can be executed instantly or they can be stepped 
through one instruction at a time using the appropriate 
mode key, so that you learn your way around the inner 
workings of an entire microcomputer system. 

Also the write tape and read tape mode keys have 
been carefully designed for accurate and convenient 
operation with any home cassette tape recorder that has 
an earphone and remote microphone jack. Two LED 
indicator lamps tell how long it takes to dump or reload 
programs from the systems memory onto tape and back 
again. But in the reloading cycle, if any errors have 
occurred such as a lost piece of data, or the volume knob 
is too low, the readout displays will indicate errors. This 
little feature prevents untold problems in debugging a 
reloaded program. 

Upwards expandability from the start 
We designed the Computer in a Book to be upwards 

expandable and not become a kluge in the process. The 
microcomputer contains 1K bytes of RAM memory, 1K 
bytes of PROM memory (containing the monitor pro- 
gram), and 2 I/O ports. The Computer in a Book is 
expandable to virtually any level you want, i.e. up to 
65K bytes of memory and 256 I/O ports. 

Optional expander boards are available and attach to 
the ia7301 computer at the top edge connector. A wide 
variety of standard interface boards can be plugged into 
the system to give add on memory, ТУ and teletype 
interface, and much more. Thus an educational system 
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preprogrammed PROMs апа . 
extension cassette tapes so you can use your computer 
as a teaching machine for your children, as an inventory 
control system for your business or as an accounting 
system for your home. The Computer in a Book can 
become a computer for all reasons. 

A college assistance program 

Educators interested in ex- 
posing their students to a 
comprehensive background in 
Microcomputer programming 

How to 
Set Upa 
Microcomputer 
Programming 

(ee oh should look into the lasis 
Microcomputer Instructional 
Courses for their college or 
university. Send for our free 
pamphlet which describes 
ways of setting up short 
microcomputer programming 
courses. It offers some advice 
on structuring a coordinated 
and comprehensive program, 
so your students can learn 

programming and get valuable hands-on experience 
with operational systems at very reasonable prices. 

The price 
The complete Computer in a Book which includes an 

operational 8080 based system, 250 page programming 
course, machine code pad, hexadecimal conversion 
card all in a 3-ring binder is offered for only $450. The 
Computer in a Book has a 90 day parts and service 
warranty. lasis also provides a check out list and start 
up instructions with each system. Please allow 30 days 
for delivery. 

gramming is a snap 

DOOK 

A free bonus 
If you order 

your Computer 
in a Book before 

Мау 15. 1977, 

$8.00 Microcomputer 
Applications Hand- 

book as a free bonus. 
| It contains 144 pages of 
| text, diagrams, and tables 

on hardware design and 
microcomputer applica- 

tions. Order today. If the 
Computer in a Book isn't 

/ everything we say it is, then 
return it within 15 days for 

| a full refund and keep the 
as a gift. We're sure you'll find 

that microcomputer programming is a snap with the 
ia/ 301 Computer in a Book. 

I: Heres my check or money order. бог —  -— com- 
plete ia7301 Computer(s) in a Book at $450 each. 
Since | ordered my Computer in a Book before 
May 15, 1977, І wantthe Microcomputer Applications 
Handbook as a free bonus. (Calif. residents add 
614% sales tax). 

| 

> 5. 

Е] Charge my order їо the credit card below: 
BankAmericard No. 
Master Charge No. аси 
For Master Charge card, put 4 digit number from 
above name here 
My Signature 
Credit card expiration date 

Name. 

Firm 
Address бу eee 

City State Zip g 
g 

L] Please send me your pamphlet on setting up a Micro- : 
computer Programming Course. g 

Ё 
m Mail to: lasis Inc., 815 W. Maude, Suite 32, E 

Sunnyvale, CA 94086 - 

EE (408) 732-5700 : 
iasis inc. - 
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2nd Trenton Computer Festival 

Last year the Trenton Festival was planned as a modest 
hobbyist get-together. It ended with vendor booths lining 

the corridors, a huge outdoor flea market and sessions in 3 
buildings. This year the Festival promises to be twice as good 
because it's two days instead of one. 

It will be in the Student Center Building at Trenton State - 
. College, Route 31, Trenton, NJ. There will be some 85 

booths, a huge flea market, and ЗО outstanding speakers 
(including our own Dave Ahl). Co-sponsored by the NJ and 
Phila. Area Computer Clubs. Starts 10 am April 30-May 1. 
Registration is a delightfully modest $4.00; students $2.00. 

Computer Faire 

Have you got your tickets yet for the Faire "happening" April 
15-17 in Brook's Hall, San Francisco? You can even get course 
credit from the University of California by attending. It's shaping 
up to a mágnificent Faire with something for everyone and with 
the emphasis on use of microcomputers at home and in 
education. 

There will be a display of over 200 systems up and running 
which might contain ones you've laid awake dreaming about, and 
just needed to see working to figure out how to do. 

The over 100 conference sections are planned for new 
information and a lot of fun (a theme in this show), to tell you 

. about graphics on home computers, computer assisted music 
systems, floppy disc systems for personal computers, systems for 
small business or classes, games, standards. The list is long. 

What's impressive about this Faire is the local support that is 
co-sponsoring it, which includes amateur, professional, and 
educational groups. | 

There will be a banquet both Friday and Saturday night, each to 
feature two speakers, one "real world" and one "future world." 
Friday night's speakers are John Witney, who will show his new 
computer animation films, and Frederick Pohl, who will weave a 
science fiction future. 

Featured on Saturday night are "real world" Henry Tropp, who, 
with help from a joint AFIPS-Smithsonian grant, has interviewed 
on video tape many of the old timers who developed the 
technology of computers. He will recount their anecdotes and 
viewpoints. The "future world" speaker is none other than Ted 
Nelson whose “Unforgettable Next Two Years" you'll never 
forget. Я 

Even for all of us who hate banquets these alone sound like 
they’d make going to the conference worthwhile. : 

. Creative Computing will be at the Faire with some conference- 
specials for our readers. Meet us at booth 214. 

For tickets or details contact: Jim Warren, Faire Chairbody, Box 
1579, Palo Alto, CA 94302, (415) 851-7664 or 323-3111. 
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15th Annual AEDS Convention 

Held at the Green Oaks Inn in Fort Worth, Texas during April 
25-29, 1977, the theme of this conference is EDS = f (H,S,P): 
Educational Data Systems are a function of Hardware, Software, 
and Peopleware. 

Papers will focus on new practical, workable approaches to 
problems in the educational data systems field. 

A.U. Majors, Convention Chairman, Ft. Worth ISD, Ft. Worth, 

Texas. | 

Hobbyist Computer Shows 

Three hobbyist computer shows will be held this spring and 
summer beginning with the first Western Personal Computing 
Show at the Los Angeles Airport Hyatt House Hotel, March 19 and 
20. The second show will be held at the City Line Marriott in 
Philadelphia, April 30 and May 1,and the third at Haynes 
Auditorium in Boston, June 18-19. | 

In addition to manufacturer exhibits, these shows will feature a | 

number of seminars and workshops. One seminar of note is 
"Software — The Tip of the Iceberg?" which will cover many 
aspects of software for micorcomputers. These shows are 
sponsored by Personal Computing Magazine. Registration is $10 
at the door or $7.50 in advance. 

Personal Computing Shows, Conference and Exposition 
Management Co., Box 844, Greenwich, CT 06830. 
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15th Annual Southeastem 
Regional ACM Conference 

Hobbyists are encouraged to attend this conference to 
exchange ideas, see micro-systems in operation and attend a 
special technical paper session in which micro-computer users 
will describe their systems and applications. Papers or systems 
are being solicited. There will be a computer chess match and 
large exhibit area. $2 for a pass to exhibits and the computer 
match; $5 adds the hobbyist technical paper session; $30 adds a 
table with power outlets to display a system; more $ for more. The 
conference is being held in Biloxi, Mississippi on the Gulf Coast, 
April 18-20, 1977. 

To present a paper, exhibit, or get information contact: USM- 
ACM, Robert Hyatt, Exhibit Chairperson, Box 5251, Southern 
Station, Hattiesburg, MS, 39401, (601) 266-7131. 

Survey Drawing Winners 

In the Nov/Dec 1976 issue of Creative we included a detailed 
reader questionnaire about you and your interests. To everyone 
who returned a questionnaire: a big THANK YOU for your 

thoughtful response. 
You'll recall that we also offered a crass, materialistic incentive 

for returning the questionnaire, namely 3 prizes. The lucky winners 

are: 
e Ed Anglin, Santa Barbara, Calif. (3-year subscription) 
e John Rabenaldt, Odessa, Texas (1-year sub'n) 
e Jim Denning, San Francisco, Calif. (1-year sub'n) 
Questionnaires were numbered as they arrived in our office. On 

Jan. 12 the winners were picked by computer, of course. Or, to be 
more exact, by the Basic random number generator in the GE 

Timesharing System. 
_ А complete analysis of the contents of the questionnaires will 

appear in the May/ June issue. 
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Twenty-five years ago a computer as powerful as the 
new Processor Technology Sol-20 priced out at a cool million. 

Now for only $995 in kit form or $1495 fully 

assembled and tested you can have your own small computer 
with perhaps even more power. It comes in a package about the 
size of a typewriter. And there’s nothing like it on the market 
today. Not from IBM, Burroughs, DEC, HP or anybody else! 

It fills a new role 
If you're an engineer, scientist or businessman, the 

Sol-20 can help you solve many or all of your design problems, 
help you quantify research, and handle the books too. For not 
much more than the price of a good calculator, you can have high 
level computer power. | 

Use it in the office, lab, plant or home 
Sol-20 is a smart terminal for distributed processing. 

Sol-20 is a stand alone computer for data collection, handling 
and analysis. Sol-20 is a text editor. In fact, Sol-20 is the key 
element of a full fledged computer system including hardware, 
software and peripheral gear. It’s a computer system with a 
keyboard, extra memory, I/O interfaces, factory backup, service 
notes, users group. | 

It’s a computer you can take home after hours to play 
or create sophisticated games, do your personal books and taxes, 
and a whole host of other tasks. 

Those of you who are familiar with small computers 
will recognize what an advance the Sol-20 is. 

Sol-20 offers all these features as standard: 
8080 microprocessor — 1024 character video display 

circuitry — control PROM memory — 1024 words of static low- 
power RAM — 1024 words of preprogrammed PROM — built-in 
cassette interface capable of controlling two recorders at 1200 
bits per second — both parallel and serial standardized interface 
connectors — a complete power supply including ultra quiet 
fan — а beautiful case with solid walnut sides — software which 
includes a preprogrammed PROM personality module and a data 
cassette with BASIC-5 language plus two sophisticated computer 
video games — the ability to work with all S-100 bus products. 

Full expansion capability 
Tailor the Sol-20 system to your applications with our 

complete line of peripheral products. These include the video 
monitor, audio cassette and digital tape systems, dual floppy 
disc system, expansion memories, and interfaces. 

Write for our new 22 page catalog. 
Get all the details. 

Processor Technology, Box C, 6200 Hollis St., 
Emeryville, CA 94608. (415) 652-8080. 
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FCC Grants Tymnet Carrier 
License; Biggest ‘Smart’ Net 

Now Open To All 

The Federal Communications Commission has granted 
approval for Tymnet, Inc. to operate as an interstate com- 
munications common carrier, clearing the way for any organiza- 
tion nationwide to access TYMNET, the largest and the most 
intelligent value added network chartered as a common carrier. 

Unlike other value added carrier networks which rely heavily on. 
multiplexing equipment at the majority of network access points, 
TYMNET employs intelligent communications processors in all 
but three of its nodes which provide local dial access in some 80 
cities across the country. This means that important user features 
possible only with intelligent processors — such as error control, 
alternate routing, and the ability to connect virtually any type of 
terminal device — are available to virtually all TYMNET users 
throughout the network. 

Services authorized for Tymnet, Inc. in its new carrier charter 
include "reliable, low-cost connections over its network for 
terminal-to/from-computer, computer-to-computer, and, 
through store and forward techniques, terminal-to-terminal 
message communications.” Customers in any business or 
endeavor may apply this range of services to such functions as 
data base access, general time sharing, collection of data from 
various locations, automated order entry, and transmission of 
business messages. 

Immediately offering service in the low-speed range (up to 1200 
bits per second), Tymnet will phase in other data com- 
munications services and its message switching service in the 
near future. 
Tymnet, Inc., 10261 Bubb Road, Cupertino, California, 95014. 

(408) 446-7000. Regional and district sales offices are located in 
Cupertino, Houston, Rockville, Md., Atlanta, and West Newton, 
Mass. 
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Once again we failed to credit Gordon Miller, editor of The Point Set as 
author of "The Four Color Problem," Jan/Feb issue, page 82. Sorry. 
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ANALYSIS AND DESIGN OF DIGITAL 
CIRCUITS AND COMPUTER SYSTEMS 

Paul W. Chirlian $16.95 

This is an introductory book in Digital Circuits and 

Systems. It not only provides the reader with the basic 

ideas of switching theory, but also provides him with an 

understanding of the total operation of the complete 

computer system. The topics of digital electronics and 

computer interfacing are also considered. The ideas dis- 
cussed here also provide the basic understanding of 

microprocessors and minicomputers. 

PROGRAMMABLE CALCULATORS 
Charles J. Sippl $11.95 

Written at an understandable level, this handy reference 

is designed for anyone interested in calculators. This is a 

pragmatic "how to use what's available" book on a 
difficult-to-understand subject. This reference offers a 16 
page appendix of glossary terms as well as an appendix 

of clearly-defined capabilities of products available in the 
market place. A complete guide to the industry as well as 

FUNDAMENTAL PRINCIPLES OF 
MICROCOMPUTER ARCHITECTURE 

Keith L. Doty $13.95 

This book provides a complete basis for exploring the 

dynamic field of microcomputer systems апа 

applications. After a general overview of the microcom- 

puter scene, the author illustrates how general computa- 

tion is a form of accounting with a decision-making 
capability. After developing confidence in the power of 

these existing devices, he proceeds to develop the notion 

of information and its representation as is seen by the 

computer and the programmer. No prior programming 

knowledge is assumed and elementary material on 
programming is presented. 

2'9 QUESTIONS AND ANSWERS 
ABOUT HOME COMPUTERS 

Richard L. Didday | $4.95 

A book for the person interested in microcomputers who 

wants to get an idea of what it can be like before buying 
the equipment and for the person with a microcomputer 

who wants ideas for things to do, help in reading the 
literature, help in deciding what ways to go. 

MATRIX PUBLISHERS, INC. 
Dept. CC, 207 Kenyon Rd. Champaign, IL 61820 

Matrix books also available in Byte Shops, computer stores, and bookstores. 
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a tutorial book. 

ALTAIR 8800 
OWNERS 

Does your Altair crash when the lights dim? 

* |s your Altair power supply inadequate for all the memory 

and I/O that you'd like to run? 

Then you need the unique Parasitic Engineering Constant- 
Voltage Power Supply Kit. A custom engineered power 

supply that installs easily in your Altair 8800 or 8800a 

mainframe. It has performance no other Altair power 

supply can match. 

* Full 12 amp output with line voltage as low as 90 volts 

or as high as 140 volts. 

* |solation from power line fluctuations and noise. 

* Protected against overloads. 

Don't let power supply problems sabotage your Altair. 

Order your kit TODAY. 

only $90 postpaid in the USA. 

Ca residents add $5.40 sales tax. 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

MAR/APR 1977 9 

Prices subject to change without notice. 

the new 
Heathkit 
catalog! 

Featuring the 
test equipment 
and accessories 

you've been 
looking for in 
money-saving, 

easy-to-build 
kit form. 

And our new catalog also lists hi-fi, television, amateur 
radio products and much more...nearly 400 quality elec- 
tronic kits for your every interest. You'll find Heathkit 
building easy and enjoyable with our famous step-by-step 
assembly manuals. And we won't let you fail. Should you 
have the slightest problem, an experienced staff of tech- 
nical advisors awaits your phone call. 

Send for your FREE catalog today. You'll see why quality, 
reliability and serviceability are familiar words to a 
Heathkit customer. 

Heath Company, Dept. 355-27, Benton Harbor, Michigan pe 

Heath Company, Dept. 355-27 TPN 

Benton Harbor, Michigan 49022 

HEATH 

Schlumberger 

Please send my FREE Heathkit catalog. | am not on your mailing list. 

Name 

Address 
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Comparing The НР-25 
with the SR-56 | 
Dear Editor: 

A couple of notes to James Blodgett’s review, in your 
November-December issue, of the HP-25 programmable 
calculator: 

The Texas Instruments SR-52 and the HP-65 are worth 
comparing, as he suggests, in that they both provide external 
storage of programs on magnetic card. However, the reader 
interested in making comparisons will want to compare the 
HP-25 with the SR-56. The latter was not mentioned in the 
review, but it, not the SR-52, is the comparable item. HP-25 
actual retail prices as I write this are around $135-$145; the SR- 
56 is running just under $100. Late winter seems to be the big 
price-drop time in calculators, so readers will be well advised to 
check again. Ads in the The New York Times are a convenient 

. guide, but of course can't replace phone calls to local stores. 
There is also the HP-25C, which “remembers” the last 

program keyed in even when turned “off”. Of course, it costs 
more. 

Comparing the Hewlett-Packard and the Texas Instruments 
calculators at either of the two levels (with magnetic card and 

. without) is not a task to be taken lightly. There is no direct 
match of programs steps and keystrokes, not to mention how 
much you can accomplish in n number of steps. Just an 
example, which is revealed simply by consulting the marketing 
brochures: To put a number in a memory register while adding 
it to a number already there, keeping the sum, the Hewlett- 
Packard routine of STO +n consists of three keystrokes, but 
uses one program step. By contrast, the SR-52 ad shows "STO 
15" as using three program steps. Presumably, the addition 
would have to be done first, since the SR literature does not 
mention what HP calls “register arithmetic" — the capacity to 
operate arithmetically on the display and a register, and store 
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the results in that register. To be fair, and further compound 
the contrasts, the Texas Instruments devices boast "indirect 
storage" (put a number in the register whose address is stored 
in the register addressed), a stunt the HP family discussed here 
does not do. A shopper should also notice that *GO TO STEP 
nn" takes one program step for Hewlett-Packard but requires 
three by Texas Instruments. 

You cannot, then, determine the length of a program, which 
these machines will accept by looking at a sentence which states 
the number of program steps each device allows. No doubt a 
reviewer who embarks upon a careful comparison of the two 
calculators (and, of course, that was not Blodgett's purpose) 
will find numerous more subtle differences. I have cited only 
those which seemed important to me, for the kinds of programs 
I wanted to write. I went to the HP-25 and, like Blodgett, 
became fascinated as well as pleased with how much I could do 
in *49" steps. Other readers may find indirect addressing and 
flags, features of the Texas Instruments line, overwhelmingly 
attractive. There have been a few times when I wish I had them, 
but only once while writing some fifty programs for the HP-25 
in the ten months Гуе owned one, have I been utterly blocked 
by a problem where I thought the TI program might resolve it. 
Of course, you can't be sure unless you've got them both on 
your desk. 

Another thought for anyone who'd like to buy both and 
review them for this magazine: The whole business of “stack” 
vs. "algebraic" hierarchy is probably more important than the 
nit-picking concerns I've demonstrated above. It's just that I 
hesitate to pronounce upon the subject since Гт now 
thoroughly steeped in “stack-think.” I went back to my four- 
banger Litronix the other day (a model with *parentheses") and 
it momentarily drove me crazy. But that's not fair, because I 
never quite had the hang of that system in the first place. And 
anyhow, it's not a TI. I do know that the ads do not resolve the 
issues; I don't envy the Job of a copy-writer at either HP or TI 
when they undertake to convince us of the superiority of their 
own brand while impressing upon us the “objectivity” of the 
comparison. There could probably be a small book written on 
the topic. The ad writers on both sides do a remarkable job in 
the space they allot to this; the shopper will profit from reading 
these blurbs carefully. I suspect that the only interesting way to 
explore the question of how many program steps each needs to 
work is by writing a very large set of paired programs which 
embrace many different kinds of problems, then getting out 
some averages and standard deviations on the number of steps 
involved. The study. should produce statistics in distinct 
categories of “kinds” of problems undertaken, or it will have 
little value. You can see why I haven't done it. It's just too big a 
job for the COSMEP publishing game, and where else are you 
going to "sell" a piece of writing like that? 

Finally, an even "nittier" comment, but on something I 
overlooked for a while and evidently Blodgett did too: He is 
correct in saying that ten-to-the-power function is slightly off 
at seventh-and-higher powers. But if you are scaling, the user's 
manual for the HP-25 suggests ENTER, EEX, n, times, for 
that job. This, as far as I can tell, is not off. I think that ten-to- 
the-power ought to be confined to alogs, as a matter of habit, 
so that you won't inadvertently call in a slight error if you are 
working, for example, in “f FIX 2," where the oddity does not 
"show" below seven. (If you light up at f FIX 9, you'll see it at 5 
and higher.) 

George Thompson 
2115 Luray Avenue - Apt. 2 

Cincinnati OH 45206 
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Why рау 49 
fora complete book 

оп a new 
higher level 

language 
when it’s worth more? 

SCELBAL. A Higher Level Language for 8008/8080 Systems. 

ou've heard about it. Now, 
its available to everyone. 

1 SCELBAL. SCientific ELemen- 
tary BAsic Language. A new high 
level microcomputer language for 
8008/8080 systems that's simpler 
than machine language. This com- 
plete 368 page, profusely illustrated 
book is so comprehensive you might 
not be able to use all its information 
for years. But as you and your 
system mature, this book will stay 
forever young with refreshing ideas 
and extensions of your own 
parameters. 

A Total Language, including Source Listings 

ere's everything you need. A 
He: mine of routines, 

techniques, source listings, 
flow charts and lots more. It took 
212 years to compile, evolve and 
write. Now it’s yours for years to 
come. Look at all you get! 

5 Commands: SCR, LIST, RUN, 

SAVE, LOAD. 14 Statements: REM, 
LET, IF... THE, GOTO, FOR with 
STEP, END, INPUT, PRINT, NEXT, 
GOSUB, RETURN and optional DIM. 
7 Functions: INT, SGN, ABS, SQR, 
RND, CHR, TAB. And, it runs in 8K 
and more. 

Contains Overall Logic Description Program 

he first eleven chapters, over 
: 160 pages, describe the 

statement interpretation logic 
of the program, using flow charts, 
commented symbolic assembly 
language code and verbal 
descriptions. The book also details 
SCELBAL 8008/8080 assembly, 

providing absolute code for the 
program in octal, beginning at origin 
01/000 for either version. Plus, 
you'll find painstaking operating 
instructions and even suggestions 
for tinkerers and innovators. 

Software is Our ONLY Business 

e know there's no one 
W program for every poten- 

tial user. So, particular 
care has been taken to provide a 
good, sound, fundamental selection 
of syntax statements and functions 
in this language. You get all the 
information necessary to get started 

.and to grow and expand with 
ease as you and your system 
capability evolve. The language is 
easily custom-implemented in 
virtually any 8008/8080/Z-80 based 
computer! 

Free Bonus "SCELBAL UPDATE" Included! 

ls copy of SCELBAL may be 
registered with the publisher. 
Registration assures that you'll 

receive the first 6 issues of 
"SCELBAL UPDATE” absolutely 
free. These exciting supportive 
improvements and suggestions are 
combined with user's unique 
findings and ideas. "SCELBAL 
UPDATE” is a LIVING concept. As 
you and your system grow, you can 
update at will. We’ve only scratched 
the surface. There’s more excite- 
ment to come! 

Introducing 2 New SCELBAL Supplements! 

CELBAL has taken off so fast, 
two special supplements had 
to be printed. First, there’s 

An unequalled book of solid documentation with room to grow. 

Extended Math Functions: SIN, | 
COS, LOG (BASE E), EXP (BASE E) 
апа АТМ... only $5.00 ppd. The 
second supplement, String Handling 
Capabilities, includes the numeric 
functions LEN and ASC. It sells for 
only $10 ppd. 

Don't delay. Order SCELBAL today! 

ou can own this invaluable 
Y book for only $49 ppd. You'll 

have all the data you need to 
custom-tailor a high level language 
for your system. The revealed 
secrets of its operation are virtually 
priceless. "SCELBAL — A Higher 
Level Language for 8008/8080 
Systems”. Only $49 ppd. And, ії 
includes six (6) Free "SCELBAL 
UPDATES" too. Order today! 

Here are typical comments about SCELBAL . . . 

"SCELBAL looks fantastic! My system 
isn't even on-line yet, but I’m eagerly 
looking forward to activation day." 

“Your section on statement interpretation 
taught me to understand how a high 
level language operates. | never thought 

| could do that before!" 

"['ve tailored SCELBAL software to my 
own insurance business. Now | offer 
new, expanded computerized service to 
my customers, using my own 8008." 

Ө SCERBE COMPUTER 

CONSULTING ENC. 

1322 Boston Post Road Rear 

Milford, CT 06460/(203) 874-1573 

Prices shown for North American customers. 
Master Charge, Postal and Bank Money 
Orders preferred. Personal checks delay 
shipping up to 4 weeks. Pricing, specifica- 

tions and availability subject to change 
without notice. 
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Changing/ Dates 
Dear Editor: 

It has been brought to my attention that certain days for 
particular dates in my article “Days and Dates” (November- 
December, 1976) are in error. Mr. Jerome Greene, Market- 
Math Incorporated, is correct in his computations and 
corrections that the days for questions 2, 4, and 13 should be 
corrected. | 

change the day for July 4, 1776 from 
Sunday to Thursday; 

Q4: change the day for April 14, 1865 from 
| Tuesday to Friday; and 

Q13: change the day for June 25, 2950 from 
Monday to Sunday. 

It is indeed encouraging that there are interested readers of 
Creative Computing who become so involved in the articles 
that they find the mistakes of the writers. It is more 
encouraging that the readers will, with all respect, com- 
municate their results to the writers. ; 
My sincere thanks to Mr. Jerome Greene for his corrections. 

James Reagan, Jr. 
23234 Sherman 

Oak Park, Michigan 48237 

Dear Editor: 
In the article, “Dates and Days," (November/ December ` 

1976) there were several errors. The equation for the Zeller's 
Congruencé should be given as: 

F-INT(2.6* M-0.2)*k*d* INT(D/4)* INT(C/4)-2*C)mod 7 
Another error was in the example. The absolute value marks 

indicating integer function "INT" were omitted in the first 
equation. They were later included. 

Another error was in the answers to the illustrative quiz. For 
the second date given, July 4, 1776, the correct F value is 4; for 
the fourth date given, April 14, 1865, the correct F value is 5;and - 
for the thirteenth date given, June 25, 1950, the correct F value is 
0. These values were checked against Encyclopedia Britannica 
Micropedia Volume II, page 455 in the article, “Perpetual 
Calendar.” 

It was not mentioned that the Zeller’s Congruence given is 
only valid on and after October 15, 1582 when the present 
Gregorian Calendar begins. Prior to that date, there was the 

. Julian Calendar, which is valid on and before October 4, 1582. 
Between those two dates, several days were skipped to correct 
the calendar. I would be interested in knowing if anyone has the 
Zeller’s Congruence for the Julian Calendar. 

273 South Third Avenue 

Ilion, NY 13357 

-Fortran Users Arise! 
Dear Editor: 

JA Since I run on an IBM 370 with TSO, and FORTRAN is the 
only useable time-sharing language on our system, I cannot use 
either BASIC, APL, or punched paper tape. I am therefore 
very interested in any material that might be available in 
FORTRAN on punched 80-column cards or on ! inch 
magnetic tape. If information on what programs might be 
available in this form exists I would greatly appreciate seeing it 
in some future issue of Creative Computing. 

I have running now working FORTRAN IV versions of the 
Startrek and ROCK!, translated more or less verbatim from the 
BASIC versions in “101 Basic Computer Games.” Startrek hasa 
couple of minor improvements, such as the ability to escape into 
hyperspace. 

Roger D. Deschner 
University of Chicago 
Computation Center 
5737 University Ave. 

Chicago, IL 60637 
Ed. note: Readers — can you help? 

Cover Copy By Computer 

Dear Editor: 

The cover of Creative Computing for September/ October 76 
intrigued me, to put it mildly. I was determined to do it on a 
computer - here is the result. It turned out to be quite trivial. 

The program, written in FORTRAN-IV PLUS, ran on a 
PDP 11/45 which created a plot tape, which was read by a PDP 
11/10 running a CalComp 960 plotter. 

I have a problem — the FORTRAN library exponentiation 
routine here will not take a floating negative number to a power. 
Do you or any of your readers have a suitable algorithm which 
will avoid this problem (there is no problem with fixed values, 
only floating)? 

One more comment: Creative Computing is great, keep up the 
good work. | | 

Samual Henning 
Box 1140 

Timmins Ont. 
Canada P4N 7H9 

Editor’s note. Send your algorithm to Sam and to us for 
publication. 
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Great Feets 

To the Editor: 

In response to reader Rowlands inquiry in the Nov-Dec 1976 
issue of Creative Computing, I would like to mention some 
research now being undertaken by the Personal Computing 
Group of Flakey Systems. In the Northern hemisphere we have 
found that the “head-to-head” transmission described by 
Rowlands occurs in the feet. The “gassing” described by 
Rowlands is reproduced by applying sweaty socks inside old 
sneakers and jogging. The communication is quite subtle but 
effective to human olfactory systems. The frequency depends on 
physical conditioning of the human, not upon any external 
signs. Likewise the best broadcasts occur when one is in danger 
or in competition. Our medical group finds no side effects from 
this communication. I will look forward to when our American 
feet will collectively communicate with the Australians’ heads. 

Mario DeNobili 
Central Park, NY 
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Graphics good enough 
for research... 

now is priced right for 

The 4006-1 from Tektronix: laboratory, 

time machine, testing ground .. . all 

for the price of alphanumerics. 

Words alone don't always suffice. Very 
often the subject demands a graphic 

demonstration. Tektronix’ affordable 

new 4006-1 lets you evolve to computer- 

aided Graphics demonstration right in 

the classroom. It’s the same high-reso- 

lution Graphics on-campus research 

has relied on for years. 

Unlike mere graphing terminals, the 
4006-1 offers enough information 

density to take your students into 

dynamic, 3-dimensional detail. Enough 

to let them experiment with the proper- 

ties of lethal radiation. To observe 
genetic mutations over generations. To 

test architectural structures against 

stress and strain. They can change 

parameters at will, or translate massive 

printouts into conceptual graphs. 

It's a package that assures maximum 

flexibility: our proven interfacing and 

software connect with virtually all main- 

the classroom. 
frames. Our new Interactive Graphing 

ooftware Package lets anyone graph 

with conversational ease. You get plug- 

to-plug peripheral options like the 4631 

Hard Copy Unit that serves up to four 

terminals; or the 4923 Digital Cartridge 

Tape Recorder that takes program 

storage off-line. And you get Tektronix' 

reputation for research equipment, 

educational expertise, and worldwide 

maintenance support. 

Single unit price: $2995, with generous 
quantity discounts. Ask your local 

Tektronix Sales Engineer how your 

discipline fits into the picture. Or write, 

Tektronix, Inc. 

Information Display Group 

P.O. Box 500 

Beaverton, Oregon 97077 

TEKTROND© 
С 

+U.S. Domestic price only 

OEM prices available 

Copyright © 1977, Tektronix 

All rights reserved 
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Letter From the Future 
With A Message For The Present 
Dear Editor: 
(The quotation from the Encyclopedia Galactica here 
reproduced is taken from the 117th Edition published in 1030. 
F.E. by the Encyclopedia Galactica Publishing Co., Terminus, 
with permission of the publishers.) 
A SACRED COW CALLED EFFICIENCY 

As the Second Foundation began to prosper there were some 
problems in the Galaxy. Inter-planetary transportation took 
too long and was unreliable. 

A special Council of the Speakers was held on Trantor. The 
Council decided to build a new star-travel system and hired 
Interstellar People Movers, the largest corporation in Space, to 
do the job. 
*We want a system that will allow us to go quickly and easily 

from planet to planet," the council told Interstellar. 
Interstellar dispatched armies of workers who went to work 

immediately. Only the most modern equipment was used — 
Molecular Nebulizing Phasers, Deuterium-Oxygen Space- 
warpers, Transcendental Bulk Mobilizers and more. 

At enormous cost, Interstellar produced what was hailed as 
*the most efficient transportation system in Space." 

The day after the new system was opened the Council of 
Speakers called in the Interstellar designers for a hearing. 

“Our systefh can move a person one thousand parsecs in one 
minute and has a basic cycle time of only one hundredith 
nanosecond," said the designer. 

“That’s true," said the Council, “BUT IT ONLY GOES TO 
ONE PLANET!” (It seems the system connected Trantor to a 
single planet on the Periphery, Terminus. Almost no one 
wanted to go to Terminus and even those who did had 
difficulties: to ride the new system they had to use paper cards 

. called *Jargon-card Labels." These labels had to be punched 
with cryptic messages like “/&” or “**eoj” and since users 
couldn't understand what the messages meant, they usually 
punched their cards the wrong way and spent a lot of time 
trying to find the mistakes.) 

"Suppose," asked the Council, "that we want to go to 
Chemyllas or Terra or any of the other planets in the Galaxy?" 

— - “You can't DO that on our system," said the Interstellar 
People Movers people, “but if you want to go to Terminus, our 
system is the most efficient transportation in Space." 

Moral: Efficiency without proficiency is not productive. 
J.P; Peer 

417 West Water St. 
Berne, IN 46711 

Creativity Is and Isn't 
Dear Editor: 

Your most recent issue (Nov-Dec) of Creative Computing 
urged me to sound off a bit. I really wanted to, last issue, but 
didn't, eventually. I have been aware of Creative Computing 
since its second issue, and I want you to know I believe in and 
support what you are doing. With every issue I get the distinct 
impression that “That Ahl character is trying to tell us 
something." Last month's feature on computer poetry drew me 
out, and this month's *Computers and Beauty" boiled me over. 
Something has to be said. May 1? Creativity is not a 

- computational process. 
The creative act is the act of producing something that 

wasn't there before. To produce something from nothing. And 
creativity is something we use everyday; writing a sentence on 

. paper, a new sorting algorithm, discovering a new, shorter way 
to walk home from school. Creativity is arranging words and 
notes together in a new way that expresses a feeling that 
heretofore went unsaid. Creativity produced the computer, the 
microprocessor, and Star Trek. I feel the Messers. Sasaki sadly 

 Sshortchange their own self-realization when they say “we must 
implement, more or less, the creative power to computers." 
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Please, please stop thinking creativity is merely a mathematical 
function, a process, a technique! The technique of creativity is 
no technique at all. Or, to put it another way, all techniques are 
aspects of creativity. You can no more define creativity by a 
listing of techniques than you can define "television" by a 
listing of its components. Creativity is what's left when your 
technique is defined. | 

I became so emotional by the article that maybe I missed 
their point altogether and we are actually both saying the same 
thing. I will write them too in a day or seven. Thank you for 
your ear. Here's a poem, and a survey form too. 

Lionel J. Goulet 
236 Union St. 

Millis, MA 02054 

P.S. I love the Winograd article! 

What Could You Do With 
Your Own Computer? 
If you had your own computer, you could ... 

Balance Your Checkbook 
File your Cookbooks 
Simulate Spaceflight 
Win a Dogfight 
Watch your stocks 
Eliminate your clocks 
Define words 
Classify birds 
Give first-aid 
Get better grades 
Christmas Cards 
Aren't even hard 
Daily reminders 
Antidote finders 
Inventory Parts 

_ Graphic Arts 
Newspaper type 
Conway's Life 
Command a starship 
Improve your golf grip 
Mastermind 
Nursery Rhymes 
Bookkeeping 
You've been sleeping 
If you can't find 
Inside your mind 
Something to do 
With your own Compu 

ег. 
The question “What could ...?” 
Has too many answers 
For poetic listings 
And numerical dancers 
Besides, it too easy. 
Anything could. 
Let’s tackle the tougher 
Tell me, “What would ...?” 

Altair Editor Anybody? 
Dear Editor: 

I am interested in using my Altair 8800 to produce clean 
letters and reports from text entered through a keyboard with 
editing capabilities. Is there anyone out there who has an Altair 
compatible software package that can help me? 

Ludwig Braun 
Professor of Engineering 

State University of New York 
Stony Brook, NY 11794 

Ed note: I’d like to find a package like this too for either the 
Altair 8800 or SWTPC 6800. The only one I know of currently is 
an 8080 package which appeared in Dr. Dobbs Journal in the 
June/July 1976 issue. /DHA 
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How we gota 
136-column portable into our 

80-column portable. 
* Optional APL Code. 

Our new 136-column 3000 portable terminal has the same outside dimensions as our 80-column 300 
portable. How did we do it? By completely redesigning its interior. 

Result? A terminal with everything: compactness, reliability, two switchable codes, (APL/ASCII), 

complete plotting capabilities, Y4-line spacing in both directions, and, of course, adjustable up to 136- 

column width. 
Equally remarkable, it prints 30 cps, operates over regular telephone lines (with its own acoustic 

coupler), accepts 80- or 136-column paper rolls, and has a printer with lots of visability (thanks to a 

complete facelift). 
Our new 3000. Everything you wanted in an 80-column portable. Now in a 136-column portable. 

Complete with its own self-contained carrying case. : 

Now we can offer you a choice between our durable 80-column portable with APL/ASCI! codes, or 

our new wider carriage 3000 portable. Take your pick. 

Call Charles Kaplan or Shirley Newman at (201) 261-6800 for the complete story. 

CE Si Computer Transceiver Systems, Inc., East 66 Midland Avenue, Paramus, NJ 07652. 

Tony Swanson,10471 Oakhaven Drive,Stanton,Ca. 90680 (714) 827-0281. Service from 190 locations. 



3l... editorial... editor 

Fred Hofstetter, President of the National Consortium for . 

Computer Based Musical Instruction, and a music professor 

at the University of Delaware, is the special guest editor for 

this issue of Creative Computing. His excitement about the 

possibilities of using the computer with music convinced us 

to let him share some of the accomplishments in this area 

with you, and with seemingly unlimited energy, he 

recruited not only the diverse, informative articles that 

appear on these pages, but scores of others, for which we 

just couldn't find the room to print. | asked him to describe 

the scope of these articles; this is found in his guest 

editorial. 
One unusual observation: over and over l've encountered 

a great interest in music among the same people who are 

interested in using computers innovatively. | don't know the 

reason for the connection, just that it exists. The wealth of 

information pooled here as the results of Fred's efforts 

should answer the questions many of you music lovers 

have about what you can expect from the union of 

computers to music. 

Dan Burgoon of Solid State Music recruited one article on 

hobbyist computer music for us; we'd like to run more 

articles on homebrew computer music systems in future 

issues as space permits. Send us information about what 

you re doing. 

l've done some statistical analysis of the first of the 

A surveys you sent in from the November/December issue (а 
. full report on the Surveys will appear next time), and one 

fact is evident: you look to Creative Computing for diversity! 

Hence, we've tried to provide a variety of topics in addition 

to the music features. 

— Dave Ahl and | plan to do quite a bit of traveling these next 

few months, to attend a number of conferences around the 

country. You can have even more impact in determining the 

direction of Creative by stopping by the Creative Computing 

Booth at the conference in your area, introducing yourself, 

saying "I'm a subscriber and |Ithink. ...” Look for one or both 

of us at The First West Coast Computer Faire (Booth 214) 

April 15-17 in San Francisco; ACM, Biloxi, Mississippi, 

April 18-20; National Computer Conference, June 13-16 in 

Dallas (Booth 71), The Personal Computing Fairs in 
Philadelphia on April 30-May 1, and Boston, June 18-19, 
the Trenton Fair in Trenton, N.J. of course, April 30-May 1, 

and The Atlanta Computerfest, June 18-19 in Atlanta, 

Georgia. 
| —Burchenal Green 

Musical Score Printed by a Computer at Stanford University's Artificial 
Intelligence Laboratory using Professor Leland Smith's music printing 

language. 

Guest Editorial 

Since the late 1950's, musicians have been using the 
computer to solve a variety of problems related to the 

composition, analysis, synthesis, printing, performance, 
and learning of music. Never before has a single com- 
putational device had such universal appeal to musicians. 
For this issue of Creative Computing papers have been 
invited from the most active developers of music programs. 
The first two articles concern the composition and sound- 
synthesis of music. Gary Nelson of the Oberlin Conser- 
vatory of Music describes MPL, a Music Program Library 
which contains routines for the generation and analysis of 
musical patterns. Sidney Alonso, Jon Appleton, and 
Cameron Jones of Dartmouth College describe a stand- 
alone, dedicated minicomputer which combines generative 
routines and a sound synthesizer in the same system. 

Then Thomas Whitney of The Ohio State University 
explains how encoded music can be analyzed by means of 
SLAM, a Simple Language for Analyzing Music. The goal of 
this and similar efforts is to encode a large data base of 
musical compositions, and through computer-based 
analytical techniques, to generate a comprehensive body of 
knowledge about the creation and evolution of com- 
positional styles in music. 

The most recent application of computers in music has 
been the advent of computer-based musical instruction. 

Hardware advances have made it possible for computers to 
perform, display, and ask questions about music. Efforts to 
realize the potential of computer-based musical instruction 
are being made by over one hundred developers. In my 
article | explain why musicians are so excited about 
 computer-based musical instruction. 

During the 1960's many humanists opposed the use of 
the computer for musical purposes. They feared that 
computer techniques would lead to a depersonalization of 
the arts. Looking back at what has happened in the last 
decade, one can see that the computer has actually helped 
musicians get closer to their art. In his article, humanist 
Robert Taylor of Columbia University shows that there are 
many similarities between programming computers and 
directing musical productions, and he suggests that much 
can be learned by studying these similarities. And if you 
want to get personally involved, there are a few music 

programs written in BASIC which might be fun to try. Just 
want to listen? John Selleck of the Massachusetts Institute 
of Technology has provided an annotated guide to commer- 
cially available recordings of computer music. Want more 
reading? Then turn to the reviews of books dealing with 
computer applications to music. | 

—Fred Hofstetter 
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KIT-A-MONTH 
The Altair kit-a-month plan allows you to own an Altair mainframe without 

taxing your pocketbook. Mits has made it easy for you to purchase an 8800a, 
8800b or 680b computer in monthly installments where you receive compon- 
ents with each payment. There are no financial charges because we have made 
each monthly shipment a kit in itself. This will give you time to read up on com- 
puters and/or gain knowledge from friends. 

We have set up an Altair kit-a-month payment desk to service your needs. 
When writing or calling the factory for information about your shipment or 
account, just refer to the “kit-a-month payment desk" 
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OWN YOUR 680b IN FIVE EASY PAYMENTS 

1st month 680b Manuals, Main and Display PC Boards, 
and membership in users group 

and month 680b Case and Power Supply 
3rd month Parts for 680b Display Board 

4th month Parts for 680b Main Board less Integrated 
Circuits 

5th month 680b Chips 

$93.20 plus $2.00 per month make your payments $95.20 per month and you have your complete 
kit in five easy payments. This plan gives you the full 680b with memory and I/O. The BAUDOT Option is 

still $42.00 extra and may be purchased with Time Payment #4 or #5. Remittance of $95.20 will start you 
on your way to owning your own computer. 

Alaska, Hawaii, APO and FPO customers include $3.00 per month for Air Parcel Post charges instead 
Of $2.00 for regular Parcel Post shipment. This would make your payment $96.20 per month. 

Canadian customers include $3.00 per each month for postage and handling fees. 
NOTE: This plan does not apply to foreign sales other than Canada. 

NEW ALTAIR 8800B 

Available on Time Payment Plan 

$105.00 payment per month plus $2.00 postage and handling for each kit makes an easy $107.00 
per month to own the newest of the Altair processors. 

Send in the first $107.00 payment and you will start receiving your 8800b Kit as soon as we receive your order. 

8800b Time Payment #1 8800b Manuals and Users Group Membership 
#2 EC-18 

#3 Power Supply Board & Parts 
#4 Transformer 

#5 Display Board & Parts 
#6 Case | 

#7 Main Chip, Buffer Board & Parts 

#8 CPU Board & Parts Less 8080A 

Alaska, Hawaii, APO and FPO customers please include $4.00 for shipping charges (making $109 

per month payments) for Air Parcel Post shipment. Otherwise, shipment will come Parcel Post, not insured. 

Canadian customers must accept month #6 Emery Airfreight Collect. All other months must include 

$4.00 postage and handling making monthly payments of $109.00. 
ж 

$79.00 / Month 
ALTAIR 8800A TIME PAYMENT PLAN 

8800A Time Payment #1 8800A Manuals and Users Group Membership 
#2 EC-18, PC Board and Hardware 
#3 8800A Power Supply Kit 

#4 8800A Case 

#5 CPU PC Board and Bag of Parts less the 
main chip 

#6 Main Processor Chip 

#7 Display Control Board and Parts 

The price of the Altair 8800A mainframe is $539.00. Seven easy payments plus $2.00 per month for 
postage and handling charges make this plan equal $79.00 per month. Upon receipt of your first $79.00 
payment you are on your way to owning your own 8080A basic computer system. A list of available com- 
patible peripherals is enclosed to let you plan your system as you learn about your microprocessor. By 
8800A Time Payment #7 you're ready to go. 

Alaska, Hawaii, APO and FPO customers please include $4.00 for shipping charges (making $81 
per month payments) for Air Parcel Post shipment. Otherwise, shipment will come Parcel Post, not insured. 

Canadian customers must accept month #4 Emery Airfreight Collect. All other months must include 
$4.00 postage and handling making monthly payments of $81.00. 



KIT-A-MONTH 
ORDERING INSTRUCTIONS 

Feel free to contact your local Altair dealer (as listed on CREATIVE COMPUTING's back 

cover) for ordering details. If there is no Altair dealership in your area yet, follow the 

steps below to expedite Kit-A-Month orders that are placed directly with the factory. 

1. Send all payments other than BankAmericard or Master Charge in the 

form of a cashier’s check or money order. Personal checks are acceptable, but 

clearance time will delay your order by 2-3 weeks. 

2. The kit-a-month plan has been set up to proceed in order and we cannot 
deviate from that order. You can help us by noting with your payment what 

month you are on. | 

3. When calling or sending in orders, refer to your customer name on 

the original order and also your Mits order number. 
4. If you change your address, keep your name as it is on the original 

order to keep records straight. 
D. Please note special instructions for Alaska, Hawaii, APO, FPO and 

Canadian customers. If these are not followed, it could result in delays in proc- 

essing your order. 
6. The Kit-a-Month desk has been set up to help expedite your orders 

because of the overwhelming response we've had with previous time payment 
plans. Please feel free to use this service whenever you have questions. When 

writing letters to Mits, simply note "Kit-a-Month desk" on the outside of the 
А envelope. 

NOTE: Once you start the Kit-a-Month plan you are guaranteed the existing 
price at the time of your first order. You will not be affected by price increases. 

Prices, specifications, and delivery subject to change. 

4 Enclosed is my payment of. | 1. | .. for the first shipment of my Altair | 
| kit-a-month. | 

Master Charge т - ——— — — : Or BankAmerncard у er 
| Altair 680b[ ] | Altair 8800a[ ] О Altair 88006 | 
| 
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COMPLEART | 
COMPUTER 
CATALOGUE 
We welcome entries from readers for 

the “Compleat Computer Catalogue” on 
any item related, even distantly, to 
computers. Please include the name of 
the item, a brief evaluative description, 
price, and complete source data. If it is an 
item you obtained over one year ago, 
please check with the source to make sure 
it is still available at the quoted price. 

Send contributions to “Тһе Compleat 
Computer Catalogue,’ Creative Comput- 
ing, P.O. Box 789-M, Morristown, NJ 
07960. 

BOOKS AND 
BOOKLETS 

COMPUTER MUSIC 
JOURNAL 

Devoted to the development of computer 
systems capable of producing high fidelity 
music, this new journal will cover such 
topics as: computer composition of music; 
design of real time playing instruments; real 
time input controllers such as Keyboards, 
joysticks, and new controllers, homebrew 
computer music instruments. 

The first issue of the journal will be about 
50 pages in length, and will increase in size 
and scope as interest dictates. The first issue 
should be out by now. Bimonthly $14. 

Computer Music Journal, PCC, Box 310, 
Menlo Park, CA 94025. 

INTO EVERY LIFE A 
LITTLE RAIN MUST FALL 
And if the rain is Rain magazine, consider 

yourself fortunate indeed. Rain is a lively 
publication which has for a subtitle “The 
Journal of Appropriate Technology.” It runs 
about 24 pages per issue and carries mainly 
resource notes (similar to the Catalogue 
section of Creative) on a wide variety of 
subjects such as agriculture, architecture, 
education, energy, tools, health, soft 
technology, communications, food and 
nutrition, yes, and even computers. Rain 
started off with a bias toward the Pacific 
Northwest but today covers all of North 
America quite well. Annual subscription of 
12 issues $10. “Living lightly” subscription 
rate is $5 (“living lightly” means you really 
can’t afford $10). Sample issue $1. 

RAIN, 2270 N.W. Irving, Portland, OR 
97210. (503) 227-5110. 

MAR/APR 1977 | 

CRYPTOLOGIA JOURNAL 
CRYPTOLOGIA, a journal devoted to all 

aspects of cryptology, will be published four 
times a year and will contain research 
papers, survey articles, personal accounts, 
reviews, educational notes, and problems. 
Some of the areas which will be discussed are 
mathematical, computational, literary, 
historical, political, military, mechanical 
and archeological aspects of cryptology. 
Editors are: Cipher A. Deavours, Depart- 
ment of Mathematics, Kean College; David 
Kahn, Department of Journalism, New 
York University; and Brian J. Winkel, 
Department of Mathematics, Albion 
College. Quarterly, $16/ year. 
CRYPTOLOGIA, Albion College, Al- 

bion, Michigan 49224. | 

From: Puttern Processing: А Further Rationalization of Sight 

by Thorne Shipley, Leonardo, Vol. 8, 1, pp. 27-39, 1975 

LEONARDO 
Leonardo is a quarterly professional 

archival journal for artists, art teachers, and 
others interested in the contemporary visual 
or plastic fine arts particularly as related to 
science and technology. Illustrated articles 
by artists are carried covering virtually all 
techniques, content, and mediums. Even 
computers! ; 

Leonardo also contains articles on 
developments in the other arts, on new 
materials and techniques, and on subects in 
aesthetics, architecture, education, the 
natural and social sciences, and technology. 
Extensive reviews section. 

Subscriptions for institutions $55 per 
year, for individuals $15. 

Pergamon Press, Maxwell House, Fair- 
view Park, Elmsford, NY 10523. 

The publisher writes that illustrated 
manuscripts are being sought on all aspects 
of computers in art. For information on 
submittal requirements, write Dr. Frank 
Malina, Editor, Leonardo, 17 rue Emile 
Dunois, 92100 Boulogne sur Seine, France. 
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UNEARTHLY WONDERS 
UNEARTH is a new science fiction 

magazine devoted to publishing stories from 
new writers. It: runs the entire gamut — 
speculations, fantasy, horror, computers, . 
robots, etc. UNEARTH also includes book 
and movie reviews, a science column by Hal 
Clement, and a special feature from con- 
tributing editor Harlan Ellison (in issue #1 - 
this was  Harlan's very first story, 
“Glowworm”). UNEARTH is also seeking 
stories and artwork. Published quarterly, 
$3.50 per year. Sample copy $1.00. : 
UNEARTH, Suite 190, 102 Charles St., 

Boston, MA 02114. 

BOOKS AND 
BOOKLETS 

CATALOG OF THE FUTURE 
A huge 40-page tabloid catalog of books, 

magazines, learning materials, games, and 
cassettes is now available from the World 
Future Society. Catalog lists books by major 
and  not-so-major publishers. There's 
something for everyone here — topics 
include computers, business/ industry, com- 
munications, education, environment, 
forecasting, simulation/gaming, systems 
design, and many more. A worthwhile 
catalog and the price is right — free. 

World Future Society, 4916 St. Elmo 
Ave., Washington, DC 20014. 

COMPUTER-RELATED CRIME 
Six new reports on computer abuse, 

system vulnerabilities, applicability of 
Federal and state penal laws, proprietary 
rights in software, and privacy law effects are 
available from the SRI Project on Computer 
Abuse headed by Donn B. Parker. An- 
nouncement of reports available and order 
form are available from Allison Brandt, 
Report Production, Bldg 300 В5, SRI. 
Donn Parker is also interested in informa- 

tion about specific computer-related crimes 
and other abuse (vandalism, property theft 
or fraud, financial theft or fraud, un- 
authorized use of services, etc.). Write him at 
SRI or call (415) 326-6200 X2378. 

Stanford Research Institute, 333 
Ravenswood Ave., Menlo Park, CA 94025. 



UNITED STATES POPULATION DENSITIES, 1970 

Viewed from Southeast 

blank = less than 2 регѕопѕ/ $9. ті. 

1970 Census of Population (by county) 

- LOST? DRAW А MAP 
The Laboratory for Computer Graphics 

and Spatial Analysis within the Graduate 
School of Design at Harvard University has 
just released a new edition of LAB-LOG, its 
catalog of computer programs, data bases 
and publications. Research at the 
Laboratory is principally concerned with the 
analysis and graphic display of geographic 
data used in the planning process. LAB- 
LOG describes various products which have 
resulted from this work and which are 
currently available for distribution to uni- 
versities, government agencies and private 
organizations. 
LAB-LOG includes a description of six 

different computer programs for use in the 
graphical display of spatial data via a line 
printer, line plotter and cathode ray tubes. 
The programs are written for IBM 370 series 
computers and range in cost from $575 to 
$1200. A wide variety of cartographic (x-y 
coordinate) data bases are also described. 
Publications are available on the subjects of 
automated cartography, theoretical car- 
tography and theoretical - geography. 
Publications cost from $1.00 to $12.00. 
LAB-LOG also contains a brief description 
of the Laboratory's history, research direc- 
tions and operating policies. Copies of LAB- 
LOG $1.00 prepaid. 

The Laboratory for Computer Graphics 
and Spatial Analysis, 520 Gund Hall - 

Harvard University, 48 Quincy Street, 
Cambridge, MA 02138. 

MACHINE TALK 
A brief look into the world of data | 

communications is presented in this booklet. 
Explains in a simple way machine to 
machine and machine to people communica- 
tion. Illustrates various types of data 
communications such as transmission of. 

_ electrocardiograms and telephone to com- 
puter links. Free from your local Bell 
Telephone Co. Business Office. 

TRANSISTOR AGE 
. This little booklet gives a very comprehen- 
sive explanation of the transistor and its 
tremendous impact on society. Describes the 
research leading to its invention, its opera- 
tion, its applications and contributions to 
science and engineering. Free from your. 
local Bell Telephone Co. Business Office. 

ATSU 

The Association of Time-Sharing Users is 
a professional organization whose purposes 
are to supply current information to time- 
sharing users, to provide information about 
the various products and services offered by 
remote computing suppliers. to provide a 
forum for discussion of topics pertaining to 
remote computing and interactive time- 
sharing. It provides four publications: a 
newsletter, a Press Review, "Interactive 
Computing," and "Interactive Computing 
Directories." Membership $20. 

Hillel Segal, President, ATSU, 75 
Manhattan Drive, Boulder, Colorado 80302 

DIGITAL COMPUTER 
PLOTTING 
. This 64-page book by Franklyn K. Brown 
IS a very nice introduction to the program- 
ming and use of a digital incremental plotter. 
АП of the routines and programs in the book 
are for batch Fortran IV (CDC Cyber 72) 
and rotating drum plotter (Calcomp 565). 
The principles presented are explained in 
ample detail with lots of examples and 
diagrams. The author covers basic point-to- 
point plotting, symbols, scaling, axes, 
curved surface plots, dimensioning, and 
sample applications. Naturally if you have a 
flat bed plotter or a language other than 
Fortran, you'll have to make mental conver- 
sions to use this book, nevertheless the basic 
principles are still sound. 

Franklyn K. Brown, Room 203 GR, 
College of Engineering, Northeastern Un- 
iversity, Boston, MA 02115. 

NCC PROCEEDINGS 
The Proceedings of the 1976 National 

Computer Conference are now available 
from AFIPS Press. The 1082-page hard- 
cover publication contains 136 papers in the 
following areas: Computers and People — 
computer privacy, computer security, com- 
puter abuse, computer cryptography, EFTS, 
education and training, computer graphics, 
computers and the physically handicapped, 
public access to computers, medicine and 
health care, criminal justice systems, and 
computers in architecture; Systems 
computer system design, microprocessors, 
minicomputers, computer system manage- 
ment and planning, computer system perfor- 
mance and evaluation, computer network- 
ing in the U.S. and Europe, word processing 
and office automation, computer-assisted 
manufacturing, and computer-controlled 
publication; Science and Technology — 
computer architecture, multiprocessor 
systems, data base systems, large-scale 
networks, programming languages, 
mathematical programming, software 
design and engineering, and artificial in- 
telligence. $50 each (50% discount to 
members of AFIPS Constituent Societies). 
AFIPS Press, 210 Summit Ave., Mont- 

vale, NJ 07645. (201) 391-9810. 
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SURE THINGS: DEATH, TAXES, 
AND LAWYERS | 

Are you associated with a data processing 
facility that keeps any kind of records on 
individuals? Are you developing or using 
proprietary software? Do you collect any 
kind of Federal, state, or local taxes? If you 
can answer *yes" to any of the above 
questions, then you probably should take a 
look at Computer Law and Tax Report 
edited by Robert Bigelow. This is a monthly 
6-page newsletter that covers legal and tax 
matters related to data processing. It's 
expensive but it packs a wallop. Take a look 
at a sample copy before you subscribe. 1- 
Year subscription $48.00. 

Warren, Gorham & Lamont, 210 South 
Street, Boston, MA 02111. 

ORGANIZATIONS 

NATIONAL CONSORTIUM 
FOR COMPUTER - BASED 
MUSICAL INSTRUCTION 

The NCCBMI provides a Forum for the 
exchange of ideas among developers and 
users of computer-based systems for musical 
instruction, establishes and maintains a 
library of music courseware, reduces redun- 
dant effort among courseware and hardware 
developers, and provides consultation for 
new users of computer-based musical in- 
struction. It meets semi-annually, and held 
its last meeting Feb. 22-25 at the Hotel 
duPont, Wilmington, Delaware. 

Contact Fred T. Hofstetter, NCCBMI, 
Music Department, University of Delaware, 
Newark, Delaware 19711. 

INTERNATIONAL CONF. 
ON COMPUTER MUSIC 

Annual meetings are held for members to 
present papers, attend discussions, give 
demonstrations and concerts of computer 
generated music. To date the meetings were 
at Michigan State University in 1974, at the 
University of Illinois in 1975, and at MIT in 
1976. 

Contact Barry Vercoe, ICCM, Room 26 
— 313, MIT, Cambridge, MA 02139. 

INVITE AN ACM SPEAKER 
TO YOUR HOME 

The ACM audio library contains over 180 
speakers on 49 cassettes from four ACM 
Annual Conferences, including the A.M. 
Turing Award Lectures, from 1972 through. 
1975. The cassettes are professionally edited 
and transcribed onto high-quality, low cost 
audio cassettes. Free catalog. 

Information Cassettes, Dept. ACM, 645 
N. Michigan Ave., Chicago, IL 60611. (312) 
944-2120. 

CREATIVE COMPUTING 



|». BASIC 
The handle for the tool. 

A microcomputer without software is a tool 

without a handle. PolyMorphic systems BASIC 
is the handle on the POLY 88; this provides the 

: interface between user and computer. Our 

BASIC fits the POLY 88 like a finely balanced 

handle fits a quality tool. PolyMorphic Systems 

Basic is an extremely efficient way to program. 

It makes possible the immediate use of the 

POLY 88 for a wide range of engineering, 
scientific and general problem solving. In 

conjunction with either System 7 or System 16 
PolyMorphic Systems BASIC is the reliable and 

ready to go microcomputer tool on the market. 

No more waiting for the long-promised 

software system. Among our best BASIC 

features: graphic plotting function, tape save 

and dump with named files, time function, and 

self-explanatory error messages. We believe 

the best tool — the POLY 88 — must have the 

best handle: PolyMorphic Systems BASIC. 
W 

460 Ward Ог Santa Barbara. CA 93111 (805) 967-2351 

PolyMorphic 
Systems 

Polymorphic Systems 11K BASIC 

Size: 11K bytes. 
Scientific Functions: Sine, cosine, log, exponential, square root, 
random number, x to the y power. 
Formatted Output е Multi-line Function Definition ө String 
Manipulation and String Functions * Real-Time Clock e Point- 
Plotting on Video Display e Arraysof upto 7 Dimensions * Cassette 
Save and Load of Named Programs è Multiple Statements per Line e 
Renumber ө Memory Load and Store e 8080 Input and Output 
If Then Else 
Commands: RUN, LIST, SCR, CLEAR, REN, CONT, LINE, NULL 

Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT, 
STOP, END, REM, READ, DATA, RESTORE, INPUT, GOSUB, 
RETURN, PRINT, FILL, OUT. 

Built in Functions: FREE, ABS, SGN, INT, LEN, CHR$, VAL, STR$, 
ASC, SIN, COS, RND, LOG, TIME, WAIT, EXP, SORT, CALL, 
EXAM, INP, PLOT. y 

Systems Available. The POLY 88 is available in either the kit or 
assembled form. It is suggested that kits be attempted only by 
persons familiar with digital circuitry. The following is a list of the 
systems available. 

System 1: is a kit and consists of the Poly 88 chassis, CPU and 
video circuit cards only. Requires keyboard and TV monitor for 
operation. $595. 

System 2: Consists of System 1 with the addition of the cassette 
interface circuitry-requires cassette recorder. $690. 

System 3: System 2 with 8K memory card, BASIC and assembler 
cassette tapes. $990. 

System 4: Alsoa kit, but containing in addition to System 3a 
keyboard, cassette deck and TV monitor. $1350. 

System 7: Consists of an assembled and tested POLY 88 with 8K of 
memory, keyboard, TV monitor, cassette recorder, 8K BASIC and 
Assembler cassette tapes. $1750. 

System 16: Consists of an assembled and tested POLY 88 with 16K 
of memory, keyboard, TV monitor, cassette recorder, 11K BASIC 
and Assembler cassette tapes. $1995. 



COMPUTERS 

MULTITASK, 
REAL TIME MEGAMINI 

= The top of the line Nova 3/D computer 
uses 32K-word MOS memory modules and 
features a Memory Mapping and Protection 
Unit (MM PU) that allows concurrent batch 
and timesharing. The system supports 
Fortran IV with real-time extensions, multi- 

- user extended Basic and Algol. This 16-bit 
"megamini" supports up to 128K words of 
memory and the complete line of Nova 
printers, terminals, discs, tape drives and 
other peripherals. 

. This system in medium or larger con- 
figurations should be of interest to schools 
for concurrent instructional timesharing and 
administrative (or instructional) batch. A 
medium-scale system with 48K memory, 10 
megabyte disc and two hard copy terminals 
would cost around $37,000. A typical large- 
scale configuration with 96K memory, two 
10 megabyte discs, 75 ips tape drive, 300 lpm 

printer, two HS hard copy terminals, and 4 
CRT terminals would run about $87,000. 
Extensive literature available free. 

Data General Corp., Route 9, Southboro, 
- MA 01772. (617) 485-9100 X2556. 

WINTEK REDUCES MICRO 
PRICE 50% TO $149, 
ANNOUNCES FANTOM-11 

.. Wide customer acceptance of its WINCE 
MICRO MODULES hasallowed WINTEK 
Corporation to halve the price on its single 
card microcomputer. The price was reduced 
from $298 to $149 for the minimum 
configuration WINCE CONTROL 
MODULE consisting of a 6800 MPU, clock 
and baud rate generator, IK ROM with 
FANTOM-11, 128 byte RAM, and АСТА 
(UART serial I/O) or PIA (16 TTL lines 
parallel 1/ О). The price for the maximum 

configuration module consisting of 6800 
MPU, clock and baud rate generator, IK 
ROM with FANTOM-11, 512 byte RAM, 
ACIA (UART serial I/O) and 2 PIA's (32 
TTL lines parallel I/O) was reduced from 
$398 to $199. AII WINCE modules (control, 
RAM, ROM, EROM programmer, A/D, 
etc.) are on industry standard 4^" x 61^" inch 
printed circuit boards. 

FANTOM-11 is a new ІК monitor/debug 
program that allows single step execution of 
user programs, insertion and deletion of 
break points, and set up of interrupt vectors. 
It also allows the user to load memory, 
examine and/or change memory, print 
and/or punch memory, display MPU 
registers, go to user's programs, and reset. 

WINTEX Corp, 902. N. 9th St. 
Lafayette, Ind. 47904. (317) 742-6802. 

A COMPLETE 8-COLOR 
INTELLIGENT CRT 
TERMINAL KIT 

Up until late last year, you may have seen 
an eye-catching ad for the Intecolor 8001 kit, 
“а complete 8-color intelligent CRT terminal 
kit," for $1395. Some who saw the ad 
considered the 8001 too expensive. Others, 
who read the specs a little more closely, felt , 
the price was within reason. For $1395, you | | 
got an 8080 MPU, 25-line by 8-character 
display, 4k RAM, PROM firmware, 19-inch 
color CRT, RS-232 I/O, selectable speeds to 
9600 baud, ASCII set, keyboard, and bell. 

There’s a new ad now, which says “It’s an 
intelligent terminal for $1395. Or your 
personal computer for an additional $1295.” 
The total price for the personal computer 
isn’t given, perhaps on the theory that 
putting the $2690 amount in print might 
scare away even the aficionados. For the 
extra $1295 you get BASIC on ROM, 
additional 8k RAM workspace, in- 
sert/delete, background color, lower-case 
ASCII characters, roll, 48 lines instead of 25, 
2X character height, “апа a graphics mode 
with 160X 192 elements." 

Intelligent Systems was marketing the 
$1395 intelligent terminal kit to hobbyists, 
and an assembled unit to OEMs (original 
equipment manufacturers) and commercial 
users for $1995 ($1776 during a limited 
period, one to a customer). The assembled 
8001 will still be available to OEMs, but the 
future of the $1395 kit is uncertain, and there 
is talk of phasing out both Intecolor kits. The 
hobby market has been just too difficult to 
support; there are too many phone calls, and 
many “screwed up” 8001 cards are sent in by 
hobbyists who can’t get the terminal to work. 
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Starting last December, for $2995, a 
subsidiary company, Compucolor Corp., 
provides a similar terminal, assembled, also 
with BASIC and 19-inch screen, but sold 
only through computer stores. The Com- 
pucolor 8001 features an optional, separate 
“floppy tape memory,” which turns out to be 
an 8-track audio cartridge, with a con- 
tinuous loop, and single and dual drives. The 
shortest tape is 36 inches long, providing 16k 
bytes of storage, and a maximum retrieval 
time of 5 seconds. For more storage, use a 
longer tape. There may possibly be a 
Compucolor 8001 kit, at around $2495. 

A cartridge library is in the works, to 
eventually include graphics, computations, 
check-book balancing, education instruc- 
tion and tutoring, and computer games, 
including Star Trek. 

For current information on these units, 
contact Intelligent Systems Corp., 5965 
Peachtree Corners East, Norcross, GA 
30071, (404) 449-5961. - 

TERMINALS 

PORTABLE COMPUTER 
TERMINAL WITH ASCII 
AND APL 
A new lightweight, dual code Execuport 

portable terminal that can be carried 
anywhere in an attache-type case is now 
available. The new Execuport 3000 Series 
terminals provide both ASCII or APL code 
operation and a graphic display of printed 
data based on their ability to print with a 
resolution of 240 (24 vertical by 10 horizon- 
tal) points per square inch. This unique 
graphic printing capability is made possible 
by the simultaneous movement of the print 
head and paper positioning. 

Desk-top weight of the lightest model in 
the new series is only 22 lb. 8 oz. making it 
completely portable. A built-in acoustic 
coupler that accepts an ordinary telephone 
handset makes it possible for the terminal to 
communicate with a remote computer from 
any location with telephone service. It 
accepts 80 - or 136 - column paper rolls in 100 
or 180 foot lengths. 

Out of paper alarm, Bell decoder, 20 MIL 
TTY Loop, and many other options are 
available. The Model 3000 is completely 

CREATIVE COMPUTING 



compatible with paper tape and magnetic 
tape memory units, most other peripheral 
equipment and all major minicomputers. 
The Execuport 3000 can be interfaced witha 
full array of peripherals by means of RS-232 
connections at the rear of the unit. Price 
$3,500 and up; 74% educational discount. 
Computer Transceiver Systems, Inc., East 
66 Midland Avenue, Paramus, N.J. 07652 
(201) 261-6800. 

INTERACTIVE INTELLIGENT 
TERMINALS AND MORE 
CDC recently announced five new entries 

in the interactive terminal arena. The 751-10 
display terminal is a sophisticated unit 
controlled by an Intel 8080 microprocessor. 
It displays 128 ASCII characters (I didn't 
know there were that many) and 33 control 
codes. The keyboard detaches from the 
display to provide configuration flexibility. 
Half- or full-duplex operation from 110 to 
9600 baud. The MPU permits a variety of 
transmission protocols. $3150 purchase, 
$93/ month lease. 

The 753-10 non-impact printer is a 
tabletop unit for use with the 751-10 display. 
The MPU controls the printer. Speed is 30 
cps, 8Q-column lines. $2540 purchase, 
$74/ month lease. 

A higher speed (180 cps), multi-form (up 
to 5-part), any size (4-16.75") printer is now 
available. A full-line (132-character) buffer 
and a 1000-character buffer for shorter 
bursts of data are built-in. $4370 purchase, 
$126/ month lease. 

A single and dual cassette drive were also 
announced that operate at 7! ips and store 
288K and 576K characters respectively. 
$2200 and $2520 purchase, $70/$79 per 
month lease. 

Control Data Corp, P.O. Box О, 
Minneapolis, MN. 

PERIPHERALS 

DIGITAL FREQUENCY 
MULTIPLIER 

The TDL Electronics’ 700 Digital Fre- 
quency Multiplier was originally developed 
to add polyphonic capability to monophonic 
music synthesizers but has numerous other 
uses. А rear panel connector providesa TTL 
interface so that the computer, not the front 
panel toggle switches, supplies the multiply 
and divide numbers. 

The ‘700’ multiplies the frequency of an 
input signal by the ratio A to B and provides 
fractional ratios. $769. 

Ron Tipton, TDL Electronics, Route 7, 
Fayetteville, Arkansas, 72701. (501) 643- 
2191. 
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Complete Bugbook® library. 
Now only $43.95* including the new BRS-1 on the 555 Timer. 

In a world crawling with bugs, it's 
good to have the Bugbooks by 
your side. Good to have just five 
books dedicated solely to teach- 
ing you digital electronics . . . 
from ground zero on up. From 
fundamental logic and memory 
experiments to interfacing with 
microprocessors. The Bugbooks 
are E&L Instruments' pioneering 
approach to mastering today's 
pulse-quick world of micro-elec- 
tronics. With an approach that's 
simple and straightforward. Clear. 
Complete. Well-illustrated. Andas 
fresh as tomorrow's circuit de- 
sign. In all, some 1500 pages. 
They're the Bugbooks. Don't ven- 

ture a step farther into the world 
of digital electronics without them. 
Because the place is crawling 
with bugs. -7 

E&L's complete library of Bug- 
books is now available through 
local computer stores. These 
stores also carry E&L's full line 
of breadboarding and microcom- 
puter equipment. Stop in today 
... and start going bugs. 

= 

Dealer inquiries invited. 
*Suggested resale price U.S.A. 

D E&LINSTRUMENTS, INC. 
61 First Street, Derby, Ct. 06418 

(203) 735-8774 

WRITE YOUR OWN SYMPHONY 
How would you like a machine into which 

you could tap out a short Bach Invention, 
and then play it back—Forwards or 
backwards? Or speeded up or slowed down? 
Or even “upside down,” 1.e., with the time 
intervals reversed? How about in a different 
key? Even if you’re not a good pianist you 
can tap out a one-finger melody and add a 
generated rhythm accompaniment and, zap, 
you've got a finished composition. Or if 
you're more into special effects you can 
generate bomb blasts, ocean waves, sirens, 
or trains complete with whistles. Would you 
then like to see all your aural fireworks 
translated into visual patterns on a TV set? 
No problem — it’s all part of the system. 

Alfred Mayer, inventor of the Performer 
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Synthesizer thinks the main value of this 
type of device is for teaching music. “Kids 
today don’t want to spend hours learning. 
They want to make music right away and this 
lets them play around with real stuff right 
away. And learn!” He says that his device 
"reduces music to logic. It gets away from the _ 
fingers, the physical. And the physical is why 
more people don’t play music.” 

The main elements of the system are the 
Ionic “Performer” synthesizer and 
modulator ($1295), Digionic sequencer, 
actually a computer in diguise ($999), and 
optional Ionicamera and TV display ($395). 
A wide range of other peripherals are also 
available. Catalog free. 

Alfred Mayer, Ionic Industries Inc., 128 
James St., Morristown, NJ 07960. (201) 539- 
1040. 



MISC. 
HARDWARE 

. 4K STATIC MEMORY 
Cromemco’s unique new RAM card is 

expandable to 8 banks of 64K each or a half 
megabyte of memory. The new memory 
operates at 4 MHz (to match the industry's 
fastest CPU card, the Cromemco Z-80 card). 
In addition, the new RAM card has the 
unique feature of bank select. This con- 
venience for those who need more than 64K 
of memory makes it feasible to expand to a 
half megabyte of memory. : 

= The fast 4 MHz speed of the new 
Cromemco 4KZ RAM card is achieved by 
using an address anticipation strategy. 
Addresses are applied to the memory chips 
before address information appears on the 
address bus. In this arrangement on-board 
address counters are incremented at the end 

- of each machine cycle in preparation for the 
subsequent cycle. The result is that proven 
and reliable 21L02 low-power memory chips 
can be used at 4MHz. A wait state is 
automatically inserted only when two 

consecutive addresses are not sequential. 
The RAM does, of course, also give ultra- 

reliable operation at 2 MHz clock rates with 
. no wait states whatever. $195 Kit, $295 
assembled. 

Joe McCrate, Cromemco, Inc., 2432 
Charleston Road, Mountain View, Ca 
94043, (415) 964-7400. 

ANALYZER AIDS IN 
DIAGNOSING 6800 
MICROPROCESSOR SYSTEMS 
А new low-cost analyzer designed to 

develop and debug microcomputer systems 
built around the Motorola 6800 micro- 
processor is a product of AQ Systems. The 
instrument can display all address, data and 
status information and permits direct user 
interaction with memory and all registers 
including the program counter. 

Ihe Model AQ6800 Microprocessor 
System Analyzer is especially effective as a 
design aid in converting breadboard circuits 

to prototypes, and for the easy evaluation 
and fault analysis of microprocessor-based 
products in production. The addition of a 
buffered clip-on probe converts the analyzer 
into a portable production test or field 
maintenance instrument. The connection to 
the system being analyzed is easily ac- 
complished with a buffer isolated probe 
terminated with a 40-pin clip that attaches 
directly to the microprocessor chip. $875. 

E&L Instruments, Inc., 61 First Street, 
Derby, Conn. 06418. (203) 735-8774. 

PROTOTYPE BOARD 
The Tarbell Electronics Model 1010 

Prototype Board for the ALTAIR* and 
IMSAI accepts up to 33 14-pin IC's, or a 
mixture of 40-pin, 24-pin, 18-pin, 16-pin, 
and 14-pin IC's. It is mainly oriented toward 
soldering point to point, but wire-wrap may 
also be used. There are three rows for IC's. 
The IC's or sockets are inserted from the top, 
then wires are soldered to the adjacent tabs. 
The tabs are such that even with 40-pin IC's, 
there are still two holes left over on each pin 
for wires. A place for a 5-volt regulator is 
also provided. Edge pins are gold-plated. 
$28. | | 

Donald E. Tarbell, Tarbell Electronics, 
144 Miraleste Drive £106, Miraleste, CA 
90732. (213) 538-4251. 

CAN YOUR COMPUTER 
TELL TIME? 

This hardware real time clock allows your 
computer to keep track ofthe time of day for 
control, timer, and game applications. This 
compact board contains a crystal oscillator 
which provides a 60 Hz. signal to a clock chip 
which, on command from your CPU, 
returns the digits representing the time of 
day in the form HHMMSS. Requires *5 and 
+12 volts. This versatile peripheral can be 
used with practically any microcomputer, 
even a 4040! $39.95 wired and tested plus 75c 
postage. 
TED, P.O. Box 4122, Madison, WI 53711. 
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FAST CPU CARD 
Cromemco has introduced an important 

new CPU card based on the new Z-80 
microprocessor. The new card is by far the 
fastest known to be available. It uses a 
selected version of the Z-80, a version having 
a clock rate of 4 MHz (which is twice as fast 
as those using previous microprocessors). 

Cromemco’s new CPU card is designed as 
an easy way for the user to apply the Z-80 
chip to his circuitry or system. For example, 
the card is plug-compatible with existing 
microcomputers. Further, it uses the 
industry-standard *S-100" computer bus 
which is supported by more than a dozen 
manufacturers. 

Thecrystal-controlled 4 MHz clock rate of 
the new CPU card gives the user twice the 
throughput available with former cards but 
has also been designed to be compatible with 
2 M Hz systems and has a switch-selectable 2- 
or 4-MHz clock rate. It has the ability to 
jump to any 4K boundary in memory upon 
power turn-on. The new card has also been 
designed to operate with slower memory or 
‘I/O devices even when using the 4 MHz 
clock rate. This has been achieved by 
incorporating jumper-wire-selectable wait 
states in the card design. | 

Cromemco also has a broad line of 
peripherals that can be used with the new 
card. The peripherals include an 8K PROM 
card that has its own programmer, a BASIC 
firmware module, high-speed 4K and 16K 
RAMs, a fast 7-channel digital-to-analog 
I/O, a joystick console with speaker and 
amplifier, a color graphics interface, and 
others. It is supplied with a powerful Z-80 
monitor, complete documentation, source 
code, and paper tape object code. A Z-80 
assembler and BASIC interpreter are also 
available. $295 in kit form or $395 
assembled. Delivery is 15-30 days. 

Mr. Joe McCrate, Cromemco, 2432 
Charleston Rd., Mountain View, Ca 94043, 
(415) 964-7400. 

CREATIVE COMPUTING 



SOFTWARE 

PROGRAM LIBRARIES FOR 
TI SR-52 CALCULATOR 
Two free program libraries with a 

suggested retail of $59.90 will be available to 
purchasers of the Texas Instruments SR-52 
magnetic card programmable calculator 
between January 20 — March 31, 1977. 

Purchasers who take advantage of the 
offer will have their choice of two prerecord- 
ed libraries covering mathematics, statistics, 
finance or electrical engineering. Those 
libraries have a suggested retail of $29.95 
each. 

During the first quarter of 1977, TI will re- 
institute a program initiated last fall offering 
a $10 rebate to purchasers of the SR-56 key 
programmable calculator. 

Texas Instruments, Calculator Products 
Div., P.O. Box 5012, Dallas, TX 75222. 
(214) 238-2011. 

8080 EDITOR, 
ASSEMBLER, DEBUGGER 

Tychon offers 3 software packages for 
8080 users. The Symbolic Editor (nickname 
TED) is used to create and modify symbolic 
(source) statements and to transfer them to 
and from paper tape using a Teletype. TED 
requires 1600 memory locations and 120 
words of scratchpad. Additional memory is 
used for user text. 

The Assembler (TAS) converts source 
programs produced by TED toa binary tape 
and Teletype listing. TAS can assemble from 
either paper tape or the text buffer in 
memory. TAS is a 2-pass assembler that 
requires 2.6K memory for source code, data, 
and scratchpad. To use TED and TAS your 
system should have at least 4K memory and 
a TTY with paper tape reader and punch. 

The Debugger (D-BUG) allows a program 
to be executed starting at any address, inserts 
breakpoints at which time the value of all 
registers and pointers are typed out, allows 
altering of one or more memory locations, 
and permits single-step operation. 
TED and TAS tapes, $25, listings $40. D- 

BUG tape $10, listing $40. Documentation 
packets alone (for everything) $5. Informa- 
tion free. | 

Tychon Inc., P.O. Box 242, Blacksburg, 
VA 24060. (703) 951-9030. 

MICROCHESS 
Microchess is a chess playing program 

written for the Kim-1 6502 microprocessor 
system. All moves are entered and displayed 
via the Kim Keyboard and LED display. The © 
program can be adjusted to one of three 
levels of play, requiring 3, 10, or 100 seconds 
for each computer move. The level of play is 
below that of a very good player but offers 
challenging moves. The system is expand- 
able and fully documented. It has a Player's 
Manual, complete annotated source listing, 
and Program Documentation describing the 
strategic algorithms. Instructions аге 
provided for modification, expansion or 
system conversion. $10.00. 
MICROCHESS, 1612-43  Thorncliffe 

Park Drive, Toronto, Ontario, M4H 1J4, 
Canada. 
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8080 BASIC INTERPRETER 
In case you're not familiar with inter- 

preters, they differ from compilers in that 
they directly execute program statements, in 
contrast to the separate machine code 
program generated by a compiler. While 
often slower than a compiled program, it is 
generally easier to debug a program with an 
interpreter since one has only to evaluate 
source statements. 

Called BASIC ETC, this interpreter uses 
8K bytes of memory plus IK scratchpad. 
Features include 255-character strings, N- 
dimensional arrays, variable precision 
arithmetic, assembly language subroutines, 
direct memory and I/O addressing, 27 error 
codes, character and line erasing, editing, 
subroutine nesting, 31 commands апа 
statements, 8 functions plus user defined 
functions, null control (0-25 seconds), and 
formatted output statements. Altogether, a 
very rich Basic. Available on paper tape or 
audio cassette complete with 32-page 
manual. $25. 

Binary Systems, Inc., 634 S. Central 
Expressway, Richardson, TX 75080. (214) 
231-1096. 

2 NEW MODULES FOR 
NCR SCHOLARS SYSTEM 

NCR has released the remaining two 
modules for its SCHOLARS data base 
system for student records management. The 
purpose of SCHOLARS (School 
Automated Records System) is to automate 
all aspects of records management, including 
attendance, scheduling, grade reporting, test 
scoring, and academic history, and thereby 
make it more efficient. The new modules are 
for test history evaluation and academic 
history record keeping. SCHOLARS is now 
in use in over 50 sites ranging from 
elementary schools to four year colleges and 
universities. 
NCR Corporation, Main and K Streets, 

Dayton, Ohio 45479 
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с MAIL THIS COUPON TODAY 
Please rush me free your latest electronic 
instrumentation catalog. 

AST/SERVO SYSTEMS, INC. 

Zip 



OPUS/ONE 
A.S.I. has announced a significant price 

reduction for their OPUS/ONE com- 
pilerjinterpreter; the 

 . compatible language has been reduced from 
$300.00 to $99.00. A complete User's 
Manual is available for a nominal $5.00. The 
reason for the price reduction was given as 
the tremendous interest generated by 
previous announcements. The new prices 
have been made retroactive, and all of those 
who purchased OPUS/ONE prior to the 
price reduction have been reimbursed for the 
difference. 

The current version has drivers for all 
Altair I/O interface boards, though drivers 
may be inserted by the user for other I/O 
devices. OPUS/ONE is fast and efficient in 
memory utilization. It incorporates the 
strong points of several large-system 
languages such as ALGOL and FORTRAN, 
yet maintains the commands, statements and 
simplicity of BASIC. Some highlights of the 
language are: arithmetic precision ... up to 
126 digits; strings ... automatically con- 
verted to numbers during numerical 
operations, with a length of up to 127 
characters; GOTO, GOSUB. ... label 
references are literal strings within the 

_ program; variables ... virtually unrestricted 
in character length and can represent a 
number, string or matrix; matrices ... up to 
255 dimensions with either number or string 
elements; forntatting ... 1/O print format 
statement has right- and left-justification, 
carriage return/line feed controls within the 
parameter list; block structure ... similar to 
ALGOL’s BEGIN-END features, brackets 
delimit blocks of program code. Delivery: 30 
days. 

Administrative Systems, Inc., 222 
Milwaukee, Suite 102, Denver, Colorado 

.. 80206. (303) 321-2473. 

STAR TREK | 

ADVANCED STAR TREK 
IN PL/I: PRICE HIKE 

The price of cards for the complete game 
in 1600 statements offered in the Sept/Oct 
issue has gone up from $10 to $18. Still 
cheap for 2000 cards plus postage. 

John R. Bane, P.O. Box 3125, University 
Station, Clemson, SC 29631. 

DICE STAR TREK 
Play the Mayfield Star Trek + bits of 

Leedom/ Creative Computing Super Star 
Trek at home, with or without a pocket 
calculator. Dice simulate random numbers. 
You need a chess board and pieces, one die 
and masses of paper and fun-time. Issued at 
virtually no profit, produced by stencil 
duplicator, runs to 50 pages. Price $2 or £1 
sterling, whichever preferred. 

Marion Stubbs, 176 Midanbury Lane, 
Southampton SO2 4GX, England. 

INTEL $8080- 

CALCULATORS 

BUSINESS ANALYST 
The new Texas Instruments “Business 

Analyst” is a powerful yet economical tool 
that provides fast answers to problems 
involving the time value of money. 

Built-in linear regression and trend line 
analysis capabilities allow direct interpreta- 
tion of statistical information. Additional 
points can also be predicted for forecasting 
purposes, compound interest, annuities, 
investment yields and many other complex 
personal or business matters that need quick 
solution with reference to complicated tables 
can be done with the TI Business Analyst. 

The compact, six-ounce calculator is easy 
to use. It has complex mathematical 
algorithms pre-programmed. Alla user must 
do is enter the known variables (number of 
periods, interest rate, present value, future 
value or payment). Then the calculator 
computes the unknown factor. To examine 
the effect of changing any variable, the user 
enters that new variable and recomputes. 

Built for trouble-free operation, with a 
single integrated circuit at its 
warranted for one year from purchase 
against defective materials and 
workmanship, the Business Analyst sells for 
$49.95. 

Texas Instruments Inc., P.O. Box 5012, 
Dallas, TX 75222. 

NEW CALCULATOR FEATURES 
FRACTIONS AND DATES 

The AL-8S by CASIO is the world’s first 
fraction/date calculator. At the touch of a 
button, the user can add, subtract, multiply 
and divide numbers expressed in fractions. 
The answer is also displayed in fractions. 
Other highlights include: Computes day of 
the week for any date between 1901 and 
1999: Computes day intervals between any 
two dates in the 20th century; Independent 

and MC)and grand total memory with “GT” 
key; Remainder calculation in division; 
Square root at the touch of a button; Per 
cent key for mark-ups and discounts; and 8- 
digit capacity with large, bright green 
display. $24.95. 
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WILD T-SHIRTS! 
How would you like a T-shirt with the 

quadratic equation, Maxwell’s equations, or 
LaGrange's equations? No, you're not into 
equations — well then how about the 
periodic table, the circulatory system, psy- 
chology maze, or the molecular structure 
diagram of chlorophyll. Or do you prefer 
something with more culture like a novel 
composed of 16 first and last lines from 
classic and well-known novels or perhaps the 
opening bars from Bach’s Invention 1. And 
for the electronics freak a transistor flip-flop 
schematic or a logic diagram of a feedback 
circuit. Perhaps you'd like to do your own 
thing with a blank punch card (IBM beige on 
a navy shirt) and an indelible pen to “punch” 
the holes. All shirts in great color com- 
binations! $4.50 per shirt, 50¢ postage per 
order. Catalog free. 

Outer Products, Dept. 
Lafayette Hill, PA 19444. 

C, Box 88, 

Mr. Spock T-Shirt 
Your friend and mine, Mr. Spock beautifully 
silk-screened in black оп high-quality, 

| American-made light green shirt. Looks good} 
with any outfit. Exclusively ours. Available in 

memory with four key memory M+, M-. МК | men's S, M, L, XL. $4.50 postpaid. Creative 

| Computing (CC-14), P.O. Box 789-M, 

| Morristown, NJ 07960. 
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MICROCOMPUTER 
PROGRAMMING COURSE 

FREE description and outline of MODU-LEARN'M Home 
Study Course in Microcomputer Programming. Hundreds of 
pages of text with examples, problems and solutions. Pre- 
pared by professional design engineers using systematic 
software design techniques, structured program design, and 

practical examples from real microcomputer applications. 
Presented in a modular sequence of ten lessons oriented for 
the engineer, technician or hobbyist beginning to need pro- 
gramming skills. Includes background material on micro- 
computer architecture, hardware/software tradeoffs, and 

Your Mail Order Computer Shop... 

useful reference tables. Much of this information has been IMSAI 8080 kit with 22 s/ots (limited quantity) $599.00 

available only through costly seminars. Now you can study TDL 2-80 ZPU (the one with full software available now) 242.00 
this complete course at home at your own pace for only | Edge Connectors and guides for IMSAI each : 
$49.95. Send for FREE descriptive brochure now. 1 Edge Connectors and guides for IMSAI 10 for 
LOGICAL. .. 711C Stierlin Rd Seals 8k RAM kit with 500 ns chips 

Mountain View, CA 94043 Seals 8k RAM kit with 250 ns chips 
SERVICES INCORPORATED (415) 965-8365 North Star complete Micro-Disk Systemkit 

WETAKE i 
MASTER CHARGE OR BANKAMERICARD 

For phone and mailorders... BANKAMERICARD —. | 
(Add 4% of TOTAL ORDER for service charge) 

TERMS: Shipping charges — $10. per CPU or large units, $1.50 per kit, 
$2. minimum per order. 

Provided stock is available, we will ship immediatety for payment by 
cashiers check or money order. 
Allow 3 weeks for personat checks to clear. New York State residents 
add appropriate sales tax. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

MURPHY'S LAWS! 
Incomparable "scientific" wit. Colorfully 
lithographed on 8" x 10" heavy Parchtext 
for framing. А great business or personal 
gift! Only $3 (4/$10). Four Corners 
Press, Dept. CCA, Hanover, Mass. 
02339. : Forthe best prices available on: 

IMSAI e TDL e NORTHSTAR e POLYMORPHIC 
NATIONAL MULTIPLEX • SEALSELECTRONICS 

CALL: (315) 637-6208 
WRITE: P.O. Box 71 • Fayetteville, N.Y. 13066 

NOW AVAILABLE! 

MK SD ҢӨ 
СОМЕН IRE 
HANDEOQOKI 
UNG aS dL SWPP) b 
к. tiny yet powerful and capable, have 
changed the performance characteristics for all 
computers. 

This volume serves as the basic guide to all computer 
users, designers, and students who must learn to use 
these low-cost microminiaturized control devices. 

An easy-reading, illustrated reference, which includes: 
an introduction to microcomputers, what they are, what 
they will do, why they are easy to use, examples of their 
wide range of uses and the available microsystems 
products. 

ENCLOSE PAYMENT AND SAVE 10% 

«m PETROCELLI/CHARTER 
E 641 Lexington Avenue, New York, NY 10022 

BILL ME UO PAYMENT ENCLOSED 0 
(Publisher pays postage and handling.) 

| 
| 
| 
| 
| 

Please send me. . copies of MICROCOMPUTER HANDBOOK. | 

| 
| 
| 
| 
| 

Super low cost 
Computer terminals 8 

Ideal for 
communicating 
with your 
microprocessor! 
RS-232 interface x 32 characters $400 Be 
TV/TTY kbd./display (16 lines x 64 characters) $500 
Keyboard/CRT Monitor (24 lines x 80 characters) $700 

CALL OR WRITE FOR DETAILS. TODAY! 

СӘ x 
INDUSTRIES 

252 Oak Street Oakland, California 94607 (415) 763-6033 

| enclose check or money order for $19.95 for each copy ordered, 
NY residents add sales tax. 

NAME 

ADDRESS 

CITY, STATE, ZIP 
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San Francisco Bay Area — Where It All Started — Has Its First Home Computing Convention 

7,000 to 10,000 People 

* 100 Conference Presentations 
200 Commercial & Homebrew Exhibits 

Two Banquets with Outstanding Speakers 
Special-Interest Social Centers 

Publication of Proceedings Being Planned 

In Northern California's Largest Convention Facility, San Francisco's Civic Auditorium 

ONS ON HOME COMPUTING| 
Being Planned 

ICONFERENCE SECTI 
e Computer Graphics on Home Computers e Software Design for Personal Computers 

e Computer-Driven & Computer-Assisted Music Systems • Microprogrammable Microprocessors for Hobbyists 

e Speech Synthesis Using Home Computers e Optical Scanning for Inexpensive Program & Data Input 

e Computers & Amateur Radio e Floppy Disc Systems for Home Computers 

e Computer Games: Alphanumeric & Graphic e Hardware & Software Standards for Personal Systems 

e Personal Computers for the Physically Handicapped e Seminars for Club Leaders, Editors, Organizers, etc. 

e Computers & Systems for Small Businesses e Personal Computers in Education (associated with a 

e Tutorials for Hardware Novices & Software Novices University of California short-course) 

—— AND MUCH MORE —— 

IPRESENT-WORLD & FUTURE-WORLD BANQUET SPEAKERS 

Banquets to be Held in San Francisco’s St. Francis Hotel 
Fascinating Speakers will Discuss the Past, Present, & Future 

e Frederik Pohl, Science Fiction Writer; e Henry Tropp, Mathematician, and Principal 

Lecturer to NASA, American Astronautical Investigator for History of Computers 
Society, New York Academy of Sciences, Project jointly sponsored by the 
World Future Society, etc. ; Smithsonian Institution & AFIPS 

Robots You Can Make for Fun & Profit The 1940's: The FIRST Personal Computing Era 

e John Whitney, Pioneer Computer Film Maker, e Ted Nelson, Author & Fantast, Director of the 

Computer graphics experimenter under grants Xanadu Electronic Literary Network, 

from NEA, Guggenheim Foundation, & IBM — Lecturer at Swarthmore College 

Digital Pyrotechnics: The Computer in Visual Arts Those Unforgettable Next Two Years 

april 15-I7, 1977 - san francisco 

©77-1-12a by Computer Faire 
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FIND OUT ALL THE DETAILS — 

GET YOUR FREE COPY 
OF THE 

SILICON GULCH GAZETTE 
e Details of the programs & speakers 
e Information about the banquets’ arrangements 
e Accommodations information, & registration forms 

for the St Francis Hotel (Faire Headquarters Hotel), 

& the other three Computer Faire hotels 
e Pre-registration details for the Faire 

(reduced admission for those who pre-register) 
ө Details of the Proceedings expected to be published 
e Articles about the homebrew exhibits 
e Weather information, & tourist trivia regarding 

San Francisco 
e Listings of the commercial exhibitors 
e AND, just to make it interesting: 

— “Hot news’? & raging rumors from “Silicon Valley" 

(the San Francisco Bay Area) 
— Product announcements, equipment descriptions, 

hardware & software news, etc. 

CO-SPONSORS INCLUDE AMATEUR, _ 
PROFESSIONAL, & EDUCATIONAL GROUPS 
e The two largest amateur computer groups: 

Homebrew Computer Club 
Southern California Computer Society (SCCS) 

e Both Bay Area Chapters of the Association for 
Computing Machinery (ACM) 
San Francisco Peninsula Chapter 
Golden Gate Chapter 

e IEEE Computer Societys Santa Clara Valley Chapter 
e California Mathematics Council 
e Stanford University’s Electrical Engineering Dept. 
e University of California’s Lawrence Hall of Science 
e People’s Computer Company (PCC) 
e Community Computer Center 
e Bay Area Microcomputer Users Group (BAMUG) 
e Professional & Technical Consultants Assn (PATCA) 

e Amateur Research Center 

april 15-17, 19'777 - sam francisco 

©77-1-12 by Computer Faire 
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"Let's not rush things now Miss Jablonski." 

Tre PET 
| COMPUTER SERVICE. 
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"| think | forgot to tell the computer that Bambi is a 
Great Dane." 9 CREATIVE COMPUTING 
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BiTen SIDE OF COMPUTER DATING 
© CREATIVE COMPUTING 

T = = 

BANA / 

' COMPUTER. гү” У \ \ 

| ‚ DATING 
5 2- KANN | 155), БОЗЕ 

© CREATIVE COMPUTING 

“Cinderella and the Prince could have made it a whole 

lot easier on themselves if they’d used computer dating.” 

CREATIVE COMPUTING 



~ UNWRAP — 
OK MACHINE & TOOL CORPORATION 

3455 CONNER STREET, BRONX, NEW YORK, N.Y. 10478 U.S.A. e PHONE (212) 994-6600 

TELEX: 125091 TELEX: 232395 

ATTENTION READERS 

Creative Computing is seeking articles, programs, 
graphics, games reviews and other material for future 

| issues. We are especially looking for “how-to” material. 
I Contributions should be typed, double-space (3000 

| words maximum). Include a self-addressed stamped 
envelope if you want an acknowledgement. 
We pay for material from professional writers at rates 

] between 1€ and 3€ per word. Please note on your 
submission whether you are submitting on a paid or 
unpaid basis (the probability of acceptance is higher for 

А unpaid material). We normally do not pay for material 
from educators or students. 
Upcoming issues will focus on a wide variety of topics 

including the following: 
Computer kits 
Arts and humanities 
Music 
TTY and plotter graphics 
Health care, medicine 
Psychiatric treatment 
Public access (libraries, museums, storefronts) 
Retail computer stores 
Networks 
Computer conferencing 
Education 
Computer games that learn 
Robots and cyboras 
Future computers 

MAR/APR 1977 

: The Tarbell Cassette Interface 
Plugs directly into your IMSAI or ALTAIR 
Fastest transfer rate: 187 (standard) 
to 540 bytes/second 
Extremely Reliable—Phase encoded 
(self-clocking) 
4 Extra Status Lines, 4 Extra Control Lines 
25-page manual included 
Device Code Selectable by DIP-switch 
Capable of Generating BY TEILANCASTER 
tapes also. 

* No modification required on audio cassette 
recorder 

е Complete kit $120, Assembled $175, 
Manual $4 

TARBELL ELECTRONICS 
20620 S. Leapwood Ave., Suite P, 

Carson, CA 90746 (213) 538-4251 
California residents please add 6% sales tax 



My story starts off back in June of 
1975. Actually it goes back a lot fur- 
ther than that. Since the late 60's, 
l've always had a time-sharing term- 
inal at home. But in the last few years 
my kids began to use the terminal for 
CAI, mainly drill and practice in 

. mathematics and, of course, they like 
to play games. Obviously, this af- 
fected my telephone bill as well as 
sending the bill for time-sharing com- 
puter time through the roof. So, hav- 
ing seen some of the ads and articles 
about these new little do-it-yourself 
computers | decided that ! would get 
опе. In early '75 the only one that | 
could get any significant information 
on was the ALTAIR 8800 so | decided 
to place an order for one. | ordered it 
around the middle of June 75, and got 
it about 60 days later in early August. 
Then | decided that if | built it my- 

self and wrote up my experiences | 
would probably be a little bit biased. 

. Since | certainly wanted to describe 
what it was like to build a computer 
system on the pages of Creative Com- 
puting | decided the best thing to do 
would be to find some unbiased out- 
sider, who had experience in both 
writing and computer systems. So | 

. called my good friend Steve Gray, and 
said, "Hey Steve, | got this neat Altair 
8800 coming in a couple of weeks. 
How would you like to build it?” 

. Steve, not to pass up a golden oppor- 
tunity like that, said "Sure, be happy 

. to, Гуе got a couple of free evenings, 
some week-ends. I'll build it for you." 
Well it probably took a little bit longer 
to assemble than either Steve or | 
had originally anticipated and com- 
pounding the task was the fact that | 
had ordered a fairly complete system 
around the basic Altair 8800: 8K of 
dynamic memory in the form of two 

_ 4K boards, a serial input/output inter- 
face for a terminal and another input/ 
output interface for an audio cassette 
recorder as well as the CPU board 
itself. So that was our basic system. It 
took Steve many many hours to put the 

їп which Publisher Dave Ahl playfully describes the 
genesis and on-going development of a home com- 
puter system and Contributing Editor Steve North 
describes succinctly, but sometimes irreverently, some 
of the components in this and in his system. Beware! 
This could happen to you! 

Saga of a System 
whole thing together. His experiences 
are well documented in the article that 
appeared in the Jan/Feb 1976 issue of 
Creative Computing, “Building an 
Altair 8800”. 
A couple of months elapsed in early 

1976 when Steve’s job seemed to be 
taking precedence over his hobby; 
just couldn't spend an awful lot of 
time on the Altair and things were sort 
of in limbo. Then in March | took the 
opportunity to go out to Albuquerque 
to the MITS Altair convention and | 
saw in person for the first time a TV 
Dazzler. In fact, | saw several of these 
rather impressive little devices. | 
decided that was just the thing | need- 
ed for my Altair so Harry Garland, 
President of Cromemco, and | had a 
conversation which culminated with 
me ordering a TV Dazzler along with a 
Bytesaver board to store programs for 
both the Dazzler and the Altair. They 
arrived just a few short weeks later and 
once again | entrusted them to my 
friend Steve Gray (who was probably 
getting a little tired of the whole thing 

Contributing Editor Steve North 
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by now). | asked Steve if he would build 
the Dazzler which he did (the Byte- 
saver | had gotten assembled for some 
strange reason). 
We then decided it was high time to 

get the system to a point where it was 
usable. After all, І still had the time- 
sharing terminal at home and | was 
still running up my telephone bill and 
bills with GE time-sharing. So | said, 
“Hey, let’s shoot for the National 
Computer Conference in June. Let's 
get the Altair-TV Dazzler set-up run- 
ning with a little kaleidoscope pro- 
gram or some other catchy demo and 
show it at our NCC booth." 

Well, about that time we discovered, 
as many other buyers of TV Dazzlers 
have no doubt discovered, that the TV 
Dazzler does not work with dynamic 
memory — it requires static memory. 
That posed a minor problem,so | took 

advantage of another acquaintance, 
Tom Kirk of the N.J. Amateur Com- 
puter Group, who happened to have a 
spare 4K static memory board. | bor- 
rowed it thinking, “11 run with this 

one until | can get my own." Tom 
probably has had some second 
thoughts about loaning me that mem- 
ory since it was not until November 
that he finally got it back. Which re- 
minds me of the story: when a visitor 
asked Mark Twain, "Why do you have 
so many books stacked on the floor 
and all over every room of your 
house?", he replied "Because my 
friends won't lend me their book- 
shelves." 

In any event, we didn't quite get 
the Altair, Dazzler, and other bits and 
pieces running in time for the Nation- 
al Computer Conference. The main 
reason was because of one of those 
"other bits and pieces," in particular 
a little device called a Pixieverter. 
Now a Pixieverter is a small enough 
device; it fits in the palm of your hand 
and only costs $8.50 from ATV re- 
search. But unfortunately Steve’s 
Pixieverter was acting up and at that 
point | had not gotten one of my own. 

CREATIVE COMPUTING 



SAGA — Continued... 

What a Pixieverter does is convert low 
frequency signals put out by the Daz- 
zler, TV camera, or other similar de- 
vice to a higher frequency that can be 
fed into the normal antenna terminals 
on a TV set so that you don't need a 
special TV monitor or don't have to 
modify the TV set on the inside. 

Back to NCC. What to do? The ob- 
vious solution: call upon another 
friend. This time Bob Radcliffe from 
Hoboken Computer Works. | ex- 
plained, "Bob, I’ve got this exhibit at 
the National Computer Conference 
and I'm kind of committed to showing 
а jazzy hobbyist computer system 
(along with a Tektronix 4051 on the 

other side of the booth to show that 
we're still legitimately involved with 
assembled products for the education 
market). How about loaning me a 
set-up?" Well, he very kindly did that 
and we had a very nice exhibit with a 
Hoboken Computer Works machine 
(an IMSAI 8080 in disguise) with a TV 
Dazzler running  kaliedoscope. It 
turned out to be a real big attention- 
getter in our booth. 

However, back to our system. 
What was happening? Well, in fact 
not very much was happening and | 
decided, "Gee, it's been a while. Га 
like to see what my computer looks 
like. Maybe it's about time that | take 
a look at it." | figured that | had a 
little spare time on my hands and 

maybe it's about time to take solder- 
ing pencil to hand. So | got the com- 
puter back from Steve along with all 
the other little bits and pieces. Lo and > 
behold | discovered | really didn't. 
have nearly as much time to work on 
it as | thought so I got in touch with 
one of our prolific contributing edi- - 
tors, Steve North, who had just gradu- 
ated from high school a few miles 
away from me. | said, "Steve, how 
would you like a nice little summer - 
project to get this computer system 
running. There really shouldn't be 
much to it, it’s all assembled, it's all 
checked out, it just doesn't quite run 
yet. The first step is to get and build a 
Pixieverter of our own." No problem. 
Steve built it and it seemed to work 

Dazzle Your TV With a TV Dazzler 
If your computer is dull and boring, and only blinks its 

lights and types number and letters, perhaps a TV Dazzler 
is for you! Physically, a TV Dazzler is two boards which 
plug into your Altair or IMSAI, connected to each other 
with a ribbon cable, and which drive a TV monitor or 
modified TV. The TV Dazzler generates (to simplify a bit) 
a color picture of your computer's memory, similar to the 
VDM-1. But instead of generating characters, the TV 
Dazzler makes little colored squares appear on your TV 
Screen. You can use it to create all kinds of interesting 
color graphics. 

The Dazzler uses high-speed direct memory access 
(DMA) to read the memory of the host computer and 
translates the information into a TV picture while at the 
same time the computer is executing a program. There are 
two output ports on the Dazzler, and one input port. One 
output port tells the Dazzler whether or not to display a 
picture, and if so, where the starting address of the 
picture is in the computers memory. The other output 
port is used to tell the Dazzler what resolution to use, 
whether to generate B&W or color; and for high 
resolution, what colors to use (blue, green, and red are 
available). 

The Dazzler can generate a 32x32 element picture, 
which uses up 512 bytes of memory, or a 64x64 element 
picture, which soaks up 2K of memory. The Dazzler’s 
memory is not on-board, so you'll have to reserve some 
static memory in your system for it. 

Only two bits of the input port are used. Bit 7 goes low 

during odd lines, and high during even lines on the TV. Bit 
6 goes low for 4 msec to indicate the end of a frame. 

In the normal (low) resolution mode each 4-bit nybble 
of memory represents one square on the screen. The 

individual bits specify which colors and what intensity. 
In the high resolution mode, things get a bit trickier. Each 
byte represents which squares are on or off in a group of 
8 squares. To decide what colors and intensity to use, the 
Dazzler looks at the appropriate output port. To get full 
color in the high resolution mode, you have to interweave 
frames of different colors. But enough of that here; avery - 
comprehensive set of instructions and technical di ce 
tion comes with the Dazzler. 

The Dazzler board itself seems of better construction 
than most PC boards; it uses sockets throughout and goes 
together very nicely as long as you don't have too heavy a 
hand with your soldering pencil. A simple test program is | 
included for alignment of the Dazzler; however the align- 
ment is somewhat tricky since all the adjustments seem 
interrelated! Extensive troubleshooting hints are included - 
in the manual; at this point we haven't needed them— 
reliability has been excellent. 

There is already a fairly extensive Dazzler software 
library. Kaleidescope is a Dazzler simulation of something 
you can get in a 5&10 for 39€, and LIFE is a version of the 

. popular computer game for Dazzler graphics. Dazzlema- 
tion is used to generate animated Dazzler pictures (such 

as an endlessly pouring Martini), and Dazzlewriter is used 
to write alphanumerics on the Dazzler. This program 
seems a little cumbersome to use, because the Dazzler 

doesn't have the resolution for getting many characters on 
a line. If you get an A/D with a joystick or two (such 
as Cromemco’s unit) you can run things like Dazzle- 
Doodle, which lets you draw color pictures on the Dazzler; 
a chase game; and a space war game (real space war, not 
Star Trek) to be reviewed in an upcoming issue of 
Creative. 
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їп any usable computer system, you need some way of 
getting people-oriented information out of the system. 
Quite often this takes the form of a hard copy device ora 
CRT terminal. If you have an 8080 based system with a 
100 pin bus, you have a third option — a VDM. The VDM 
board plugs directly into the system bus, and a cable 
runs off to a TV monitor. Although the VDM does display 
characters on a TV screen, it isn't a CRT in the usual 
sense. In other words, you don’t send out characters to it 
one at a time, as you do with most computer terminals. 
Rather, the VDM is a visible page of memory. Each byte 
shows up on the TV screen as a corresponding ASCII 
character, both upper and lower case. Since ASCII uses 
only seven bits (and there are eight bits in a byte), the 
eighth bit is used to turn the cursor on or off at a partic- 
ular location. 

Since you can’t just send characters out to the VDM, a 
special routine is required to write characters out to the 
VDM's memory (which is on-board incidentally — the 
memory for the picture doesn’t eat into what you al- 
ready have). This routine to simulate a terminal takes 
up about 1/2K of memory, but it lets you do things you 
cant do with many CRTs. While characters are being 
written on the VDM, you can alter the speed of the dis- 
play by typing a number from 1 to 9. 1 is ultra-slow 
(about 1.5 char/sec), while 9 is equivalent to about 
2000 lines/minute! You can stop the VDM from display- 
ing more characters by hitting the space bar. Subse- 
quent depressions of the space bar cause characters to 
be displayed one at a time. Typing another number 
causes the display to continue at the desired rate. Typing 
control-A will turn the cursor on or off, depending on its 

Processor Technology VDM-1 
previous state. The display scrolls, which is much more 
readable than starting over at the top of the screen 
when it’s filled. 

With VDM also does several handy things with its on- 
board hardware. An output port is used to tell the VDM 
how many lines to blank at the top of the screen, and the 
address of the on-card RAM where the display starts. 
There are also some DIP-switches which permit you to 
select: 1) black on white, or white on black picture; 2) 
whether the cursors blink or not; 3) whether the control 
characters are visible or not; and 4) whether the screen 
is blanked to the end of the line on a carriage return, 
and to the end of the page on a vertical tab. An input 
port on the VDM has one bit which goes low if the output 
port wasn't written to in the past .25 seconds. 

Unfortunately, there is no way to connect a keyboard 
to the computer through the VDM; you'll have to obtain 
a separate interface for that. Still the VDM is useful as 
the only human-readable output device in a system, and 
perhaps even more valuable to someone who already 
has a hard copy device (save time, paper, and wear-and- 
tear on the ears)! : 

Software with the VDM includes the standard term- 
inal replacement software, and patches for MITS 
BASIC. PTCo 5K BASIC and the soon to be released 8K 
BASIC have built-in VDM drivers. Raise a sense switch, 
and you have output to the standard terminal — lower it 
and the output goes to the VDM. There are also some 
VDM games we haven't had a chance to try out yet, in- 
cluding a realtime Star Trek game. Since all the char- 
acters on the VDM are directly accessable to the com- 
puter, it has the capability for some interesting graphics. 

 Cromemco A/D and Joysticks 
. Once you have a device like a TV Dazzler in your sys- 
tem, you may get tired of watching it play Kaleidescope 
all by itself for a few hundred hours. You'll probably 
want some way of playing a game with the Dazzler. Of 
course, you could use a regular keyboard for input, but 
joysticks lend themselves more readily to graphics, and 
can be used by children who haven't learned to read yet, 
or by people who are put off by computers. Cromemco's 
D+7A is a seven channel A/D; a set of matching joystick 
consoles is also available (you can buy one or both). The 
A/D itself is bipolar- that is, it accepts voltage as input 
in the range of -2.56 to +2.56 volts and digitizes it with 

36 

sign in 40 mv increments. The A/D board also has a 
parallel digital I/O port. 

The joystick consoles feature a joystick (of course), a 
speaker, and four pushbutton switches which can be 
read by the computer. Since two joysticks use only 4 
channels, you still have 3 channels left over for other 
miscellaneous things. Let your computer listen and talk 
to the real world! Construction of both the D+7A board 
and joysticks are outstanding as we've come to expect 
from Cromemco. While an A/D setup with joysticks isn't 
the most essential thing you can plug in your computer, 
it does make your computer more fun. 
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SAGA — Continued... 

fine. As a matter of fact, after a little 
poking around, fine tuning, putting in 
a capacitor here and there, and re- 
placing one of the integrated circuit 
bus drivers on the CPU board, finally, 
the computer got working along with 
the TV Dazzler. Great! Story finished. 
Well, not quite. 
Towards the end of the summer | 

made another mistake by going to the 
Personal Computing Fair in Atlantic 
City. | said "mistake," however, it 
was not a mistake going to the show. 
What happened was that Harry Gar- . 
land from Cromemco brought along 

his TV Dazzler along with a couple of 
joysticks and the mistake was that | 
brought along my kids and showed it 
to them. After that, the two of them — 
that is, the Dazzler/joysticks set-up 
and my kids — turned out to be in- 
separable. All three kids just went 
bananas over this system. So once 
again | decided this is something 
worth having (actually, my kids de- 
cided) and once again | placed an 
order for an analog to digital inter- 
face (this time assembled) along with 
two joysticks (yes, not one but two). 
They arrived in short order and 1 

plugged them into the system. Recall, 
the Dazzler worked fine — it ran kalie- 
doscope just beautifully so one would 
expect that a preassembled A/D con- 
verter with two joysticks would also 
run fine and would produce little 
traces across the screen of the TV set 
when you moved the joystick appro- 
priately. But instead of little one dot 
traces when | turned the thing on | 
got great big gashes of color diagon- 
ally across the whole face of the tube. 
It took two minute movements of the 
joystick to cover the entire face of the 
tube with color. This was not quite 
what | had in mind, thinking back to 
this little electronic etch-a-sketch 
which my kids were playing with in 
Atlantic City. What was wrong? Well, 

| didn't know what was wrong so | 
called up Cromemco and said, "This 

thing gives me these gashes of color— 
what's wrong?" "Well sir, we can't 
really tell long distance but we can 
make a pretty good guess that you've 
got some ripple in the power supply so 
why don't you put a big capacitor 
across the power supply and see whe- 
ther that works?" | said, thinking back 
to my days in radio/tv repair, "Does 
that mean a 35 microfarad capacitor 
or a 50 microfarad?" The telephone 
laughed at me and finally the en- 
gineer said, "No, it means something 
like, 10,000 microfarads." 

Well, | rummaged around in my 
box of old electronic parts and found 
that | had a 350 microfarad unit but 
nothing like 10,000 microfarads. This 
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created a small problem because 
10,000 microfarads aren't available in 
your neighborhood Radio Shack store 
and anyway | wasn't absolutely sure 
that that was the nature of the prob- 
lem. · 
Anyway, right around this time also 

| had taken my system up to the 
Science Fiction Conference at Great 
Gorge Playboy Club where it proved 
to be the delight of all of the people 
with hangovers in the morning who 
couldn't quite maneuver a bunny or 
themselves to their room the night be- 
fore. A fair number of the people who 
looked at the TV Dazzler kind of went 
away with dazzles in their eyes. How- 
ever, the point is that we experienced 
some minor problems up there due, 
apparently, to the fluctuating or low- 
er line voltage. So | said to myself, 
"Gee, | go to a lot of different trade 
shows and conventions. І should really 
have some kind of constant voltage 
power supply or an auto transformer 

or something so that this system can 
be easily transportable.” So | decided 
that perhaps a Parasitic Engineering 
power supply was the answer and 
placed an order for one. Back now to 
the: problem of gashes of color across 
the face of the tube. Well, looking at 
what could have caused it, first of all 
the voltage used in they joystick 
mechanism is the +16 to -16 and it's 
regulated down to 12 volts in the joy- 
stick but, of course, for the regulators 

to work you'd better start off with a 
little bit more than 12 volts. | put a 
volt meter across the terminals and 
while just the CPU was in | got a nice 
16-1/2 volts from the 16 volt power 
supply. Add a few more boards and it 
dropped down to 15-1/2 volts; more 
boards, 15 volts; then 14-1/2 volts; 
finally plugged in the two joysticks 
and all of a sudden the -16 volts had 
dropped down to -12.3 volts. Since 
-12.3 probably wasn't being regulated 
to -12 very well by the Zener diodes it 
was pretty apparent that that was the 
cause of the problem. The +16 and the 
two 8 volt sources were still doing 
fine. | determined then that it would 
probably take a very simple fix of a 
12.6 volt filament transformer to re- 
place the 11 volt transformer (T3) in 
the Altair to fix the problem along 
with perhaps a larger capacitor than . 
the 500 microfarad one in the -16 
volt power supply, say something like 
2000 or 3000 microfarads seemed 
about right. Just when | had reasoned - 
all of this out, along comes a news- 
letter from the Denver Amateur Com- 
puter Group with precisely the same 
power supply fix suggested. That is, | 
replacing transformer T3 with a 12.6 
volt filament transformer etc., etc. | 
could have put in this fix for about 
$2.69 for the filament transformer- 
plus $1.25 for the capacitor from one 
of the surplus outlets but since Га 
already blown $75.00 on the Parasitic 

Cromemco Bytesaver 
It seems to be becoming more popular to keep some 

programs on PROM, save thereby save yourself the 
agony of toggling in a bootstrap loader every time you 
bring up your system. The Bytesaver is a PROM board 
with a built-in programmer. It has room for 8K of (or 8) 
2708 PROMs. Unfortunately, we can't even find 2708 
PROMs in the back of Popular Electronics, but Crom- 

emco sells them preprogrammed for $50. Does that give 
you a hint? The Bytesaver comes with a program called 
Bytemover on a PROM. Bytemover is used to transfer 
programs from RAM to ROM (for programming) and 
from ROM to RAM (so they can be run). By setting the 
sense switches, you tell Bytemover exactly what transfer 
to make. Obviously this gives you a very fast way to 
load programs into RAM (but not many of them). To 
program a PROM, you have to flip a switch on the Byte- 
saver board, and then run the Bytemover program with 
the proper switch settings. 

We really question the worth of the Bytesaver. It does 
program Erasable PROMS — which are much more 
flexible than the non-erasable type. But these EPROMS 
do not appear to be widely available. Since it takes big 
bucks to buy PROMS for the Bytesaver, you might con- 
sider a smaller PROM board, containing at least a boot- 
stap loader. On the other hand for "permanent" software 
(BASIC, a sort routine, favorite games, etc.) the Byte- 
saver might be just the thing. 
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Engineering power supply | decided | 
might as well go ahead with that and 
leave the Radio Shack/surplus vendor 
power supply fixes to other people 
who aren't quite so foolish with their 
hard earned money as | am. Actually 
I shouldn'treally say that because my 
justification for getting the Parasitic 
Engineering power supply was more 
because it provides a good source of 
constant voltage under varying input 
conditions rather than just to fix up 
the gash in the TV Dazzler/joystick 
combination. 

Meanwhile about the same time, 
Steve North mentioned that the sys- 
tem seemed to be having some CPU 
problems. Steve had put a capacitor 
across two of the terminals in the CPU 
to get rid of some noise in the Dazzler 
image. It also seemed not to be per- 
forming adds up in the high registers 
correctly. So | wrote MITS about the 
problem and returned the CPU board. 
Well | got back a nice little note from 
MITS saying that the CPU checked 
out just fine and when it is used with 
MITS products everything would be 
ok but that«they could not guarantee 
when it was not used with MITS 
products. They also performed the 
clock modification at the same time 
which was very nice of them. Unfor- 
tunately, when | ordered the Parasitic 
Engineering power supply | also 
ordered their clock fix kit which uses 

. a somewhat different strategy of fix- 
ing the clock than the MITS kit. 

It's pretty obvious that the direction 
that | was going with the Altair was to 
make it an analog device driving a 
graphics terminal of some sort, say a 
color tv set along with they joysticks. 
About that timel said to myself, "what 
happened to the original purpose of 
getting a Basic speaking computer to 
replace the time-share terminal link 
up?" It wasn't hard to deduce that 
somehow my goals had been sub- 
verted along the way but that my ori- 
ginal goal was still worthwhile and 
therefore 1 really should have dedicat- 
ed a computer to speak Basic to my 
kids. Having read so many good 
things about other microcomputer 
chips such as the Motorola 6800, 
Zilog Z80, Intersil 6100 and so on I 
decided | really should have one of 
them. Further, having heard a lot of 
good things about the Southwest 

. Technical Products 6800 kit | decid- 
ed to get one. But that is a subject for 
another story some time. 

. Back to the Altair. Somewhere 
along the way | had to cure the prob- 
lem of static vs dynamic memory. It 

. was eventually cured by getting an 8K 
static memory from Processor Tech- 
nology along with a video display. 

Processor Technology 
8K Static RAM 

One static memory is as good as another, right? Well, 
when it comes to actually storing data, yes, provided 
that it is fast enough for the CPU, and doesn't get flaky, 
or overload your power supply (everyone's claiming low- 
power drain these days, but some are lower than others). 
The PTCo 8K does offer some extra frills though. All the 
ICs are socketed, a worthwhile feature. It has a dip- 
switch which permits you to select the starting board 
address in 1K increments. The 8KRA also has a plug for 
connection to a battery, so when you turn your com- 

puter off, the data on the board is retained. To be frank, 
we don't know anyone who actually uses this feature, 
but it seems to be the "in" thing in memories nowadays. 
At least it's there if you want it... 

Assembling the 8KRA is a simple operation. You just 
solder IC sockets until you begin to see IC sockets even 
when your eyes are closed! As with all closely packed 
boards, you have to be careful not to make any shorts 
between traces while soldering. 

The 8KRA also comes with two test programs. One is 
for a system with just a front panel and an 8KRA, while 
the other is for a system with a terminal. The simple pro- 
gram tests all the words in the first 8K memory (except 
for the portion of memory the program itself is in, of 
course), and when it finds a bad word, quits, and stuffs 
information pertinent to the error (such as the address 
of the bad word, what the program tried to put there, 
and what it actually read back, etc.) in the first few bytes 
of memory. But, surprise! The program will always tell 
you your memory is bad, because the first address it 
checks in 8192 decimal, not 8191. While there are 8192 
words of memory on an 8K RAM, they start at location 
zero, not one. Someone goofed. Additionally, the ex- 
planation of what gets stored in the first few bytes of 
memory if there's an error was a little muddled. The 
other test program prints out a neat little picture of the 
ICs on the board, with X's for bad chips, and G's for good 
ones. Impressive! Show off to your family and friends! 
.Despite the criticism, remember that unless you only 
know how to run memory checks, you're buying some 
well designed hardware, and not software with some 
minor ambiguities. 
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I’m not quite sure why | got the VDM 
other than the fact that it looked that 
the Altair was shaping up into some- 
thing that would use a television set 
generally for output and it looked like 
the Processor Technology video dis- 
play module had a lot of interesting 
performance characteristics. 

So at this point my system looked 
something like this: Altair 8800 CPU; 
8K Processor Technology static mem- 
ory; a Bytesaver board, TV Dazzler, 7 
channel analog/digital and two joy- 
sticks from Cromemco; an audio cas- 
sette interface and terminal input/ 
output boards from MITS which at 
this point weren’t doing much of any- 
thing, a Video Display. Module from 
Processor Technology which also at 
this point was not doing much of any- 
thing, and a 4K dynamic memory 
from MITS (which at some place 
along the line | decided to upgrade 
with the new synchronous kit so it’s 
4K of updated dynamic memory 
which is doing absolutely nothing. 
The other 4K of memory was given to 
Tom Kirk in payment for the loan of 
his static memory over a rather pro- 
longed period of time.) The output of 
the TV Dazzler and Video Display 
Module both go into the Pixieverter 
which is a rather inconvenient opera- 
tion to switch from one to the other. | 
intend to try to make that a switched 
feature in the near future. The whole 
thing drives a small GE color TV set. 
Also | intend to hook up the cassette 
interface board to an audio cassette 
recorder and use BASIC on the sys- 
tem. | also intend to hook up the serial 
interface |/O board to some terminal 
as yet undetermined. (One problem 
of working for Digital Equipment and 
now for AT&T — at DEC I got hooked 
on a DECwriter which is a little bit 
out of my price league to put out for 
my own computer system. Now work- 
ing for AT&T I’m hooked on the KSR 
43 terminal which also is a little bit 
out of my price league. | guess I'll 
have to settle for something else, but 
at this point | haven’t decided quite 
what. 

Just a general note about trends in 
plug-in components of various manu- 
facturers. Since the Altair originally 
came out, an entire industry has 
sprung up to make Altair compatible 
boards and even-CPU's. | can't help 
but be very impressed with the qual- 
ity of these boards that are available 
from these other manufacturers and 
now from MITS itself, particularly 
compared to the original boards that 
came with that first Altair. The Crom- 
emco boards are absolutely beautiful, 
they’re double thickness, all gold 
plated contacts. The assembly instruc- 
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Processor Technology 3P+S 
The 3P+S is a multipurpose I/O board for use with 

both serial and parallel peripherals. Here’s what you 
get: 

1. Two parallel ports. These are standard TTL level 
ports, with data strobes (input) and acknowledge flags 
(output). You might use a parallel port for interfacing a 
keyboard or optical papertape reader. 

2. One serial port. This port can be used to send serial 
data on either an EIA RS-232 channel (which modems 
and CRTs generally speak) or on a 20 ma current loop 
(which Teletypes usually speak). There are lots of jump- 
ers to select options on the serial. port — jumpers for 
UART control. (word length, parity, etc.), jumpers to 
select baud rate, a jumper to enable or disable the cur- 
rent loop, and jumpers to determine which (if any) of 
the EIA channels you send and receive on. 

3. A control port. A variety of flags can be jumpered 
to the control word for input to the CPU. These include 
flags from the parallel ports and, UART flags (such as 
Transmitter Buffer Empty, Received Data Available, 
and the error flags). 
When your computer is running, and wants to input or 

Output data, it can look at the appropriate bit on the con- 
trol word and determine if a particular device has data 
to be read in, or is ready to accept more data. The output 

from the control word can be jumpered in similar ways. 
Some bits can be used for software control of the baud 
rate and UART (so that, to change from one terminal to 
another, you'd change the program in the computer, not 
the jumpers on the board. Someone we know is using a 
3P+S in his Altair to run a totally programmable modem!) 
You can also jumper bits of the control word, both in and 
out, to EIA channels you're not using for serial data, which 
is useful if your peripheral requires signals besides 
“Send,” “Receive,” and “Ground.” There’s even a peri- 
pheral control driver on the 3P+S. 

In all fairness, the 3P+S should be called a “2P+S+C” 
because it only has two parallel ports. The board seems 
reasonably well designed, and should be all most home 
computer owners need in the way of 1/0 interfacing, 
except for a mass storage interface (cassette or floppy 
disc). The only thing we could fault the 3P+S on is Pro- 
cessor Tech's documentation. For instance, the manual 
never explains in one place what all the little jumpers 
really do. The manual does explain how to connect the 
3P+S to some common peripherals, but they even slip 
up in the instructions for creating an RS-232 interface, 
by neglecting to tell you to jumper the TBE and RDA out- 
puts of the UART to the control word inputs. Test pro- 
grams for the board are included in the manual, but the 
test program for the serial port seems excessively long 
to toggle in manually. It might be a lot simpler to write 
your own test program, and if you have difficulties try 
the one provided, since it does have some diagnostic fea- 
tures. Despite these minor inconveniences, the 3P+S is 
a good value, and most hobbyists would find it more 
useful than either a serial or parallel interface alone. 

Footnote: After finishing this article, we spent torturous 
hours trying to get the 3P+S to talk to a working TTY. 
The problem turned out to be documentation. Pins J 
and 8 on a connector are switched in a diagram. Al- 
though the manual has been recently corrected, ours 
wasn't, hence 4 wasted hours. 
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tions with the Cromemco peripherals 
were outstanding in their clarity and 
both peripherals ran without any 
trouble whatsoever. | have almost the 
same comment for the Processor 
Technology boards — they are very 
nice boards — gold plated contacts, 
heavy weight board and high quality 
throughout. Both Cromemco and 
Processor Tech use sockets through- 
out on their boards which | personally 
think is very worthwhile, particularly 
if you, like |, have to replace an IC. In 
one case | had to replace the bus 
driver, in another the clock chip, and 

іп still another, | had to replace a 
whole board full of IC's when | up- 
dated the MITS. memory from the 
original to synchronous memory. It is 
just not a fun thing unsoldering IC's. 
Southwest Technical Products make a 

very convincing argument for the fact 
that the IC sockets are just something 
else to go wrong with the system — 
bad contacts and so on — and have 
convinced most of their kit builders 
that these sockets are not necessary. 
They are probably correct, but on the 
other hand | would probably still lean 
toward sockets in the event that 
changes might be desirable at some 
later date. The Parasitic Engineering 
components can't be directly com- 
pared to peripherals on a board since, 
of course, transformers, the clock IC 
and other parts for the Parasitic kits 
don't use any boards. However, the 
quality of the components was very 
good throughout. (One minor problem 
with the Parasitic power supply was 
that it assumed that the capacitor C14 
in the Altair power supply was a 2000 
microfarad unit or above — maybe 
they're thinking of late model Altairs 

— because mine was a 500 microfarad 
capacitor.) 

All in all, it has been quite an ex- 

perience — three people have been 
directly involved — myself, Steve 

Gray, Steve North, and many more in- 
volved on the periphery including 
some very, very helpful people at 
MITS and Cromemco who quite will- 
ingly spent time with me on the phone 
when | had some problems and tried 
to answer my questions and, in gen- 

eral, were very helpful. That's a very 
impressive part of this whole industry. 
Hecalling my days at Digital Equip- 
ment it was very much harder then, 
and probably still is, on the customers 
of minicomputers and larger main- 
frames. If a customer had a technical 
question and was trying to modify 
the equipment the first thing he'd 
hear is "Don't." The second would be, 
"It can't be done." Compounding it all 

. Tarbell Cassette Interface 
For some time now, a cassette tape standard known as 

the Kansas City/Byte standard, has been in use in 
amateur computing. While this standard can be used 
with cheap recording equipment, it does have the dis- 
advantage of being slow. With the Kansas City stan- 
dard of 30 bytes/second, it takes 4 minutes to load 8K 
of memory. That's a long time to wait every time you 
bring up BASIC or some other software of that size! 
The Tarbell cassette interface is also compatible with 

cheap recording equipment, but it can read and write 
data at 187 bytes/second. That means you can load 8K 
of memory in 43 seconds! Furthermore, if you're the 
adventurous type, you can try to modify the interface to 
гип a 540 bytes/second, although you might find your 
bargain basement cassette recorder isn't quite up to the 

job. Tarbell is still recommending exchange of data at 
the 187 bytes/second speed. 

The kit itself is fairly simple to assemble, it's just a PC 
board with 30 or so ICs, some discrete components, and 
a few jumper wires. The cables that are used to connect 
the interface to a recorder are also included. To adjust 
the interface, you just plug it into the computer, hook up 
the cassette recorder, turn everything on, and play a 
test tape consisting of nothing but sync bytes (E6 hex). 
You then twiddle a trimpot until a LED on the board 
comes on, indicating that sync bytes are being received. 
That's it. 

The manual that comes with the kit includes instruc- 
_ tions, recommendations on what kind of recorder to use, 
operating instructions, bootstrap and output programs 
with checksum, an example of how to use the interface | 
under control of a BASIC program, instructions about 
how to modify the interface for computer-controlled 
start-stop, and patches for CLOAD and CSAVE in BASIC. 
Tarbell. also markets two software packages: a chess 
program we weren't able to review, and a modification 
of Processor Tech's Software Package #1, an assembler/ 
text editor/monitor. Tarbell's modifications permit you 
to write both source and object code out to the interface, 
and then read the code back in or check what you wrote 
for validity (so you won't save a big program and dis- 
cover that the recording was bad and you've lost the file). 
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A tape of the software is $5 and a manual with a source 
listing is $5. 

Obviously having a cassette interface that runs that 
fast and isn't expensive (depending on your point of 
view) is nice, but there are a few problems. First of all, 
there have been some complaints of problems with get- 
ting the interface to work. You're not really taking a risk, | 
though, since Tarbell will repair the board free of charge, 
or refund your money, within 90 days. Another thing — 
you can't just write characters or code out to tape, and 
then read them back in. Whenever you write out a block 
of data, you have to first send out a start byte, then a 
sync byte (E6 hex), and then all the data. You don't have 
to bother with these control bytes when reading data 
back in — just reset the interface by sending a 10 hex out 
to the control port, and start reading. Also, since the inter- 
face is a synchronous device, with data being sent out in 
blocks, you can't do too much processing in between writ- 
ing characters out- under 5300 instructions. Under most 
circumstances that wouldn't be a problem anyway; and 
if you do have to do a lot of processing, as in BASIC, you 
could always put all the data you wantto record in a buffer 
and when you're done processing, write all the data out to 
the cassette at once. 

The last problem is that there really is no cassette tape 
standard, with people using the MITS cassette interface, 
Byte standard, and Tarbell. But most software is available | 

on Intel format papertape. If you have a friend with an 
8080 based system and a papertape reader, you could 
always try to get him to copy whatever software you buy 
to a Tarbell cassette tape. Actually, the computer store | 
frequent (Computer Mart of NJ) is willing to sell you soft- | 
ware on one of the usual mediums, and then copy it onto 
your own cassette. | 
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was the fact that he probably couldn't 
reach the right person to talk to any- 
way. About the best you could do gen- 
erally was to talk with a sympathetic 
field service technician who may not 
always be as knowledgeable as the 
customer himself. At DEC, we cer- 
tainly had a number of customers that 
fell into that category. The general 
feeling was, "Oh, you'll void the 

guarantee," or “You'll screw up the 
system somehow and we can't be re- 
sponsible and stand behind it if you 
do that." Well that may be quite true 
for the mini and mainframe manu- 
facturers. But | think it's heartening 
that people working for the manu- 
facturers of the microcomputer kits 
and peripherals and virtually every- 
one that I’ve come in contact with in 
this fledgling hobbyist industry is 
openly helpful. Although you occa- 
sionally get notes back as | did from 
MITS saying that it works fine with 
MITS products and so on, for the most 
part people are thoughtful and re- 
cognize that you're not going to use 
all the products from just one manu- 
facturer in assembling a system — 
that's just not the nature of the hobby- 
ist computer user. (| use the term 
"hobbyist" here very loosely because 
l'm including anyone who is building 
a microprocessor unit whether he's 
building it for a small business, for a 
school or just for fun at home). 

If there's one area that the hobby- 
ist computer manufacturers fall a bit 
short in it would have to be the area of 
documentation. The supporting docu- 
mentation and checkout programs fact, is fairly easy to diagnose by 

Parasitic Engineering 
Parasitic Engineering sells two fix-kits designed to 

alleviate bugs in the original Altair 8800. One of these is 
a power supply kit, which uses a constant voltage trans- 
former and high-current rectifiers. Unlike a linear trans- 
former, a constant-voltage transformer, with the help 
of a special winding and a capacitor, maintains a constant 
voltage at the secondaries while the primary voltage can 
range from 90 VAC to as high as 140 VAC. To install a 
Parasitic power supply, you have to remove the back 
panel, and disconnect the power supply wiring. After 
replacing the original Altair P/S transformers with the 
big fat C-V transformer and capacitor, you have to do 
some minor surgery on the power supply board to in- 
stall the high current bridge rectifiers. All that remains 
then is to reconnect all the power supply wiring. We 
found it necessary to install a Parasitic Power Supply in 
our Altair when we found that it didn't have enough 
muscle on the -16v bus with a full card cage, particularly 
with dips in the line voltage. The Parasitic Power Supply 
is rated at 12 amps at 8 volts, and 2 amps at +16v. Not 
quite an IMSAI power supply, but adequate! (Note that 
the writer enjoys taking jabs at the Publisher's Altair.) 

Parasitic also sells an Altair clock fix kit, which prom- 
ises to do everything but debug your programs for $15. 
Since some early Altairs seem susceptible to clock sync 
problems, you might find it worthwhile. De-installation 
of the existing clock IC on the CPU board, installation 
of a 94618 in its place, as well as some cutting of old 
traces and replacement of a handful of resistors and 
capacitors takes an hour or less to do. 
What we really want to know is, why did they name 

their company "Parasitic Engineering?" 

Addresses are, in many cases, very weak. In fact simply tracing back through the cir- 
there is nothing with the Altair that cuitry and identifying what compon- 
| would put in the category of a diag- ent or components are likely to be at 

j : ue Here are the names апа addresses of the manu- 
nostic program; for example, some- the cause. (That's how | identified the  facturers mentioned in the above article. | 
thing that checks every single bit of bus driver IC that was malfunction- ‚т Inc. 
memory, turning it on and off, and ing in the Altair. It was simply a mat- 2450 Alamo S.E. 
then giving a check sum or diagnostic ter of going from one schematic dia- ^ Albuquerque, NM 87106 

at the end. At Digital Equipment, field gram to another and tracing all of the (505) 243-7821. 

service technicians and software sup- components that had some influence Сготетсо 
port people were armed with a case on the signal, then trying combina- 07 слата 
full of diagnostic and checkout pro- tions and seeing which things worked ло, 
grams for every single component in and which things didn’t. Finally it Brac aco Technbloay-Colp. 
the system. This is severely lackingin narrowed down to just one COM- 6200 Hollis Street 
many (most) of the hobbyist computer ponent. Of course, it was not the en- Emeryville, CA 94608 
kits or peripherals l've seen to date. tire bus driver that had burned up but (415) 652-8080 
Consequently at this point there's a just one of the gates). Tarbell Electronics | 

great necessity for clubs — the Ama- This computer system which seems Ce зу Ave., Suite Р. 
teur Computer Group of New Jersey never to be quite finished is probably (218) 606-4951 
of which I’m a member — or any one quite typical of most hobbyist/school — ,. Е онен 
of the other several hundred com- microcomputer kits. Speaking formy- po Box 6314 
puter clubs across the country where self (and not necessarily for Steve Albany, CA 94706 
hobbyists can learn from the ex- Gray or Steve North, who actually ATV Research 
perience of one another what works, had the burden of construction on 13th and Broadway 
what doesn't work, what's likely to their shoulders) it's been a real ball. Dakota City, NB 68731 
go wrong. Good old-fashioned trouble And in the future, even though the ое соо 

Computer Mart of New Jersey 
shooting techniques are also very self-contained black boxes are on the oat bene oF 
practical. Fortunately a computer is a way, | look for increased fun as well Iselin, NJ 08830 
very logical device by nature and, in as challenges from my system(s). # (201) 283-0600 
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"Los Angeles 

First Western 

Personal Computing Show! 

March 19-20, 1977 
International Hyatt House 

SAT-SUN 

Philadelphia 

First Eastern 

Personal Computing Show! 

April 31 - May 1, 1977 

Marriott at City Line 

SAT-SUN 

Boston 

First New England 

Personal Computing Show! 

June 18-19, 1977 | 

Hynes Auditorium 

SAT-SUN 

Greatest Computer Shows Ever! 
Personal Computing magazine 

15 proud to announce that it is sponsor- 

ing the first series of regional Personal 

Computing Shows. 

_ Beginning with the Western Per- 

sonal Computing Show in Los Angeles, 

and followed by the Eastern Personal 

Computing Show in Philadelphia and 

the New England Personal Comput- 

ing Show in Boston, Personal - 
Computing magazine intends to 
make everyone aware of low-cost com- 

puting. ° 

Other shows are now being planned 

for the South, Southwest, Canada, and 

Europe! 

Already, invitations have been sent 

to all the manufacturers in the per- 

sonal computing field, computer 

stores, computer clubs and well-known 

` computer experts. 

Special areas of the exhibition halls 

Will be set aside for Personal Comput- 

ing in Education, in the Home, in HAM 

Radio, and in Small Businesses. These 

are all first for a computer show. 

Seminars and special presentations 

. include: Computer Synthesized Music, 

. HAM Applications, Trends in Micro- 

computers, Mass Storage Systems, 

Lemonade Computer Service Compa- 

nies, The Kitchen Computer, Comput- 

ers on the Farm, The Small Business 

System, Software for Fun and Practical 

Applications, Computer Club Organiza- 

tion, Standards for the Hobbyists, Com- 

puter Art, The House Robot, Comput- 

er Crime, Software Protection and Fu- 

ture Computing. 

In addition, special tutorial work- 

shops will cover all aspects of computer 

hardware, programming in both ma- 

chine language and higher-level lan- 

guage and applications. Workshops are 

designed for both beginners and ad- 

vanced students in the art of personal 

computing. - 

We anticipate 150 different exhibits 

and crowds of up to 10,000 people at 

each of these shows. Arrangements for 

the shows are being handled by a pro- 

fessional management company to en- 

sure that everything runs smoothly. 

Cost of Registration: 

At the door: 

$10 per show (two days) 
$ 6 per One Day Pass 

Special Pre-Registration Rates: 

$ 7.50 per show (two days) 

$ 4.00 per One Day Pass 
Note: Show tickets and one day passes 

entitle you to attend all seminars, work- 

shops, exhibits and other events. 

e M e L2 e ҮШ ө wm ө уд е ша ө иа ө ил ө KA 

Ороѕ Angeles 
LiShow (two days) 
ОоОпе Day Pass Only 

Enclosed is a check for 

Name 

Address 

City 

жч ө к= Ө шы ө SS e MN 

Register Now and Save! 

Yes, | would like to take advantage of your special, pre-registration rates. 

| plan to attend the following regional Personal Computing Show(s): 

LIPhiladelphia 
ClShow (two days) 
One day pass 

State & Zip 

Send to: Personal Computing, Conference & Exposition Management 

Co., Box 844, Greenwich, CT 06830. 

L1Boston 

ClShow (two days) 
L1 One day pass 
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Could this be the answer to the need for a generalized form to present programs? - 

ALGORITHMIC BASIC 
by Tom Allen 
P.O. Box 81 

Stevensville, MI 49127 

Ed. Note: Recently | received a long letter from Tom Allen, 
most of which is reproduced below. If readers have 
reactions to the ideas put forth by Tom, please write him 
directly or send your thoughts to me at Creative Computing 
— DHA. 

| read the letters to the editor and the “On Computer 
Languages” article in the Sept.-Oct. issue with a great deal 
of interest. It occurs to me that the question of the “proper” 
language for the Creative Computing context may be an 
example of confusing the medium and the message. After 
all, a particular program, written in a particular program- 
ming language, is only an implementation of a much more 
general solution algorithm. No well-designed algorithm 
depends on a specific language of implementation for its 
success. Moreover, it seems to me that a clearly-stated 
algorithm would be useful to a much wider group of 
potential users than would an implementation in some 
specific language. For instance, the primary language of the 
realm in which | currently reside is COBOL, in an RJE 
environment. So, in order to gain access to any of the 
programs you list in Creative, | have to extract the algorithm 
from the BASIC program, clean it up, and then implement it 
in COBOL. That's a'lotta work! 

By way of translating these thoughts into something 
constructive, | have a suggestion to offer. Perhaps Creative 
could include a regular monthly column featuring the 
algorithm underlying some program appearing elsewhere 
in the issue or a program of wide-spread interest. Since I've 
spent a little time thinking about this idea, let me share 
some of those thoughts with you. First, it's a half-baked 
idea; the part that's still raw is the question of what 
language or meta-language should (or could) be used to 
state the algorithm. Tho there is an historic precedent for 
the use of ALGOL, my personal opinion is that this is a case 
of the cure being worse than the disease. And І don't think 
the graphic flowcharting language isthe answer because of 
problems in trying to shoehorn a flowchart into an 82x11 
format for printing. It seems to me, however, that the so- 
called pseudo-language which the structured programming . 
boys have been fooling around with lately might just be 
the answer. Using this language invites the additional use 
of the top-down, structured approach to the design of the 
algorithm as an additional plus. Anyway, | think that the 
problem of a language for the statement of algorithms can 
be dealt with reasonably well. 

Getting algorithms out in the open so everybody can see 
them can produce another benefit as well. When the entire 
readership of Creative can see the algorithm, it then 
becomes possible for everybody to contribute to the 
refinement and generalization of an algorithm. As an 
example of this, l've been fooling around with a COBOL 
version of the Lunar Lander. Once | got the basic algorithm 
for the Lander out in the open, | began to see all sorts of 
extensions and generalizations that could be gotten almost 
for free with a suitable statement of a top-down, structured 

version of the algorithm. It also allowed me to “segregate” 
the physics behind the simulation in a very comfortable and 
understandable way. 
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The one facet of this idea which bothers me somewhat is 
a concern about the problems which the “typical” Creative 
reader/programmer might encounter in converting an. 
algorithm into the program. The syntactical structures 
available in such languages as COBOL, ALGOL, and PL-I 
lend themselves easily to the implementation of a top- 
down, structured algorithm. This is less true of FORTRAN, 
and even less so of BASIC. Moreover, if one is using BASIC 
in a minicomputer environment (where else?), it is often 
necessary to be "tricky," and parsimonious in one's coding - 
techniques so as not to exceed core limitations. Sometimes 
it's damn difficult to be both elegant and stingy! 

So there's the idea, for what it's worth. l'd be most 
interested in your reactions. | 

One last item: do you know of anybody whose got an 
algorithm of a good random number generator or an 
implementation thereof in a higher-level language — like 
COBOL, for instance. l'd sure rather get one ready-made 
than have to take the time to learn the theory necessary to 

develop one myself! | 

Ed. Note: On receipt of the letter above, I replied to Tom 
encouraging him to pursue the idea further and possibly 
work out an example or two. A few weeks /ater, | received 
his reply. 

l've been doing considerable thinking since | wrote you 
last about the problem of expressing algorithms in a way 

that would be appropriate for Creative Computing. lve 
worked out an approach that feels pretty good to me; I'd be 
very interested in your reactions. 
My approach grew out of the thought that, even tho there 

are segments of the Creative Computing readership that do 
not wish to write programs in BASIC, it is none-the-less 
probably true that close to 10096 of the readers can read and 
understand BASIC. Therefore, why not use a kind of 
"pseudo-BASIC"' as an algorithm language? 

After some experimentation, I’ve roughed out some of the 
properties and guidelines for a "psuedo-BASIC"' algorithm 
language. First, a major difference: no line numbers in 
pseudo-BASIC. Instead, l've gone to a section/paragraph 

structure very much like COBOL. This allows one to 
segment the logic blocks of an algorithm quite nicely andto 
name them in a very meaningful way. The scope of sections 
or paragraphs is just as in COBOL: the scope extends only to 
the next occurring section or paragraph name — no nesting 
of scopes. Statements which would normally take line 
numbers in their syntex (such as GO TO, IF... THEN...,and 
GOSUB) now take paragraph names. 

Secondly, I’ve confined my use of BASIC to a set of "care" 
statements—no extended or generalized statements. My 
feeling here is that clarity and immediate understandability 
are more important than economy of expression. 

I've also tried, insofar as it is reasonable, to adhere to the 
spirit of structured programming: по superfluous GOTOs or 
multiple exits from a sub-process. Finally, I’ve tried to make 
consistant use of indenting in the writing of an algorithm, to 
exhibit the nesting and sub-process structure of the 
algorithm. l've also gotten in the habit of using a non- 
standard variable “REPLY” for YES/NO type responses 



from a sub-process or the TTY—like a kind of special flip/flop 
arrangement. 

Rather than try to talk this thing to death, I’ve whipped up 
a few examples of the application of these ideas to some 
programs from previous issues of Creative Computing. 

This second example, an algorithm for NOT ONE, exhibits 
the power of an algorithmic approach. I've written the 
mainline algorithm (MAINLINE SECTION) in a rather 
general way. The number of rounds in a game is left open; 
the number of dice rolled and the number of sides on a die is 
left open; the identity of the two players is not assumed in 
the structure of the main algorithm. All of these game 
parameters are nailed down in the ALGORITHM-UTILITIES 
SECTION. Thus, the utilities section takes the form of 
"pluggable" modules which | can alter easily. | can, for 
instance, investigate the effect on the game of making 
PLAYER-1 the computer and PLAYER-2 the human—l 
suspect the human's strategy would change under these 
conditions. | could give the algorithm to a student in an 
introductory course in probability and ask him to supply the 
data array for the INITIALIZE-PLAYER-2-STRATEGY; an 
obvious test of his understanding would be to let someone 
else attempt to beat his program. All sorts of other 
approaches to a strategy leap to mind; to test them, we set 
up the program with your strategy as an automated Player 1 
and my strategy as an automated Player 2, and let the 
program run off a few hundred games — whose strategy is 
best? What does "best" mean: short range success, long 
range success, or something else? This is the kind chain- 
reaction investigation that so excites me about working 
with algorithms instead of a specific program. So many 
possibilities leap right out at you from a well-designed 
algorithm. 

In any event, that's where | have gotten t6 in the last few 
weeks. As | mentioned earlier, it feels pretty good to me, but 
it's difficult to be completely objective about one's own 
ideas; I'm looking forward eagerly to your reactions. There 
are a couple of aspects of my pseudo-BASIC that feel rough 
to me yet. One is the naming of variables — BASIC's 
convention is a little restrictive and, | think, tends to obscure 
the usage of a variable. The other area that has me really 
stumped right now is string handling and character 
manipulation. As a programming technique, BASIC's string 
variable machinery may be adequate (tho І personally have 
never felt comfortable with that approach) but the same 
machinery (at the language level, of course) for the 
statement of algorithms doesn't please me at all. 

By the by, before І forget: you may indeed consider me a 
volunteer to extract algorithms from any programs you 
might care to send along. In this regard, I'm already working 
on an algorithm for LUNAR LANDER and all of the related 
programs. It'll be a while on that one, tho, because | want to 
make sure I’m on firm ground with my physical model first. 
Also, don't drop STAR TREK on me right away — l'm not 
sure I'm ready for a trauma of that magnitude just yet! 
Otherwise, let 'er rip and we'll see what happens. 

If | can arrive at some sort of reasonable way to handle 
string variables in pseudo-BASIC, there are a couple of 
programs in my file that Га like to write up for publication. | 
wrote them initially a few years ago, but they need some 
cleaning-up and | don't have access to BASIC now so I'd 
have to develop them as algorithms. One is a program that 
generates "plots" for those horrible Japanese Sci-Fi 
movies that you see on TV in the wee hours of the morning. 
The other program came out of an interesting course in 
computational linguistics | took a few years ago. The 

. program takes Spanish words and separates them into 
-Syllables. Turns out that syllabification in Spanish is a very 
regular, well-defined process. 

| think I’ve about run out of gas for now; looking forward to 
. your reactions. 

Readers. it’s up to you. 

Example #1 — GUESS A NUMBER 
"Guess a Number” is a program in which the computer 

chooses a number and the user tries to guess it in as few 
tries as possible. The computer tells the user after each 

. guess whether it was high or low. 

Versions of the program have appeared in Creative 
Computing, Sep/Oct 1975 and Mar/Apr 1977 (see "A 
Musical Number Guessing Game” elsewhere in this issue), 
The Best of Creative Computing — Vol. 1, PCC, and What To 
Do After You Hit Return. 

MAINLINE SECTION. 
START-HERE. 

REM *** PRINT INSTRUCTIONS FOR GAME. 
GOSUB PRINT-INSTRUCTIONS 

GET-COMPUTER-NUMBER. 
REM *** COMPUTER "THINKS" OF A NUMBER, 
X 
LET X= INT (100 # RND( ))+1 
PRINT "OK, I HAVE A NUMBER. START GUESS- 
ING." 

HUMAN-GUESS. 
REM *** HUMAN MAKES A GUESS, G 
PRINT "WHAT IS YOUR GUESS?" 
INPUT G 

CHECK-GUESS. 
REM *** COMPARE GUESS TO TARGET 
IF G=X THEN GUESS-IS-CORRECT 
IF С V X THEN GUESS-IS-TOO-BIG 
GO TO GUESS-IS-TOO-SMALL 

GUESS-IS-TOO-SMALL. 
PRINT “ТОО SMALL, TRY A LARGER NUMBER." 
GO TO HUMAN-GUESS 

GUESS-IS-TOO-BIG. 
PRINT "TOO BIG, TRY A SMALLER NUMBER." 
GO TO HUMAN-GUESS 

GUESS-IS-CORRECT. 
PRINT "YOU GUESSED IT! LET'S PLAY AGAIN.” 
GO TO GET-COMPUTER-NUMBER 

PROGRAM-UTILITIES SECTION. 
PRINT-INSTRUCTIONS 

PRINT "HERE ARE PLAYING INSTRUCTIONS:" 

RETURN 

9 CREATIVE COMPUTING 

“It makes everything easy as 3.1415926 ... 
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Example #2 — NOT ONE 
“Not One” was originally presented in Creative Com- 

puting, Nov/Dec 1974 and Mar/Apr 1975, but is now 
available in 7he Best of Creative Computing — Vol. 1 (pp 
252-253). 

The game consists of 10 rounds. On each turn a player 
rolls a pair of dice from 1 to N times. His score is the total of 
all rolls, however, if any roll equals the first roll on that turn, 
the turn ends with a score of O. A more complete description 
can be found in the above references. 

MAINLINE SECTION. 
BEGIN-GAME. 

REM *** INITIALIZE PLAYER'S TOTAL SCORES. 
LET P170 
LET P270 

START-ROUND. 
REM *** A ROUND CONSISTS OF 1 TURN FOR 
REM *** EACH PLAYER; THERE ARE R1 ROUNDS 
REM *** INA GAME 
FOR R=1 to R1 
PRINT “ROUND”; R 

PLAYER-1-TURN. 
REM *** PLAYER'S FIRST ROLL ESTABLISHES 
HIS 
REM *** TARGET NUMBER; PLAYER CRAPS OUT 
REM *** IF ANY SUBSEQUENT ROLL HITS THE 
TARGET. 
GOSUB INITIALIZE-PLAYER-1-STRATEGY 

PLAYER-1-FIRST-ROLL. 
REM *** ESTABLISH PLAYER 1 
NUMBER. | 
REM *** TOTAL OF ROLL IS RETURNED IN T. 
REM *** NUMBER OF DICE ROLLED IS IM- 
MATERIAL 
REM *** AT THIS LEVEL OF THE LOGIC. 
GOSUB ROLL-AND-TOTAL-DICE 
LET T1=T 
LET S1=T 

PLAYER-1-SHOW-AND-TELL. 
REM *** PLAYER 1 IS TOLD THE RESULT OF . 
REM *** THE ROLL AND ASKED WHAT HE 
WANTS 
REM *** TO DO NEXT. 
GOSUB TELL-PLAYER-1-THE-RESULT 
GOSUB ASK-PLAYER-1-WHAT-NEXT 
IF REPLY = “STOP” THEN PLAYER-1-TURN-ENDS 

PLAYER-1-ROLLS-AGAIN. 
REM *** PLAYER 1 HAS ELECTED TO CONTINUE 
GOSUB ROLL-AND-TOTAL-DICE 
IF T-T1 THEN PLAYER-1-CRAPS- OUT. 
LET 51 = 51 +Т 
GO ТО PLAYER-1-SHOW-AND-TELL 

PLAYER-1-CRAPS-OUT. 
REM *** PLAYER 1 CRAPPED OUT; HIS SCORE 
REM *** FOR ROUND IS O. 
LET $1720 
GOSUB TELL-PLAYER-1-THE-RESULT 
GOSUB TELL-PLAYER-1-BAD-NEWS 

PLAYER-1-TURN-ENDS. 
REM *** PLAYER 1 HAS COMPLETED HIS TURN; 
REM *** UPDATE HIS SCORE. 
LET P1 =Р1 +51 

PLAYER-2-TURN 

TURN 
REM *** IS THE SAME AS FOR PLAYER 1. 
GOSUB INITIALIZE-PLAYER-2-STRATEGY 

TARGET 

THE ALGORITHM FOR PLAYER 2's 

MAR/APR 1977 

PLAYER-2-FIRST-ROLL. 
GOSUB ROLL-AND-TOTAL DICE 
LET T2- T 
LET S2=T 

PLAYER-2-SHOW-AND-TELL 
GOSUB TELL-PLAYER-2-THE-RESULT 
GOSUB ASK-PLAYER-2-WHAT-NEXT 
IF REPLY ="STOP” THEN PLAYER-2-TURN-ENDS 

PLAYER-2-ROLLS-AGAIN. 
GOSUB ROLL-AND-TOTAL-DICE 
IF T-T2 THEN PLAYER-2-CRAPS-OUT 
LET S2=S2+T 
GO TO PLAYER-2-SHOW-AND-TELL 

PLAYER-2-CRAPS-OUT. 
LET S2=0 
GOSUB TELL-PLAYER-2-THE RESULT 
GOSUB TELL-PLAYER-2-BAD-NEWS 

PLAYER-2-TURN-ENDS. 
PET P2 P252 

END-ROUND. 
GOSUB PRINT-SCORE-FOR-ROUND 
NEXT R 

END-OF-GAME. 
GOSUB PRINT-GAME- SCORE 
STOP 

ALGORITHM-UTILITIES SECTION. 
INITIALIZE-PLAYER-1-STRATEGY. 

REM *** LET PLAYER 1 INITIALIZE HIS OWN 
STRATEGY 
RETURN 

ROLL-AND-TOTAL-DICE. 
REM *** ROLL 2 DICE, PASS TOTAL THROUGH 
VARIABLE T. 
LET D1 = INT (6 * RND())* 1 
LET D2 = INT (6 * RND())* 1 
LETT-D1-*D2 
RETURN 

TELL-PLAYER-1-THE-RESULT 
PRINT T 
RETURN 

ASK-PLAYER-1-WHAT-NEXT. 
PRINT "STOP OR ROLL AGAIN?” * 
INPUT REPLY 
RETURN 

TELL-PLAYER-1-BAD-NEWS. 
PRINT “YOU GETA FERO FOR THIS ROUND.” 
RETURN 

INITIALIZE-PLAYER-2-STRATEGY. 
REM *** LOAD PROBABILITY VECTOR 
RESTORE 
FORI=2TO12 
READ 2(1) 
NEXT I 
RETURN 

TELL-PLAYER-2-THE-RESULT. 
RETURN 

ASK-PLAYER-2-WHAT-NEXT. 
LET Z (12) = Z (T2) - 1. 
IF Z(T2) 1 THEN PLAYER-2-STOPS 
PLAYER-2- GOES- AGAIN. 
LET REPLY - "GO" 
GO TO ASK-PLAYER-2-EXIT 

PLAYER-2-STOPS. 
LET REPLY = "STOP" 

ASK-PLAYER-2-EXIT. 
RETURN 

TELL-PLAYER-2-BAD-NEWS. 
RETURN & 



Add a Kluge Harp 
to Your Computer 

Carl Helmers 

One of the most interesting computer applications is 
that of electronic music. This is the use of 
software/hardware systems to produce sequences of 
notes heard in a loud speaker or recorded on magnetic . 
tape. The idea of generating music — if well done — is of 
necessity complex. If | want to put my favorite Mozart 
piano sonata into an electronic form, l'd have to record a 
very large number of bits in order to completely specify the 
piece with all the artistic effects of expression, dynamics, 
etc...The magnitude of the problem can be intimidating. 
But, never let a hard problem get in the way of fun! Simplify 
the music problem to one channel of melody, and you can 
use a virtually bare CPU with a very simple peripheral to 
play music.* The combination of the CPU with this simple 
peripheral is what | call the "Kluge Harp" — a quick and 
dirty electronic music kluge. 

| invented this electronic music kluge to answer a 
specific problem: | had just gotten a new Motorola 6800 

+ 

Reprinted with permission from Byte, Vol. 1, No.2. Copyright 1975 by Byte 
Publications, Inc., Peterborough, N.H. 03458 

Michael Gipe 

Control Panel | d 

Control Panel Interface 

The Kluge Harp peripheral and the KLUGEHARP program were 
concocted in order to test out a Motorola 6800 system's operation. This 
photo shows a test bench mounting of the three main cards and control 
panel. 

system's CPU, memory and control panel up and running. 
The next problem (since | wasn't using the Motorola ROM 
software) was to make a test program which could be 
loaded by hand. By combining a little imagination, my 
predilections for computer music systems and an evening 
getting the whole mess straightened out, the Kluge Harp 
resulted. While the program and schematic are specific to 
the system | was using, the idea can be applied to your own 
system just as well. 

The Kluge Harp Hardware 

The hardware of a Kluge Harp is simplicity at its 
essence. The peripheral is driven off two "un-used" high 
order address lines (| used A14 and A13), and consists of a 
set-reset flip flop. A program running in the computer 
alternately will set and reset the flip flop by referencing 
one or the other of two addresses. These addresses are 
chosen so that the address lines in question will change 
state, actuating the set or reset side of the flip flop. A 
"note" at some pitch consists of a delay loop in the 
program followed by instructions to change the state of 

. Backplane Interconnections 

un 

CPU and Buffers (M6800) 

KLUGEHARP Peripheral 

The Kluge Harp peripheral, such as it is, isthesingle isolated wire wrap 
socket in the foreground, with wires dangling from connections on the 
CPU card. 
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Fig. 1. The Kluge Harp Circuit ... minus computer. 

the flip flop. Since the same count is used for the two 
halves of a complete cycle of the note, this will produce a 
perfect square wave. The actual music program organiza- 
tion is a bit more complex and is described in detail below. 

Fig. 1 illustrates the hardware as implemented in my 
system. The 7437 circuit is used to form the NAND gate flip 
flop. This flip flop in turn drives a parallel combination of 
the two remaining 7437 gates, acting as a buffer. The 
output of this buffer is used to drive the speaker; an 8 Ohm 
о" speaker produced more than adequate volume. (A 100 
Ohm resistor in series will limit the volume level to spare 
the ear drums.) 

Generating Music With Program Loops 

Fig. 2 illustrates the basic concept of the one-channel 
music generator, expressed in a procedure-oriented 
language for compactness. The main program loop 
begins at line 2 of the listing — “DO FOREVER” means 
repeat over and over again all the lines of code down 
through the “END” at the same margin, found at line 17. 
This is the main loop used to cycle through the SCORE 
stored at some point in memory as pairs of note 
selection/length data bytes. 

Lines 3 to 4 compute the “next” pointer to the SCORE — 
incrementing NOTER by 2. Then LNGTH is set equal to 
the second byte of the current pair, SCORE (NOTER-*1). 
The length codes are taken from Table | along with note 
codes when you set up a SCORE, and represent a fixed 
interval of time for the note in question, measured as the 
number of cycles. 

Line 6 begins a note length loop which extends to line 
14. This "note length" loop repeats the generation of the 
note a number of times indicated by the length code just 
retrieved. The note generation is accomplished by 
delaying a number of time units (CPU states) set by the 
pitch code found at SCORE (NOTER), then changing the 
state of the output flip flop and repeating the process. The 
loop at lines 8-10 counts down the pitch code and has a 
fixed delay multiplied by the pitch code to give the time for 
one half cycle of the desired frequency. Lines 11 to 15 
change the state of the Kluge Harp output device (0 to 1, 1 
to 0) — remembering in the software location IT what the 
previous state was. 

Generating Codes 

Table 1 is a reference table of 21 notes "roughly" spaced 
at equal intervals on the well tempered scale. The integer 
numbers in the "divide ratio" column were determined 
using the prime number 137 as an arbitrary starting point 
and calculating the integer closest to the result of the 
following formula: 

(In(137)*n In(2)/12) 

Where e is the usual mathematical number 2.717 ... and the 
natural logarithm of x (base e) is indicated by In(x). This is 
the standard mathematical calculation of the musical "well 
tempered" scale — the 8-bit approximation used by the 
Kluge Harp is not perfect by any means, but comes close 
enough for the purposes of this project. 

е 
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п divide hex note Note Length Codes (second byte of pair) 
ratio code 1 2 4 6 8 16 32 

-10 77 4D 19 32 64 96 C8 — — 

-9 81 51 18 30 60 90 CO -— — 

-8 86 56 17 20 БА 87 в4 — — 

-7 91 5B 16 2B 56 81 AC — — 

-6 97 61 14 29 51 7A А2 ЕЗ = 

-5 102 66 13 27 4D 74 9A E7 — 

-4 108 6C 12 25 49 GE 92 DB — 

-3 115 73 11 23 43 68 8A ЄР — 

-2 122 7A 10 21 41 62 82 C3 -— 

-1 129 81 10. ТЕ -3E 5D 7C BA F8 
0 137 89 OF 1D 3A 57 74 AE E8 

1 145 91 OE 1С 37 53 6E A5 DC 

2 154 9А OD 1A 34 4E 68 9C DO 

3 163 A3 OC 19 31 4A 62 93 C4 

4 173 AD OC 18 2F 47 5E 8D BC 

5 183 B7 OB 16 2C 42 58 84 BO 

6 194 C2 OB 15 2A 3F 54 7E A8 

7 205 CD OA 14 28 3C 50 78 AO 

8 217 D9 09 13 25 38 4A 6F 94 

9 230 E6 09 12 23. 35 46 69 8C 

10 244 F4 08 11 21 32 42 63 84 

Table |. Kluge Harp Synthesizer pitch/length specification codes (HEX). 

6800 6800 

Address Value Address Value 

FCOO 9A34 FC40 5B56 

FCO2 9A34 FC42 5B56 

FCO4 9A34 FC44 5B56 

FCO6 9A34 FC46 5B56 ; 

FCO8 9A34 Note 1 FCA8 5856 Note 8 

FCOA 9A34 FCAA 5B56 

FCOC 9A34 FCAC 5856 

FCOE 9A34 FCAE  5B56 

FC10 7A41 FC50 664D 

FC12 7A41 Note 2 FC52 664D Note 9 

FC14 7A41 | FC54 d 

FC16 7A41 ЕС56 6640 

ЕС18 664D FC58 4064 

FC1A 664D Note 3 FC5A 4064 Note 10 

FC1C 664D ЕС5С 4064 | * 

ЕСТЕ 6640 FC5E 4064 

FC20 A331 FC60 664D. 

FC22 A331 FC62 664D 

FC24 A331 Note 4 FC64 = Note 11 

FC26 A331 FC66 664D 

FC28 A331 

FC2A A331 FC68 7343 — Note 12 

FC6A 664D — Note 13 

FC2C 9A34 — Note 5 FC6C 7343 — Note 14 

: FC6E 7А41 — Note 15 
FC2E 893A — Note 6 FC70 7343 — Note 16 

FC30 9A34 FC72 7A41 

FC32  9A34 FC74 7А41 

FC34  9A34 ЕС76 7А41 

FC36 9A34 Note 7 FC78  7A41 Note 17 

FC38 9A34 FC7A 7А41 

FC3A 9A34 FC7C 7А41 

FC3C 9A34 FC7E 7A41 

FC3E 9A34 FC80 (end pointer points here) 

Table 11. WOLFGANG: Set the content of SCORE in 
memory to the codes in this table — given for the 
addresses of the M6800 program version — and 
KLUGEHARP will play four bars from the classical 
period. 

NOTE: This program is simpleminded and not at 
all optimized. As a challenge to readers, figure out a 
way to make the notation more compact yet 

preserving the total length of each note. 



Address 

F800 
F801 
F802 
F803 
F804 
F805 
F806 
F807 
F808 
F809 
F80A 
F80B 
F80C 
F80D 
F80E 
F80F 
F810 
F811 
F812 
F813 
F814 
F815 
F816 
F817 
F818 
F819 
F81A 
F81B 
F81C 
F81D 
F81E 
F81F 
F820 
F821 
F822 
F823 
F824 
F825 
F826 
F827 
F828 
F829 
F82A 
F82B 
F82C 
F82D 
F82E 
F82F 
F830 
F831 
F832 
F833 
F834 
F835 
F836 
F837 

KLUGEHARP: 

DO FOREVER; 

NOTER = NOTER + 2; 

IF NOTER = NOTEND THEN NOTER = NOTESTART: 
LNGTH = SCORE(NOTER+1); /* SECOND OF TWO BYTES */ 
DO FORI = LNGTH TO 1 BY —1; 

PROGRAM; 

PITCH = SCORE(NOTER); /* FIRST OF TWO BYTES */ 
DO FOR J = PITCH TO 1 BY —1; 

/* COUNT DOWN THE PITCH DELAY */ 
END; 

IT = IT + (—127); /* SWITCH SIGN BIT OF IT */ 
IF IT ОТНЕМ 

SETLOC = 0;/* SET FLIP FLOP WITH MEMORY REF */ 
ELSE 

RESETLOC = 0; /* RESET FLIP FLOP WITH REF */ 
END; 

END; 

CLOSE KLUGEHARP; 

Data Label 

KLUGEHARP: 

3: 

4: 

NOTEND: 

NOTESTART: 

5: 

LENGTH: 

6: 

FLOOP: 

11: 

T 

16: 

Opcode Operand 

LDX NOTER 

INX 

INX 

STX NOTER 

CPX ZNOTEND 
(last address of 

SCORE plus 2) 
BNE 

9r 

LDX ZNOTESTART 
(first address of 

score...) 

STX NOTER 

LDX NOTER 

LDAB 1,X 

DECB 

BNE 

ОЗ 

JMP KLUGEHARP 

LDAA 0,X 

DECA 

BNE FLOOP 

*+2-3 

LDAA #80 
(-127) 

ADDA IT 

BMI 

*+2+5 

СІВ SETLOC 

(address with bit 14 off...) 

BRA 

*4243 | 

CLR RESETLOC 

(address with bit 13 off...) 

STAA IT 

JMP LENGTH 

48 

Fig. 2. The KLUGEHARP program specified in a 
procedure-oriented computer language. 

Data assumed by KLUGEHARP: 
NOTER: 16-bit (two-byte) address value. Initialize to 
point to the address of the first byte of SCORE. 
SCORE: An array of data in memory containing the 
code sequence of the music (see Table 1). Initialize 
with the music of your heart's desire or use the 
example of Table lI. 

NOTEND: 16-bit address value, the address of the 
last byte of SCORE (must be an even number). 
NOTESTART: 16-bit address value, the address of 
the first byte of SCORE (must be an even number). 
SETLOC: An unimplemented address location 
which if referenced turns off one bit among the high 
order address lines, bit 14 in the author's case. 
RESETLOC: An unimplemented address location 
which if referenced turns off one bit among the high 
order address lines, bit 13 in the author's case. 
Data used but not initialized: 
LNGTH 
PITCH 
IT 
IJ 

Add 2 to location in score 

by incrementing and then 

saving 16-bit new address 

compare against immediate 

Skip if not atend... 

otherwise recycle 

save in either case... 

This is superfluous! 

Skip if length remains... 

Restart piece 

Fig. 3. Motorola 6800 Code for KLUGEHARP 
program. 

Data allocations for KLUGEHARP: 
ЕАОО-ЕАО1 = Current pointer to SCORE, NOTER, 
which should be initialized to FCOO before starting 
the program. 
FAQ2 = before starting the program. 
FAO2 = IT — an arbitrary initialization will do. 
FAOS-FFF7 = memory area available for SCORE — 
the example uses FCOO to ЕСТЕ and puts the 
relevant initializations into locations F809-F80A 
(NOTEND) and F80E-F80F (NOTESTART). 

Note: In the label column, the numbers followed 
by colons (e.g., “6:”) are used to indicate correspon- 
ding places in the high level language version of th 
program of Fig. 2. : 

in the system for which this program was written, 
all active memory is found at addresses F800 to 
FFFF. Thus for all normal program activity, bits A14 
and A13 at the back plane of the system are logical 
"1". When the location SETLOC (B000) is cleared, 
the high order address portion changes and bit A14 
goes to negative for a short time, setting the Kluge 
Harp flip flop. When the location A13 is cleared 
(D000) оп ап alternate cycle, address bit A13 goes to 
logical 0 for a short timer resetting the Kluge Harp 
flip flop ... 

CREATIVE COMPUTING 



The length count columns are determined based upon 
the assembly language generated code for this routine, so 
that for each pitch, the corresponding length count 
column will measure a nearly identical interval of time. The 
formula is: 

Lcp=time / (oh + dt#pcn) where: 

Len=nth length count. 
time is the total number of states for one “beat” of the 
music (e.g., the shortest note). 
oh is the overhead of the length counting loop. 
dt is the number of states the pitch count innermost loop. 
pcn is the pitch count for the nth frequency. 

Table | shows the divide ratio in decimal, a hexadecimal 
equivalent note pitch code, and seven columns of 
hexadecimal length codes weighted to 1, 2, 4, 6, 8, 16 and 
32 unit intervals of time. A note is placed in the score by 
picking a note code, putting it in an even numbered byte, 
then placing a length code from the same line of the table 
in the odd numbered byte which follows it. The actual 
pitches you'll get from these codes depend upon the 
details of the algorithm in your own particular computer 
and the clock rate of the computer. For the 6800 system on 
which Kluge Harp was first implemented, the lowest note 
(code F4) is approximately 170 Hz with a 500 kHz clock — 
and the unit interval of time is approximately 2000 CPU 
states or about 4 milliseconds. 

The hand assembled M6800 code for the KLUGEHARP 
program is listed in Fig. 3. The mnemonics and notations 
have been taken from the Motorola M6800 Microprocessor 
Programming Manual available from the manufacturer. 

While not the greatest musical instrument in the world, 
the Kluge Harp represents an interesting and challenging 
diversion. The program presented here is by no means the 
ultimate in music systems — and can serve as a basis for 
further experimentation апа elaboration. Some 
challenges for readers: modify the program to change the 
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frequency of the notes without changing the SCORE data; 
write another (longer) music program which only 
specifies the pitch code/length information once — and 
represents the score as a series of one-byte indices into 
the table of pitch code/length information. : a 

pae— AT ——_—_____________ 

—>}<— At —ee— At — At —»| 

Al4 LINE 

CLR SETLOC 
INSTRUCTION 
EXECTED 

Al3 LINE 

© ok 

CLR RESETLOC 
INSTRUCTION 
EXECUTED 

Fig. 4. Timing of the Kluge Harp Output Waveform. A tis the amount of 
time spent in the inner loop, andis set by choice of pitch codes. А Тіѕіће 
length of the note, measured as a count of half cycles at its frequency. See 
Table | for a consistent set of length codes. i 
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Music Dream Machines: 
New Realities for Computer-Based 

Musical Instruction 

by 
Fred T. Hofstetter” 

Even though it is stilla technological infant, the computer 
has emerged as a powerful medium with the potential of 

_ solving some of the most complex problems faced by today's 
music educators. Courses of study in computer technology 
аге now a common part of the graduate music curriculum. 
The growing membership of the National Consortium for 
Computer-Based Musical Instruction indicates that a 
concerted effort is under way to realize the potential of 
computers in the music classroom. Moreover, the fact that 
the Norlin Music Company, which makes Moog syn- 
thesizers, Lowery organs, and Gibson guitars, is manufac- 
turing a stand-alone music education system using 
minicomputer technology indicates that a major trend in 
music education may be under way. 

At least twenty university music departments have 
initiated major developmental programs to produce 

computer-based musical materials (Jones, 1975). 
Preliminary reactions to these materials have been 

overwhelming. Teachers like them; students like them; and 
researchers like them. 

The classroom music teacher faces many logistical 
problems. A well-planned presentation usually involves the 

use of several media, such as records, tapes, slides, 
transparencies, and duplicated handouts. The physical 
preparation of these materials, as well as the actual 
manipulation of them during class, canbe cumbersome and 

. time-consuming for both teacher and student. The teacher 
can encounter difficulties in procuring desired materials for 
the presentation, and unless time is taken to locate the 
material, the students have to settle for a second-rate 
presentation. Students remember many occasions when 
valuable class time was lost while the teacher tried to find 

_ theright place on a record or a tape in order to play a musical 
example. 

If a musicteacher were asked to state the requirements of 

a classroom presentation "dream-machine,'" the response 
would be a device capable of displaying musical notation, 

showing slides, playing recordings, and maybe even 
generating some new examples for aural training. Such a 
machine was dreamed about in the 1960's by Professor 
Donald Bitzer (1961) at the University of Illinois. He made it 
a reality; it is called PLATO, and it is now a product of the 
Contral Data Corporation (1976). PLATO is a comprehen- 
sive computer-based education system which has been 
used in over seventy-one subject areas, and a variety of 

special presentation devices are available in different 
subjects. 

*The University of Delaware, Newark, DE 

50 

For all subjects there is a basic PLATO display unit which 
contains a screen upon which graphics (like musical 

notation) can be drawn, a random-access microfiche 
projector which can show slides on the screen, a typewriter 
keyboard through which one can communicate with the 
computer, and a touch panel which allows students to 
answer questions by touching pictures or words on the 

screen. Two special devices are used in music programs. 

One is a random-access audio device which can play any 
segment of a pre-recorded magnetic audio disk, and the 

other is a four-voice synthesizer which can be played by the 
computer. All of these components combine to produce a 

single machine which can display musical notation, show 
slides, play recordings, and generate new aural examples. 

Figure 1. PLATO terminal with microfiche slide projected on the display 

screen. On top of the terminal is a random access audio unit, and the small 
box on top of that is the 4-voice synthesizer. 
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One of the greatest benefits of 
computer-based education is the 
return of personal warmth to the 
classroom made possible by releas- 
ing the teacher of mechanistic 
duties. 

A super-medium like PLATO can put an end to the 
problems of finding the right materials because vast 
numbers of recorded examples, slides, and visual displays 
can be stored and randomly accessed at a split-second's 
notice in the computer. Because it has the ability to present 
visual displays, play aural examples, ask students 
questions, record student responses, and interact with 

students on the basis of their responses, the computer is an 
ideal medium for drill and practice. Due to the limited 
amount of time the teacher spends with students in the 
classroom, it is difficultto maintain a good balance between 
concept development and drill-and-practice activities. In 

trying to meet course objectives by their intended 
deadlines, teachers realize that their students often do not 
get enough practice. Teachers also know that when they 

devote time to classroom drills, the individual differences 
among students create an environment in which some 

students are bored because they have already mastered the 
material, and others are hopelessly lost because the 

exercises are too difficult for them. It is now possible to take 
drill-and-practice out of the classroom and have it done in 
the computer laboratory where each student receives an 

individualized course of study based on the student's 
personal learning needs. And by means of the data keeping 
facilities of the computer, the teacher can get periodic 
reports on the progress and special problems of each 
student. 
When drill-and-practice is done in a self-paced 

computer-based environment, learning is more efficient. 
Class time formerly devoted to drills can be spent in concept 
development and in more creative aspects of music. The 
role of the teacher becomes more human. Mitzel (1972) has 
noted that one of the greatest benefits of computer-based 
education is the return of personal warmth to the classroom 

made possible by releasing the teacher of mechanistic 

duties. 

The greatest proponents of computer-based musical 
instruction are the students themselves. It has been 
demonstrated that with the aid of the computer they can 

increase their musical sensitivities, make higher grades, 
spend less time completing course requirements, and 

rediscover the intrinsic joy of learning. Illustrations of these 

——Émn—€—M——Ó€—ná—í—T ÜÓíá—ÁÀn—TÀ— 

TABLE 7 
Summary of Student Scores in a Computer-Based 

Program for Improving Articulation, Phrasing, and Rhythm 
of Intermediate Instrumentalists 

Group Listening Performance 
Averages Test Means Test Means 

Pre-Test | 
(N=25) 62.8% 38.8% 

Post-Test 
(N=25) 92% 94% 

Gains 30% 55 2% 

E сыы соо EE S A E реча Чаа чао E O A E e e ы А 
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attributes can be seen in several schools throughout the 
country. At Penn State University, Diehl (1971, 1973) 
demonstrated that students can develop more sensitivity 
and accuracy in the recognition and performance of. 
articulation, phrasing, and rhythm. An experiment was set 
up in which 25 junior high school students who had taken 
private woodwind or brass study for at least three years 

were tested on their sensitivity and ability to perform 
articulation, phrasing, and rhythm. After this pre-test they 
participated in a five-week computer program in which an 
IBM 1500 computer was used to display musical notation, 
play pre-recorded musical examples, and ask questions 
about the articulation, phrasing, and rhythm of the musical 
examples. The students used the computer one hour each 

week. At the end of the five-week program, the students 
were given the test again. Table 1 gives the mean test 
scores for the pre-and post-tests. It is interesting to note 
that the computer led to a 5596 gain in the students’ abilities 
to perform music. uem 

At the University of Delaware, a computer-based ear- 
training system has led to significant improvement of 
instruction in core music theory courses. Ear-training 
students are scoring a full letter-grade higher than they did . 
before. The system is called GUIDO (Hofstetter, 1975), 
named after the eleventh century monk and music educator 
who invented the staff and the solfeggio syllables do, re, mi, 
fa, sol, and /a. GUIDO is a acronym for Graded Units for 
Interactive Dictation Operations. These units are stored in 
the computer, and they contain a complete curriculum for 

aural drill-and-practice in intervals, melody, harmony, 
rhythm, and chord-qualities. GUIDO is being implemented 
on a variety of computers. To date, its best operating 
environment is on the PLATO system, because PLATO's 
touch-sensitive display screen makes it possible to run the 

program by merely touching musical symbols on the . 
screen. lt is not necessary to type on the keyset. 

Figure 3 shows a sample display from the intervals - 
program. By studying this display the basic features of the 
GUIDO system can be understood. At the top are two rows 
of boxes which contain the names of musical intervals. — 
When the student wants to hear an interval, all he has to do 
is touch one of the boxes. When he does, the box lights up 
and the interval designated by the box is played by the 
computer-controlled synthesizer. Conversely, when the 

student is going through one of GUIDO's formal units, the 
computer plays an interval, and the student responds by 
touching the box which contains the interval he thinks was 

played. 

Figure 2. Professor Ned Diehl observes a clarinet student using the Penn - 
State Instrumental Music System. 



: e Total 

o Intervals 

Figure 3. Touch-Sensitive Display from the GUIDO Ear-Training System. 

Underneath the interval names are three columns of 
teacher or student control boxes. These boxes are used to 

control the way in which dictation is given. The teacher can 
preset them for the students, or the teacher can allow the 
students to set them at will. The first column of boxes allows 

. for the intervals to be played as harmonic, melodic down, or 
melodic intervals up and down. The second column gives 
the option of being able to fix the top or bottom note of the 
intervals, or to have them selected at random. The box 
marked “‘intervals’’ allows the student to eliminate 
intervals from the boxes at the top of the screen, sothat only 
some of the intervals will be played. In the third column of 
boxes the student can select compound or simple intervals, 
сап have an interval played again, and can change the 
length of time the intervals last. Finally, there is a keyboard 
at the bottom of the screen. When intervals are played in 
formal units one of the notes of each interval is shown on 
the keyboard, and the student is asked to touch the other 
note played in the interval. In this way, students are quizzed 
on the spelling as well as on the aural recognition of 
intervals. 

In addition to liking computers because they make 
-= learning more efficient and improve grades, students like 
the interactive help which the computer gives them in 
analyzing music. One example is the combination of tutorial 
and analytical programs being developed on PLATO by 
Wittlich (1976) at Indiana University. These programs are 
based on set theory, the analytical procedures defined by 
Allen Forte (1973) for describing the pitch organization of 
atonal music. Wittlich is writing programs to teach music 
fundamentals using pitch class concepts of set theory. 
Topics include the definition of set, normal form, numerical 

set, transposition, simple inversion, inversion relative to 
zero, transposed inversion, interval class, and interval 

vectors, А very time-consuming part of set theory is the 
computation of normal form, interval vector, and set name 
for each pitch set. In fact, many people do not use these 

procedures because of the time involved. James Trueblood, 
a former Indiana student and now a programmer at 
Delaware, has written a program which allows the student 
to type in the pitch set using either letters or numbers, and 
then, in less than .3 second, the normal form, vector, and 
set name are shown on the display screen. 

Figure 4 contains a sample display from the set-theory 
program. In the middle of the display can be seen where the 
computer asked for a pitch set. After the studenttyped in C£ 
Eb G B, the computer immediately responded with the rest 

of the display which shows that the normal form is O 2 4 8, 
the interval vector is O 20301, andthe pitch-class name is 
4-24 (12). 

The computer-based music educa- 
tion system can present visual and 
aural stimuli, record responses, and 
perform data analysis in опе 
automatic process. 

Students also like the control which the computer gives 
them in writing compositions for electronic music syn- 
thesizers. Instead of struggling with dials, switches, and 

patch cords, the students can write computer programs 
which automatically control the synthesizer and create 
desired sounds with much less effort. In this way students 
can concentrate more on the organization and meaning of 
their music. An example of this application is the lowa State 

Computerized Music System (ISMUS), developed under the 
direction of Gary White. This system allows students in 
music, computer science, and engineering to interact in the 
creation of musical compositions played on an ARP 
synthesizer under the control of a PDP-8 minicomputer. 

The last and most obvious reason why students like 
computer-based education is because it is just plain fun. 

Even the circle of fifths can be fun. Figure 6 shows the 
display screen of a game developed under the direction of 
Professor David Peters (1976), head of the PLATO muisc 
project at the University of Illinois. Named "Keyspinner," 
this game calls for two players. The display consists of the 
circle of fifths with a needle or "spinner" inside it. The 
players take turns spinning the needle, and when it stops on 
a key signature (e.g. 5 sharps), the player has to identify the 
key of that signature (in this case B) as soon as possible. The 
computer keeps track of how long it takes for each player to 
answer correctly, and the player with the best score wins. 

Musicians have also found the computer to be a powerful 
tool for pedagogical and experimental research. In the past 
attempts to measure the effectiveness of instructional 
strategies and the nature of musical learning have been 
hampered by the need to use manual techniques for saving 
and recording data. The amount of time which this requires 
per subject has resulted in the use of small populations 
when large populations would have been desired, and it has 
limited the number of experiments which music educators 
have been able to do. Of course, computers have been 
around for quite some time, and musicians have been using 
them to analyze data. What is different is that whereas in 
the past experimenters hadto present stimuli and manually 

record and encode responses for data analysis, now the 

Shifted 11 en лез pee 

__ List your set using letters or numbers: us 

cece _ 7 

eet name: 4-24(12) 

vet ‘list: 8248 

іт vec: 828381 : 

Figure 4. Sample display from Jim Trueblood's set theory program 
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Figure 5. Professor Gary White (seated) composing on the lowa State 

Computerized Music System 

computer-based music education system can present 
visual and aural stimuli, record responses, and perform 
data analysis in one automatic process. This means that the 
amount of experimentation can be greatly increased. It 
means that music educators can spend more time asking 

questions, and less time shuffling papers. 

Another advantage is the exact control which the 
computer has over the sound source. If the researcher 

wants to play a sawtooth wave at 50 db for .3 second, he can 
accomplish this by giving the computer a few simple 
instructions. This immediate, precise control of the sound 
source reduces the time needed to set up an experiment, 
and it guarantees that during the course of an experiment 
there will be no unintentional variation of the sound source 

which could bias the results. 
To date, the best example of the use of a computer-based 

music education system for experimental research is the 
study of harmonic and melodic interval recognition 
conducted at Stanford by Killam, Lorton, and Schubert 
(1976). Using a PDP-10 computer, a model 33 KSR teletype, 
and a computer-controlled Thomas model 145 solid-state 
organ, a system was designedto play intervals, ask subjects 
for the names of intervals played, and record their 
responses. Six sets of intervals were played for each of 
fifteen subjects. One set consisted of 48 harmonic intervals 
played for .2 second. The second set consisted of 48 
ascending melodic intervals played for .2 second. The third 

ИШЕНЕ ИНОН НЕННЕ 

ТАВІЕ 2 

Confusion Matrix Summary for Modes of Presentation 
in the Stanford Study of Interval Recognition 

Most Frequently Used Wrong Answers 

: Stimulus Simultaneous Ascending Descending 

m2 M2 M2 M2 
M2 m2 m3 m2 
m3 M3 M3 M3 

M3 m3 m3 m3 
P4 M3 & P5 P5 P5 
T m3 & M7 P4 P4 
P5 P4 P4 P4 
m6 P4 P4 M6 
M6 m6 m7 m6 
m7 M7 M7 & M6 M7 
M7 T m7 m7 
P8 M7 M7 P5 
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set consisted of 48 descending melodic intervals played for 
.2 second. The fourth, fifth, and sixth sets were the same as 
sets one, two, and three except that they were played for 

- only .1 second. Within each set, intervals were selected at 
random, and they ranged in size from a minor second to a 
perfect octave. 

The results of this study showed that some beliefs on 
which teaching methods are based may be myths. First of 
all, when students encounter difficulty in hearing intervals 
in classroom dictation drills, one of the first techniques the 
teacher will try is slowing down the speed of dictation. 
However, in this study there was no significant difference in 
student performance when intervals were played for .1 
second, when the average correct recognition was 76%, or 
for .2 second, when the correct recognition was 77%. 
Second, it is commonly believed that the perfect octave is 
extremely easy to recognize, that it is such a "sure thing" 
that little class time needs to be spent studying it. In the 
Stanford experiment, however, it was shown that the 
perfect octave is not such a sure thing. In fact, it was missed 
an average of 1296 of the time. Moreover, seven subjects 
found the octave more difficult to recognize than some . 
other interval. Finally, the study showed that there are 
differences of recognition related to the mode of presenta- 
tion used. Table 2 contains a confusion matrix summary for 
modes of presentation. In this table it can be seen that the | 

most frequently used wrong answers vary as a function of 
mode of presentation. For example, whereas the subjects 
confused the minor sixth (m6) with the perfect fourth (p4) in 
simultaneous and ascending intervals, they confused it 
more often with the major sixth in descending intervals. 

Information about student learning patterns is needed by 
writers of textbooks so that their materials can be presented Ž 
in the best order, by teachers so that they can deal more - 
effectively with their students, and by the students 
themselves so that they can be aware of and try to avoid. 
common pitfalls of musical perception. With the emergence 
of the computer-based music education system a com- 
prehensive body of knowledge about musical learning will 
be obtained whereby these needs can be fulfilled. | 

It has been shown how computer-based techniques are 
improving music education for the teacher, the student, and 
the researcher. They have generated such wide-spread 
interest that vendors are beginning to market programs for 
music instruction. It was mentioned that the Norlin Music 
Company is manufacturing the first stand-alone music 

education system. It is doubly encouraging to see this - 
support from vendors at a time when the cost of computer 
hardware is rapidly decreasing. One does not need to go out 

: i ted 
T the MAJOR key for the signature indica 

e the apinnner. Then press NEXT immediately! 

Use "-* for flat and "+" for sharp. 

Example: for ВР type b=, for Fe type f+. 

- You have 18 counts to select the correct answer. 

78 6p 6p 7 

Figure 6. Display of the Keyspinner game developed by Professor David 

Peters at the University of Illinois. 



оп a limb to predict that broad-based implementation of 
computer-based musical instruction will occur before the 

end of the next decade. E 
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A Computer Music System 
for Every University: 

The Dartmouth College Example 

by 
Sidney Alonso* 

Jon H. Appleton 

Cameron Jones 

It has become clear in recent years that the future of 
musical performance, composition, distribution and in- 
struction is increasingly dependent on technology. These 
developments have expressed themselves at Dartmouth 
College where there has been a decade of activity in the 

composition and performance of electronic music, as well 
as a tradition of computer-assisted instruction in many 
areas, recently including music. 

The last few years have also witnessed startling and rapid 
advances in digital electronics technology enabling com- 
puter methods to be applied inexpensively to many 
phenomena of the "continuous world" which were 
formerly the province of analog technology. Research in 
this area has been carried on for some time in the Computer 
Hardware Laboratory of the Thayer School of Engineering 
and at the Kiewit Computation Center at Dartmouth 
College. - 

The history of the relationship between music and 

technology has been well documented, most recently in an 
article entitled "Computers and Future Music" by 

- Mathews, Moore and Risset (Science, Vol. 183, No. 4122, 
1974). This article describes the development of a digital 
synthesizer that was built and is being used at Dartmouth in 
the instruction, composition and performance of music. The 
actual design and construction, as well as the use of the 
system, is the result of the convergence of curricular needs 
and was accomplished through collaboration of the music 
department and the engineering school. 

Analog synthesizers had been used almost exclusively in 
the composition and performance of electronic music and 
the situation at Dartmouth was no different. However, 
because there had been significant activity in this musical 

-* Dartmouth College, Hanover, NH 03755. 
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genre at Dartmouth, it was natural that interest in digital 
synthesis should manifest itself because of the greater — 
control it affords the composer. At the same time it was 
recognized that the traditional approach to digital synthesis 
(Music V, Music 360, etc.) did not satisfy the compositional 
expectations concerning ease of use and low cost. The 
procedures used in conventional digital synthesis ргодгатѕ 
are at best cumbersome for most composers, and impose 
certain ‘stylistic’ limitations. The greatest obstacle, 
however, which has made live performance impossible, has 
been the "turn around time” required before the composer 
can hear what he has specified. 

Within the more traditional offerings of the music 
department there have been theory courses where part of 
the objective is to train the "ears" of students in such skills 
as interval, scale and chord recognition. Because this ear 
training is best accomplished on an individual basis, we had 
been using one of a number of methods which have musical 

. examples on tape with an accompanying workbook. The 
difficulty here is that the method does not give any feedback 
nor does it proceed at a rate appropriate to an individual 

student. Again, it was natural that we should become 
interested in computer-assisted instruction and our 
thoughts turned to digital synthesis in this connection. 

A third, and perhaps more innovative application grew 
out of our interest in having beginning music students learn 
about the subject by actually composing music. We 
recognized that this could only be done if they could hear 
their work "performed" and if the musical framework were 
simplified so that they could concentrate on only one or two 
aspects of composition at a time, i.e., sound material, form, 

etc. With the use of a digital synthesizer, a simple language, 
and several carefully constructed exercises it has been 
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Fig. 2. Early music instruction configuration at Dartmouth College. 
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possible to introduce musical composition to beginning 
students. Whether in fact students learn more about how to 
listen to music than they would in a conventional 
introductory course is impossible to state at this time. 

The various musical needs described above arose at a 
time when*our Computer Hardware Laboratory was 
experimenting with the design of various devices which 
would interface with the large Dartmouth time-sharing 
system, DTSS. Using the idea that any device that can be 
made to mimic a terminal can use DTSS as a "host" 
computer, several interesting systems had been developed. 

REMOTE TERMINAL 1 

DISK 
| MEMORY MINICOMPUTER 

MAGNETIC 
TAPE 

ANALOG 

DIGITAL 

Fig. 3. Multi-user digital music system. 
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In one, DTSS was used as a large memory for a "smart 
terminal”; in another, it was used as the arithmetic and 
logic processor for a small, student-built computer. At this 
time the question arose as to whether the DTSS could 
somehow be used to control the conventional analog sound. 
production and modification equipment of Dartmouth's - 
Bregman Electronic Music Studio. The musicians and 
engineers soon realized that more "real-time" computing 
power would be needed for this task than could be 
reasonably expected from a general-purpose time-sharing 

system. It was easy to imagine using the time-shared host 
computer as the storage medium for rather massive files of 
musical data, but the control of the synthesizing equipment 
itself called for a local computer (Fig. 1). 

When the interface between the small computer and the 
existing analog synthesis equipment was studied it became 
clear that the translation between the discrete or digital 
“language” of the computer and the continuous analog 
"language of the synthesizer would involve equipment of a 

complexity and expense possibly equal to the small 
computer itself. For example, consider the problem of 

frequency control. Even though one might employ high 
precision, and high cost, digital-to-analog converters to 
provide the control voltages for analog oscillators, conven- 
tional synthesizer oscillators, and for that matter other 
associated synthesizer modules, are not high precision 
equipment and are subject to both long and short term drift. 

On the other hand, current digital frequency control 
methods provide outputs which are numerically related to a 

single master oscillator whose stability can be made 
extremely high; for example by means of a quartz crystal 

resonator. Since frequency (“pitch” to musicians) is one of 
the fundamental parameters of music, an entirely digital 
system seemed the only logical course. 

The authors began to formally collaborate in 1972 with © 
financial assistance secured by Dartmouth President John 

G. Kemeny, toward the realization of a system which would 
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Fig. 4. Block diagram of digital synthesizer. 

meet the several musical-instructional requirements 
outlined above. 

A computer terminal was installed in the music depart- 
ment with sound output from a digital synthesizer and 
verbal input/output from a CRT/keyboard terminal. It was 
locally controlled by a 16-bit minicomputer to achieve short 
response times. The music and verbal data were stored in 

DTSS and accessed over a 300 Baud telephone link. To the 
student the terminal appeared similar in operation to a 
normal time-sharing terminal. The synthesizer required 
minimal coding to produce a variety of musical timbres with 
accurate intonation and reproducibility. Each of eight 
identical channels provided a high resolution frequency 
source driven from a common 11.5 MHz clock. Channels 
produced ramp or triangle waves with six bits of shape 
resolution, and a variety of rectangular waves derived from 
Square waves. The ramp/triangle and rectangular waves 
were digitally amplitude controlled with six bits of resolu- 
tion each. These volume controls permitted generation of a 

variety of envelope functions, including those with time- 
variable harmonic content. Channel outputs were filtered, 
weighted, and combined before transmission to a conven- 

tional stereo amplifier system (Fig. 2). | 

This system was used in connection with four different 
music courses during 1973-1974: three were music theory 
courses in which students developed traditional musical 

skills dealing with melodic, harmonic and rhythmic 
perception, and one course presented exercise in elemen- 
tary composition. | 

Special software was written for both the large time- 
sharing system and the local minicomputer. The program 
running on DTSS retrieved data stored there which was 
then formatted and sent over the telephone link to the 
minicomputer. This data included the music theory 
exercises in the form of questions, answers and machine- 
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coded descriptions of musical passages. The minicomputer, 
using its real-time clock, translated the music data into 
synthesizer instructions. For example, a sixteen-bit number 
set the frequency of one of the eight oscillators. 

Once a student signed on the system and selected the 
appropriate exercise, a question appeared on the CRT 
screen explaining that the music about to be played 
represented a harmonic, melodic or rhythmic concept. After - 
hearing the music, the student typed one of several possible 
responses and was immediately informed if the response 
was the correct one. Individual as well as sets of questions 
were instantly repeatable creating an infinitely patient 
learning environment. | 

Beginning composition exercises allowed the student to 

arrange strings of pre-defined sound objects to create a 
short musical composition. These compositions could be 
edited and stored in DTSS to be accessed and played in 
much the same manner as the theory exercises. 

During the first year of operation, approximately three 
hundred students used the system on a regular basis and 

showed considerable enthusiasm for this mode of instruc- 
tion. The system was reliable but there were simply not 
enough hours in a week to adequately meet the student 
demand. We also realized that the synthesizer itself could 
be improved with respect to tone quality and timbral 
resources. Other colleges and universities expressed 
interest in having our system since the instructional and 

-` compositional problems it addresses are common to most 
educational institutions. Our link to DTSS prohibited export 
and we began to think of other alternatives. 

‘In 1973 we received the support of the Sloan Foundation 

as part of a large grant to Dartmouth College to improve 
instructional technology and services. Part of the require- 
ment for this grant was the charge to create an exportable, 
low cost system (c. $20,000.) that could serve the beginning 
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student as well as the advanced composer. We decided on 

the system configuration shown in Fig. 3. 

Four students can run exercises simultaneously but the 

entire resources of the system are available to a composer 

from one master terminal. Users communicate with the 

system by means of a silent CRT terminal, piano keyboard 

and other input devices. 

The new synthesizer consists of sixteen independent 

channels or “voices”; thus each of the four student 

terminals may independently reproduce four-part musical 

passages or exercises. Each channel can produce a wave of 

arbitrary harmonic content up to the 16 KHz limit of normal 

hearing. For the musician this means rich, complex 

“natural” timbres instead of the arbitrary ones available 

previously. 

The unnaturalness of synthesized sounds that has 

disturbed many musicians can be attributed to the fact that, 

unlike real instruments, easily synthesized waves do not 

have time varying harmonic content. The work of John 

Chowning in recent years has created a simple but effective 

means for bringing the harmonic content of synthesized 

waves under greater control. By means of Frequency 

Modulation, where many harmonics can be controllably 

produced from a pair of sine waves, one is able to realize 

highly desirable timbral content with computational 

parsimony. The real-time solution of the FM algorithm was 

therefore included in the new synthesizer design. 

Naturalness is also a result of subtle temporal control of 

amplitude. In the new design each channel has an 

amplitude which is the product of two independent 8 bit 

numbers, "Volume" and “Envelope” in Fig. 4. 

Figure 4 also shows the highly time-multiplexed use of 

the hardware modules. Each functional block performs its 

operation in time succession on each of the sixteen 

channels. Because of the extremely high speed of operation 

of modern digital circuitry, it is possible to perform many 
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independent calculations with the same physical hardware, 

and by sequencing these calculations have them appear to 

occur simultaneously. Thus one time-multiplexed digital 

oscillator does the work of sixteen analog oscillators. 

Because each of the sixteen channels can produce a highly 

complex sound, this synthesizer represents a powerful new 

medium to the composer of electronic music working at the 

master terminal. 

When the instructional mode is used in which four 

oscillators are assigned to each of four student terminals, it 

becomes necessary to time-share the minicomputer as well 

as the synthesizer. A general purpose time-sharing system 

was implemented on a 24k, 16 bit minicomputer with a 

fixed-head disk and a tape drive. Users may sign on to this 

system and create, edit and save programs which also may 

be compositions. The user interface superficially resembles 

the familiar DTSS. Theory and composition exercises are 

similar to those used on our earlier system except that the 

quality of the sound is greater allowing for a more familiar 

acoustical environment for theory exercises and more 

interesting sound material for the beginning composer. It 

should be stated again that the new system is serving four 

students during the time that the earlier system served one. 

To aid in the software development of special purpose 

music playing, and editing programs, a subset of PK-1 was 

implemented on the mini-time-sharing system. This higher 

level language allows composers to structure the system in 

such a way as to reflect their individual stylistic approach to 

musical composition without requiring an intimate 

knowledge of the computer or assembly language program- 

ming. 

We believe that this system represents a step forward in 

making digital synthesis available to composers and further 

extends its use to computer-assisted instruction in musicat 

low cost. Computing machines as an extension of musical 

thought are one of the most exciting cultural-technological 

developments of our time. 
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MORE MERLIN MAGIC!!! 
Now... the already tremendous value of MERLIN, the best, most versatile video interface, 

is an even greater value with the introduction of two inexpensive add-on features. 

SUPER DENSE GRAPHICS 
$39.00 

320H X 200V RESOLUTION 

MERLIN’s Super Dense Graphics is an add-on board 

which mounts directly to the MERLIN Video Interface. 
Each of 64,000 graphic dots is individually controllable 

and located on-screen. The kit includes a manual with 

X-Y coordinate transformation software listing. 

s 

SOFTWARE CASSETTE 1/О 
$29.00 | 

14500BAUD _` 

MERLIN’s Software 1500 Baud Cassette 1/0 is an 

external add-on to the MERLIN Video Interface. It 

connects, along with a keyboard, to the MERLIN KYBD 

and I/O Port through a 16 conductor flat cable. The kit 
includes a manua! with a listing of all necessary 

software, also available as part of the МЕ! ROM. 

` For more information, fast, write us direct. 7 

Pricing: MERLIN Mandal os. a >... $ 10.00 
MERLIN Assm..... pe су ы TE I E $349.00 МЕВЕ МКГ us у у laa See Lees $269.00 
MBI ROM/RAM ........ QU ы. b em st $ 39.95 МЕТНОМ ee. o Ce CY ies $ 34.95 
Super Dense Add-on ...................... $ 39.00 . Cassette 1/O Add-on ...................... $ 29.00 

Master Charge and BankAmericard accepted. 

MiniTerm Associates, inc. 

the Box 268, Bedford, Mass. 01730 (617) 648-1200 
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David Ahl 
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The Floating Dear Mr. Ahl: 
Nicholas Meyer discovered the previously unknown Sherlock Holmes 

adventure, The Seven-Per-Cent Solution and electrified Holmes’s present 
> O : n t S Q | 1 t i О n day followers with the establishment of a link between Holmes and Freud. I 
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have just discovered a link between Holmes and several of the pioneer 
thinkers in computing, an exciting tale which Watson appropriately dubbed ` 
The Floating Point Solution. Certainly there are descriptions of Holmes in 

P many of the previously published tales which suggest how close his 
wes mentality was to that of the typical programmer /analyst. Nothing, though, 
us even approaches the truth embodied in The Floating Point Solution. 

Unfortunately, the manuscript itself is not yet in a publishable form and 
so I can not really submit it to you for serialization in Creative Computing. 
At this time, the most I can do is allow you to publish a few of the Sidney 
Paget illustrations which had been prepared for this tale but were never 
published. The captions will convey a bit of the drama of the tale itself but 
will not, I trust, give the story away completely. 

You may expect to hear from me again. 

Sincerely yours, 

Robert P. Taylor, Esq. 
Kings College, Budo 

AUT 

Nm 

"Yes," mused Holmes, pondering the unfortunate operator's 
body, "one never knows in advance how the disgruntled 

a hardware error..." user may reacteccocoe! 

62 CREATIVE COMPUTING 



2 

о ен e rt o Еч e [2] E 9 
SED 

= 

© 

G 

O0 

o 

Oo 

i 

О 

юэ 

c су. 

4 

э 
$ ex 
Со о 

а, 

z 

: 

33 “с 
e 

Q 

г> 

О 
{+ or 

H5 

© 

m 

оф 

5 some that it! 
alneee 

is 

al br 

i 
i 

Watson, 

ific 
"Му guess, 

sort of art 

apes DP a E 

р
о
р
 

=
 e
 

Oey 

"at least you still kindly, а Holmes, sai 
Ф 

ti 

have the list 

"Come, come, 
thought Holmes, 

t make sense as a 
н 

t certainly doesn 
users manual 

° 

ТУТУ 

"It must be secret code, 
ai 

1065 

МАК/АРК 1977 63 



A computer invited to sup, 
fumbled with platter and cup, 

with fork and with knife, 
and, asked about life, 

mumbled, “It doesn’t add up!” 

n 

| | 
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GLOROBOTS 
Gloria Maxson A robot of amorous renown 

broke the whole powerplant down 
by starting to pet 

with an old TV set, 
which totally blacked out the town. 

í 
EEA) 
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(2 There'll be computers of size, 
and some they will miniaturize 

to do the small tasks 
Ad that everyone asks, - 

. from scratching, to knotting of ties. 
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| | А new synthesizer named uc | Ex 

and an old-fashioned organ named Oog, 
had a concert to test 8 

с which one played best, | D 

Xe and are having it yet, Moog and Oog. 

© | I heard an old robot explain: | : ex 

“We were evolved to be sane, 

ЛДА PAN Vv V ү Р 

PAN = 
with tolerant views, 
so men need not use 

d the other nine-tenths of their brain." ЛДА 
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A robot with lofty inflection 2 
read Stein in the poetry section >) 

but read it, “Arose 
is arose is arose,’ 

v; 

7 and thought it concerned resurrection. S 

N 2 
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ШЕЛ КЕНШ ны 

А robot deste named Grace 
would work any time, any place, 

and never relent, 
because she was bent 

on expanding the customer base. 

t КАШ Tm 
A COR desig od to compute 
a couple’s rapport or dispute, 

typed “Yes!” unashamed 
when the young lady named 

it in her paternity suit. 
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A robot in tracking had fun 
in a way calculated to stun: 

he wore hunting suits, 
bold hats, and big boots, 

and carried an elephant gun. 
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An old robot thought it was hell 
that he was unable to tell 

how feeble he got, 
since it was his lot 

to be terminal even when well. 

| 
AW 

A robotical butler named Jeeves 
was given no further reprieves 

after asking a guest 
for his coat, hat — and vest, 

shoes and socks, shorts, and «НАЕ 



INTERACTIVE WOMAN-MACHINE 
IMPROVISATIONS OR LIVE 

COMPUTER-MUSIC, 
PERFORMED BY DANCE 

Debra Loewen is wearing a gravity-sensor costume that is 
monitored by a computer and correlated instantaneously 
with sound from a synthesizer. Depending on the user’s 
program, Debra could be performing a new musical 
instrument, executing a dance piece that determines its 
own unique music score in real time, or experimenting 
with bio-feedback through physical movement and sound. 
The costume has 64 mercury switches (as digital bits) 

multiplexed to single data lines for shipment (by cable or radio) 
to an interface. The system hardware — designed and built by 
Thomas Noggle and Joseph Pinzarrone in Urbana, Illinois, 
1972-1975 — consists of a READ/WRITE bus structure 
between a P.D.P. 11/10 and a programmable bank of analog 
sound-snythesizer modules (i.e. oscillators, filters, amplifiers 
etc.). 

System software, coded by Elven T. Riley and T. Rust, 
allows user control of analog device interconnection and 
data as well as costume information monitoring and 
masking and — can be used to create real-time interaction 
between the two. 

The system has been featured chiefly in live performance 
from coast to coast, with Debra as interfacee in a myriad of . 
theatrical situations including composer Pinzarrone's 
theatre work Hunger Artist. ^ Currently, a lecture- 
demonstration is available entitled “Interactive Woman- 
Machine Improvisations." Expansion of the system, of 
course, remains proportional to financial support. 

Debra is a choreographer-dancer on the faculty of the 
University of Delaware. Thomas is an engineer with High 
Energy Physics at the University of Illinois. Joe P. (in photo 
background) is a composer and co-director of the Mid- 
Atlantic Modern Music Institute in Wilmington, Delaware. 
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Reprinted below is the list of 
currently-available electronic and 
computer music tapes and records as 
listed in the January 1977 Schwann-1 
Catalog. 

Key: Q Quad record 
A 8-track tape 
QA Quad-8 tape 
ө Cassette Tape 

Label abbreviations: 
Adv. Advance 

Ang. Angel 
At. Atlantic 

Can. Candide 

Col. Columbia 
DG Deutsche Grammophon 
Ev. Everest 

Fin. Finnadar 

Folk. Folkways 

GC Golden Crest 

Lyr. Lyrichord 

Main. Mainstream 

Mer. Mercury 
None  Nonesuch 

Odys. Odyseey 
Ser. Serenus . 

Van. Vanguard 

West. Westminster 

Listings below give complete contents when the entire re- 
cord contains electronic music. A reference to the listing 
under the composer's name in the Composer Section is 
made when only a part of the contents of the record falls into 
this category. Performers' names are in italics. 

Adv. S-8—MAXFIELD: Pastoral Symphony (1960); Bacchan- 
де (1 ut PERRO Concert For David Tudor (1961); Amazing 
race (1960) 

Adv. 16—BUDD: Oak of Golden Dreams (1970); Coeur D'Orr 
(1969) 

Ang. $-36042; 64XS-36042—WHITE: Short Circuits Moog 
synthesizer & other electronics 

At. S-1576—MIMAROGLU: Sing Me a Son 
Hubbard, Reciters, Chorus, String Orch., 
glu, Synthesized & Processed Sounds 

Can. 31001—STOCKHAUSEN: Prozession for Tamtam, Viola 
Elektronium, Piano, Filters & Potentiometers ^ 96) 

Can. 31025—SCHAEFFER: Objets lies; MACHE: Terre de 
feu, 2nd version; PHILIPPOT: Etude lil; BAYLE: Oiseau 
Chanteur; FERRARI: Téte et queue du dragon; MALEC: 
Dahovi; PARMEGLIANI: Danse 

Capra 1201—See Duckworth, Strange, Wilson 
Col. MS-6146—See Varese 
Col. MS-6362—See Varése - | 
Col. MS-6566—AREL: Stereo Electronic Music No. 1 (1964); 

BABBITT: Composition for Synthesizer (1964); DAVIDOV- 
SKY: Electronic Study No. 1 (1 PO! EL-DABH: Leiyla and 
the Poet (1962); LUENING: Gargoyles (1962); USSACHEV- 
SKY: Creation—Prologue (1962)—Col.-Princeton Elec. 

Col. MS-7051—BABBITT: Ensembles for Synthesizer; CAGE: 
Variations Ii (1961)—Tudor; POUSSEUR: Trois visages de 
Liege 1961) 

Col. MS-7139—See Brown, Bussotti, Cage 
Col. MS-7194; MQ-31018(Q); 418-11-0092; QAMAQ-31018; 
616-11-0092—SWITCHED-ON BACH—J. S. BACH: Bran- 
denburg Con. No. 3; Jesu, Joy of Man's Desiring; etc. 
(11-68)—Carlos, МООС 

Col. MS-7286;418-11-0144;6 16-11-0144—CARLOS:. Well- 
tempered Synthesizer 

Col. MS-7355—STOCKHAUSEN: Mikrophonie | for Tamtam, 
2 Microphones, 2 Filters & Potentiometers (1964)—Aloys 
Kontarsky, Alings, Fritsch, Bojé, Stockhausen, Davies, 
Fe Mikrophonie 1! for Choir, Hammond Organ & Ring 
odulators Тав cac Kontarsky, Fritsch, Schernus 

Col. М-30383; А МА-30383; 6 MT-30383—KAZDIN & SHE- 
PARD: Everything You Always Wanted to Hear On the 
Moog (9-71) eo 

Col. M-30683; Q—SUBOTNICK: Sidewinder—Subotnick 
2-Col. PG-31234; AGA-31234; € GT-31234—CARLOS: Sonic 

Seasonin cee 
Col. KC-31480—CARLOS: Clockwork Grange 
Col. XM-32088; AXMA-32088; @XMT-32088—CARLOS: By 

Request 
Col. KM-32659; AKMA-32659; @KMT-32659—Bach: Suite 

No. 2 in b; Sheep May Safely Graze; Brandenburg Con. No. 
5; etc.—Carlos, MOOG 

Col M-32741; Q—SUBOTNICK: 4 Butterflies 
Corn. U. 1—See Bielawa 
Corn. U. 7—See Borden 
CRI S-204—See Davidovsky 
CRI S-219—See Luenin 
CRI S-227—LUENING & USSACHEVSKY: Concerted Piece 

for Tape Recorder & Orchestra—Col.-Princeton Electronic 
Music Ctr.; POWELL: Events, M. (1963); Improvisation 
(1963); Second Electronic Setting (1962); 2 Prayer Set- 
tings— Wilson, Schwartz, Davenny; Bressler, Kaplan, Tar- 
ack, Lynch, Kouguell; USSACHEVSKY: Of Wood & Brass; 
Wireless Fantasy—Col.-Princeton Elec. Music Ctr. 

CRI $S-255— See Druckman 
2-CRI 268—Varése: Déserts (1954-61); LUENING: In the 
e 1350) BABBITT; Vision & Prayer (1961); US- 
SACHEVSKY: Computer Piece No. 1 (1968); 2 Sketches 
(1971); SMILEY: kalyosa (1970); SHIELDS: Transformation 
of Ani (1970); DAVIDOVSKY: Synchronisms No. 5 
1969 ol.-Princeton Elec. Music Ctr. _ 

CRI S-296—EATON: Mass—Hirayama, White, Syn.; Blind 
Man's Cry—Hirayama, Syn.; Concert Music for Solo Clari- 
net—Smith 

CRI S-310—HILLER & BAKER: Computer Cantata—U. of lll. 
Contemp Ch. Players, Hamm, MELBY: 91 Plus 5—Con- 
temp. Brass Qn ur . 

CRI S-328—RANDALL: Music for the Film "'Eakins"—Prince- 
ton U. Comp. Ctr; CEELY: Elegia—RA! Studio топо оса; 
Mitsyn Music ; ВЕЕР; DEL MONACO: Electronic Study No. 
2 (1970); Metagrama—Sanoja, Col.-Princeton Music Ctr 

of Songmy— 
rgan, Mimaro- 
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CRI S-335—P. McLEAN: Dance of Dawn (1974);B. McLEAN: 
Spiralis (1973)—/ndiana U. South Bend Elect. Music Studio 

CRI 8-34 DGE: In Celebration; Speech Songs; The 
Story of Our Lives 

Deram 18066—SATIE: Electronic Spirit of Erik Satie—Moog 
Synthesizer, Camarata, Contemp. Ch. Orch. 

Desto 6466—LUENING: Fantasy In Space; Invention On 12 
Notes; Legend; Low Speed; Lyric Scene; Moonflight; 
LUENING & USSACHEVSKY: Incantation; USSACHEVSKY: 
Sonic Contours 

4-Desto 6474/7—See Tanenbaum 
Desto 7130; @47130—TANENBAUM: Movements; Contrasts; 

Blue Fantasy; For the ‘‘Bird’”—ARP Synthesizer 
DG 138811—STOCKHAUSEN: Gesang der 
К 955/6):Kontakte (1959-60) 

2-DG 2707039—STOCKHAUSEN: Hymnen: Anthems for 
Electronic & Concrete Sounds 

Ev. 3132—CAGE: Variations IV (excerpts) (1965) 
Ev. 3230—CAGE: Var. IV, Vol. 2—Cage, Tudor 
Fin. 9001—MIMAROGLU: Wings of the Delirious Demon & 

other electronic works 
Fin. 9002—DUBUFFET: Musical Experiences 
Fin. 9003—MIMAROGLU: Music for Jean Dubuffet's Coucou 

Bazaar 
Fin. 80050); QA—SALZMAN: Helix—NospQUOG Music/ 

Theatre Ens.; Wiretap—Nagrin; Larynx Music—Ross, Sil- 
verman; Queens Collage 

Fin. 9010(Q); A—BABBITT: Ensembles for Synthesizer; SMI- 
LEY: Eclipse; SHIELDS: Farewell to a Hill; USSACHEVSKY: 
Piece for Tape Recorder; DAVIDOVSKY: Electronic Study 
No. 3; AREL: Stereo Electronic Music No. 2 

Folk. 6301—HIGHLIGHTS OF VORTEX—JACOBS: Chan 
oon Electronic Kabuki Mambo ОРОЗ Logos (1956); 
hythm Study #8 (1957); LONGFELLOW: Notes On the 

History Of the World (19597); 350-2 (19597); LOUGHBO- 
ROUGH: For the Big Horn (1957); TALCOTT: Loop Number 
3 (1957); Trilogy (1957 

Folk. 33436—ELECTRONIC MUSIC—GRAUER: Inferno; 
IVEY: Pinball (1965); ROBB: Collage (2366 ; LeCAINE: 
Dripsody 1025) AITKIN:WALTER-OLNICK-SCHAEFFER: 
Summer Idyl Noesis (1962); M. SCHAEFFER: Dance R 43 
(1 961); STEPHEN: Fireworks; Orgasmic Opus 

Folk, 33435—ROBB: Rhythmania & Other Electronic Musical 
Compositions 

Folk, 33437—-APPLETON: World Music Theater 
Folk. 33438—-ROBB: From Razor Blades to Moog 
Folk, 33440—NELHYBEL: Outer Space Music 
Folk. 33441—MIMAROGLU: Tract (1972-74)—Tuly Sand, 
American Center For Students & Artists (Paris), Columbia- 
Princeton Electronic Music Center 

Folk. 33869—COPE: Navajo Dedications 
Folk. 33904—-AIN: Used To Call Me Sadness—Matsua; CHA- 

DABE: Echoes— Williams; MCMILLAN: Whale |; Carrefours; 
MUMMA: Cybersonic Cantilevers; USSACHEVSKY: Con- 
flict 

Fin. 9010(0); QA —BABBIT: Ensembles for Synthesizer; 
SMILEY: Eclipse; SHIELDS: Farewell to a Hill; USSACHEV- 
SKY: Piece for Tape Recorder; DAVIDOVSKY: Electronic 
Study No 3; AREL: Stereo Electronic Music No. 2 

GC S-4085— See Macinnis, Trythall 
GC $-4092—KNIGHT: After Guernica (1969); Refractions for 

Clarinet & Tape (1962)— Sweetkind; Origin of Prophecy 
(1964); Luminescences (1967) 

Ln 7210—SAHL: Tropes on the Salve Regina 
ain. 5002—BRYANT/CURRAN/RZEWSKI/TEITELBAUM/ 
VANDOR : Live Electronic Music Improvised—MEV. Rome; 
CARDEW/GARE/HOBBS/PREVOST/ROWE: Live Elec- 
tronic Music Improvised—AMM. London 

Main. 5003— See Kagel 
Main. 5004— See Berio 
Main. 5005— See Cage 
Main. 5010—ASHLEY: Purposeful Lady Slow Afternoon; 
BEHRMAN: Runthrough; LUCIER: Vespers (1968); MUM- 
MA: Hornpipe (1967)—Sonic Arts Union 

Main. 5015—See Cage 
MCA 2220—SANTO: John Santo Plays Bach 
Mer. 80000; А 8-80000; 64-80000—GLEESON: Beyond the 

Sun (Holst:Planets) 

Jünglinge 

Electronic and Computer Music 
None. 71174—SUBOTNICK: Silver Apples 
None. 71198—8RUDIN: Tragoedia ; 
None. 71199—GABURO: as Il! (Pearl-White Mo- 

ments), Antiphonie IV (Poised); Exit Music I: The Wasting of 
Lucrecetzia; Exit Music lIl:Fat Millie's Lament—New Music 
Choral Ens., Univ. of Ill. VEU Ch. Players 

None. 71208—SUBOTNICK: Wild Bull 
None. 71223—ERB: Reconnaissance (1967)—Erb, Douglas, 

Forbes, Grierson, Watson, Thomas, Stein; In No Strange 
Land à 968)—Dempster, B. Turetzky 

None. 71224— See Cage & Hiller 
None. 71225— WUORINEN: Time's Encomium, for synthesiz- 

er (1968-9) 
None. 71245—RANDALL: Quartets in Pairs (1964); Quarter- . 

sines (1969); Mudgett (monologues by a mass murderer) 
(1965)—Kessler; DODGE: Changes; VERCOE: Synthe- 
sism—Columbia-Princeton U's Computer Centers 

None. 71246—XENAKIS: Bohor | | 992) Orient-Occident III 
(958 oe Diamorphoses 11 (1958); Concret Р-Н Il 
1958)—ORTF, Paris, Groupe recherches musicales 

None. 71250—DODGE: Earth's Magnetic Field—Boller, Fre- 
derick, Ungar, Columbia U. Computer Center 

None. 71289—KORTE: remembrances, for Flute & 
Tape;DAVIDOVSKY: Synchronisms No. 1, for Flute & Tape; 
KUPFERMAN: Superflute, for Flute & Tape—8Baron 

2-None. HC-73018($11.88, w. book)—NONESUCH GUID 
TO ELECTRONIC MUSIC mace 

Odys. 32160156— See Cage, Ichiyanagi, Lucier 
Odys. 32160158— See Mumma 
Odys. 32160160—MAXFIELD: Night Music (1960); OLIVER- 

S: | of IV (1966); REICH: Come Out 
Odys. Y-34139—CANN: Bonnylee (1972); GRESSEL: Points 

їп Time (1974) KREIGER: Short Piece (1974); LANSKY: 
mild und Leise (1973-1974); SEMEGEN: Electronic Compo- 
sition No. 1 (1971-1972); WRIGHT: ElectronicCompostion 
No. 2 (1973); ZUR: Chants, for ee Tape (1974) 

Odys. Y-34158—SUBOTNICK: Until Spring 
Op. One 7—See Schubel 
Op. One 17—McCLELLAN; Distant Voices (1971); CHA- 

DABE; Ideas of Movement at Bolton Landing п 971) 
Opus -One24—McCLELLAN: Genesis (1974); Interruptions 

(1971) 
Orion 7021;@CAS-70211—SWICKARD: Sermons of Saint 

Francis, for narrator and tape (Moog) (1968); Hymn of 
Creation for narrator and type (1969)—DuBay; HELLER: 
Labyrinth for Cello & Tape (1969)—/schar 

Orion 74142—GRAYSON: Live Electronic Music 
Orion 75192— 8B. McLean: Il, for Piano & Tape—Hamilton; 

The Sorcerer Revisited; Genesis 
Point 101— See Badings 
RCA ARL1-0488; О; AARS1-0488; QA; @ARK1-0488— 
TOMITA: Snowflakes Are Dancing (Music of Debussy 

ВСА ARL1-0838; Q; AARS1-0838; QA; € ARK1-0838—TOM- 
ITA: Pictures at an Exhibition (Mussorgsk 

RCA ARL1-1312; Q; AARS1-1312; A; €ARK1-1312—TOMI- 
TA: Firebird (Music of Stravinsky, Debussy, Mussorgsky) 

Ser. 12045—CUSTER: Found Objects No. 5 for 5 Instr. & 
Tape—Custer, Ens.; No. 8, for Violin & Tape—Kobialka; 
No. 6, for Flute & Tape—Shansky; No. 3, for Contrabass & 
Tape—Turetzk y 

Van. C-10057 —RANDALL: Lyric Variations for Violin & Com- 
purer (1966-7)—Zukofsky; SAHL: Mitzvah For the Dead, for 

iolin & Tape (1966-7)—Zukofsky 
Van. C-10069—CZAJKOWSKI: People the Sky 
Varese 81001—TAYLOR: Lumière, for Synthesized & Con- 

crete Sound 
West. 8110; AF8110—GASSMANN: Electronics: Music to the 

Ballet (1961): SALA: Five Improvisations 
West. 8129; AF8129—MEYERS: Rhythmus; Excitement; In 
Memoriam for Soprano & Tape; Chez dentiste; Moonflight 
Sound Pictures—Hansel; Intervals |; MARDIROSIAN: Fan- 
tasia for Organ & Tape—Mardirosian; HEINTZ: Fanfare & 
Raga for Bassoon & Tape—Heintz; Meyers, Catholic Uni- 
versity of America Electronic Music Laboratory 

West. 8182—Unusual Classical Synthesizer—Hankinson, 
Putney V.C.S. 3 Synthesizer 
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John Selleck 

Computer music appears to most people as a kind of 
- apotheosis of electronic music. It can be thought of as fitting 
into the electronic music category, but it has many distinct 
features that are not found in electronic studio music or 
most synthesizer music. 
Computer music is not oriented toward performer usage. 

It is a composer's medium and even if the processes can 
work in real-time, the forte of the computer is its data- 
processing capability as applied to all kinds of information, 

not just its ability to simulate a musical instrument. Real- 
time situations are at present more often used for 
preliminary organizations of musical materials, with the 
intent to use the more time-consuming but more flexible 
processes for a final result. 

. The story of computer music begins at Bell Telephone 
Laboratories with the efforts of Max Matthews and others. 
In the late 60's the essential characteristics of sound- 
synthesis programs were established and most subsequent 
improvements to this early work have been in the nature of 
user (composer) oriented modifications. Vladimir 

Ussachevsky, an undisputed master of the electronic 
medium, produced a computer piece as early as 1968 using 
preliminary efforts at digital sound synthesis made by Jean 
Claude Risset (known for his work in brass-instrument tone 

synthesis) and F.R. Moore, the resulting work titled: 
. Computer Piece No. 1. Already we can detect certain new 
features of the computer medium. The agile display of 
complex textures, the subtle modifications in timbre, and 
the sophisticated rhythmic placements are all attributes of 

. computer sound materials that are difficult, if not impossi- 
. ble to obtain with manually operated analog devices. The 
additional possibility of real-time examination of computer 
generated sound, allowing for more carefully considered 
composer decisions, is demonstrated by another of 
Ussachevsky's computer pieces: Sketches for a Computer 
Piece. Here he used the GROOVE program at Bell Labs, 
depicted in grossly simplified form in figure 3. Again the 
timbral changes (often in the course of a single note) are of a 

much higher level of complexity than that usually ob- 
tainable in an analog studio. This piece also demonstrates 
the synthesis of brass-like tones. There are several 
sequences of “pinging” sounds that were created by the 
use of random-number sequences (controlling rhythmic 
succession and amplitude), a feature also found on some 
synthesizers; but again the flexibility provided by the 
computer, i.e., the ability to program (symbolically con- 

68 

AN INSIDER'S GUIDE 
TO COMPUTER 

MUSIC RECORDINGS 
m e ̂  
— ee yo 

struct) whatever kind of sound or sound sequence that one 

can conceive of, clearly demonstrates the power of the 
computer medium. Both the pieces of Ussachevsky 
mentioned above are available on CRI SD 268, an anthology 
of computer music from the Columbia-Princeton Electronic 
Music Center in celebration of their Tenth Anniversary. 
The computer has to be programmed by humans to 

produce any kind of output. The crux of the matter lies in 
how many decisions are going to be the result of "filtered" 
randomness or a statistical application of order upon chaos, 
and how many of them are actually made by a human 
composer. HPSCHD, created in collaboration with John 
Cage (appearing on NONESUCH H-71224) is an example of 
how such music is used as material for further post- 
computer manipulations. The result is playfully charming 
anda clear example of certain aesthetic trends that think of 
music as a display of textures, a mosaic of bits and pieces, 
surfaces rather than dramas. The result of this bias is 
undoubtedly due to certain aspects of the electronic 
(including computer) mediums as is explained in the 
writings of Marshall McLuhan. The desire is to inter-mix 
and juxtapose materials that are not really discrete 
sequences of clearly defined elements, but are whole 
textures or sound-worlds in themselves. 

Another of Hiller's experiments, the Computer Cantata 
(1963), (available on CRI SD 310) was an early effort and 
more a picture of a process than a composition as we 

normally think of it. After the preliminary decisions as to the 
probability of events happening were made, the results 
from the computer, of whatever quality or effectiveness, 
were retained as a record of the process. The output from 
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the computer was not synthesized sound, although some of 
the music was performed subsequently by means of 
computer synthesis. The computer merely produced a 
printed output of its choices of events (notes and rhythms); 
see figure 6. Stylistically the piece is less of atexturally and 
mosaically perceivable structure than HPSCHD. The events 
forced themselves upon the listener in such a way as to 
stress the literalness and serious consideration of each 
discrete happening. The music lacks a sense of depth, 
although the rhythm presents the impression that 
something might be happening at one moment that is 
related to some subsequent events. In theory, at least, the 
idea of statistically generated musical sequences has been 

put aside owing to recent linguistic explanations of music 
which stress deep structural connections as motivating the 
construction of a musical work; it is not merely a matter of 
order (redundancy) applied in varying degrees upon a 
random situation. Nevertheless, the use of random 
structures in music for textural purposes is very prevalent, 
and Hiller's efforts cannot be casually dismissed without at 
least acknowledging that his hypothesis has stimulated 
serious thought about the nature of musical creation. 

Other uses of algorithmically generated music that may 
or may not use random number sequences as a basis are 
found in a work by Barry Vercoe, to be discussed later, and 
in a work by Hubert Howe that appears on a recording put 
out by the American Society of University Composers as a 
supplement to Volume 7/8 of their PROCEEDINGS (it can 
be obtained from the society free by subscribing to that 
issue of their journal). Howe's contributions to computer 
music are extensive. He was involved in many of the 
programs created at Princeton University and has designed 
a modified version of Barry Vercoe's MUSIC 360 program 
(or one might characterize it as a substantial variant) called 
MUSIC7 (for the Sigma 7 computer). His piece, Freeze 
(1472) was, if my memory serves me, generated from 
relatively little initial material. l.e., the "composition" of the 
work involved the construction of algorithms whose 
employment was a composer decision, but whose resulting 
musical displays were logical consequences. The work has 
a static quality (perhaps determining the title of the work?), 
textures emerge and recede slowly; changes in general 
timbral quality are of a fairly complex nature. 

Also appearing on CRI SD 310 is a computer piece by 
John Melby that makes use of the most widely distributed 
method of sound synthesis, the MUSIC360 program. The 
essential configuration of the system is shown in figure 1. 
91 PLUS 5 for Brass Quintet and Computer was executed at 
Princeton University; the digital-to-analog conversion was 
done at Bell Labs. This piece and another of his works, 
FORANDRER (appearing on the American Society of 
University Composers recording) show the judicious use of 
the medium as regards instrument design and musical 
presentation. His music is easy to listen to and not without 
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interest. The clear polyphonic distinctions апа timbral 
differentiations are a welcome relief to the overly complex 
surfaces in much computer music. The computer instru- 
ment (computer macro-instructions assembled to simulate 

the composer's idea of some instrument) behaves like an 
actual instrument, so it is logical to use it їп conjunction 
with live instrumental players as in the Brass Quintet piece 
and what is rumored to be in a future release involving voice . 
and computer. 

Since the MUSIC 360 program, as well as its 
predecessors, are all set up to operate in terms of 

"instruments" and “notes”, its use as a performer of 
instrumentally conceived music has occurred to several 
composers. In the case of Melby's piece, the result is the 
natural outcome of trying to produce a synthesis of live 
instrumental sounds and computer generated sounds. It 
has been suggested that the computer might be used to 
perform music that cannot receive an adequate perfor- 

mance by live performers, or to provide a model for live 
players, or to satisfy the composer's curiosity about the 
composition’s performance when he has not yet found a 

viable live performance. Then too, the work may be too 
difficult for live musicians to handle, given the level of 
performance of some (or any) players. Benjamin Boretz’ 

Group Variations (CRI SD 300) is a piece that originally had 
a live performance. Owing to the great complexity of the 

work, and to provide what might be termed an "ideal" or 
. absolutely accurate performance, a computer version was 

. made. The piece is termed “polyphonic ensemble music" 
and is a relatively difficult piece to get into. The wealth of 
sonic differentiation and association, only possible with the 
almost complete control over timbre that the computer 
offers, makes this piece an interesting one to study, not in 

the academic sense of analyzing it, but rather in the more 
casual sense of attempting to "absorb" the piece via 

. repeated approaches. “Now | will listen for this idea and all 

of its appearances in the ‘landscape’ of the piece; "now! 
will endeavor to relate all the passages that contain such 
and such an image," etc. The record jacket gives a 
somewhat provocative, if enigmatic ground-plan for such 
ап attack. The sophisticated use of timbre in the piece must 
not mislead the listener into thinking of the piece as only a 
conglomeration of textures, although it can be approache 
(not too fruitfully) in this manner also. m 
A very agreeable first experience at listening to computer 

music might be to examine the Extensions for Trumpet and 
Tape by Charles Dodge (also appearing on CRI SD 300). This 
piece is also a work for live performer and computer. The 
nature of the piece is that of a soliloquy for trumpet 

interrupted by passages of a distinctly contrasting nature 
for the computer. These passages are all multiple glissandi 

containing myriads of notes. The remarkable thing about 
. the computer passages is that they consist entirely of sine 

tones (the simplest waveform possible). If one listens 
closely he/she can detect the phase interference patterns 
caused by differing rates of glissando for the various tones. 
The effect is comparable to the op-art use of Moire' 

patterns. The ability to control precisely the rates of change 

of all parameters of a desired note can result in very 
. surprising effects from simple means. 

Charles Dodge is perhaps one of the best examples of a 
composer that is fully committed to technological-artistic 
interaction. His activities are almost always the result of the 
quite playful interpretation of some new and as yet 
unexplored technological vista. In his work Earth's 
Magnetic Field (NONESUCH H-71250) the tri-hourly 
fluctions of the earth's magnetic field (as measured from 
several points on the globe and charted on a discrete scale 
of 28 values) are interpreted as musical pitches. Taking the 
period of time from January 1st to February 4th of the year 
1961 these readings serve as material for a heady 

composition in C major (side 1). The attractiveness of the 
piece comes about from a sort of heterophony produced by 
differing decay rates and slow changes of timbre on various 
notes of the sequence. Theresulting diatonic field produces 
a strong hypnotic effect that is curiously missing from side 2 
where similar treatments, compositionally and timbrally, 

are used with the scale of values being interpreted as a 
chromatic (12-tone) scale. Dodge's real claim їо fame rests, 
mainly, not in his work with MUSIC360 (and other similar 
programs) that he has used at Princeton and Columbia 

Universities, but rather in his work with speech synthesis. 
Speech analysis and synthesis has a history which would 

be beyond the scope of this article even to summarize. 
Suffice it to say that fixed formants are the key to the 
recognition of a timbre as voice-like; i.e., a vocal sound is 
recognized not by some particular relative relationship of 
the components of its frequency spectrum, but rather by 
certain fixed bandwidths that are emphasized no matter 

what fundamental frequencies occur in the vocal range. 
Vowel sounds are so characterized. Consonants are 
produced by transients (sudden changes in the frequency 
spectrum). An analysis program developed from digital filter 
technology by Dodge and Richard Garland at Columbia and 
Kenneth Stieglitz at Princeton partitions a sequence of 
speech sounds into .01 second summaries or transforms 
that represent the frequency characteristics for that 
segment of time. These "windows" are then used to re- 
synthesize the speech sounds by a process of filtering either 
a buzz waveform (vocalized speech) or white noise 
(aspirated speech) with the information in the sequence of 
“windows” thus restoring the original speech pattern. The 
windows differentiate between the transient 
characteristics (consonants or articulation) and the overall 

timbre and pitch of the voice (vowels). Since this differentia- 
tion has been made one can modify the synthesis 
procedure in the computer by requesting either 
modifications of the basic vocal quality (say to produce a hi- 
fi recording of Caruso) to complete substitution of the vocal 
quality (having Beethoven's Fifth speak Shakespeare). 
Such a procedure (depicted roughly in fig. 5) allows the 
composer to construct compositions that have the precise 
control of MUSICS360-type pieces, but with the added 
overlay of speech patterns. Thus the image of the human 
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voice is introduced into computer music. CRI SD 348 
contains three pieces of Dodge that utilize the above 
technique. The Story of Our Lives is the most involved work 
containing a female and male voice (as well as a neutral 
"book'' voice) and has been termed by Dodge an “operatic 
dialogue.” It has been performed as an opera (with actors 
miming the computer produced speech) and is available on 

video-tape. The other works on the recording, /n Celebra- 
tion and Speech Songs are more experimental, but quite 
humorous speech mosaics. | 

The technique of filtering complex waveforms to produce 
new sounds is a built-in part of all sound-synthesis 
programs and appears as a factor in most of the pieces 
examined here. An early use of this technique appears on 
NONESUCH H-71245 in a piece called Changes by Dodge. 
Also included on this recording are pieces by J.K. Randall 
and Barry Vercoe, the designer of MUSIC360. 

The widespread use of MUSIC360 would seem to 
demand that compositions by its major proponent be 
available on recordings. So far his Synthesism is the only 
one commercially available. It makes use of all the features 
of MUSIC360 that motivated its creation. Earlier sound- 
synthesis programs of a similar nature were less flexible in 

terms of the user (often a composer with not much 
computer know-how). The macro-language facility of 
MUSIC360 and its variants have made it very popular with 
users. Synthesism is a bravura, virtuoso piece 
demonstrating the capabilities of this improved system. 
Compositionally the work employs another distinct feature 
of computer sound-synthesis programs, the ability to 
generate musical materials algorhythmically. 

Vercoe's work has not stopped with MUSIC360. One of 
his reasons for writing that program was to allow for more 
rapid and efficient generation of the digitalized sound 
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output. This has been further extended by his work at M.I.T. 
into a system similar to MUSIC360 that can work in real- 
time. The system is depicted in highly simplified form in 
figure 2. The important thing to stress about this new 
development is that it is very composer-oriented. The score 
of a work-in-progress is stored in the computer and can be 
displayed upon demand in terms of a musical score, rather 

than in the usual numbers representing parameters of 
musical notes. This allows the user to modify his work 
without having to use the computer's language — and he 
can hear the result of any work he does immediately. 

Also appearing on NONESUCH H-71245 are three pieces 
by J.K. Randall of Princeton University each of which makes 
use of a different version of the original MUSICIV program 
created at Bell Labs. These programs are slightly more 
cumbersome to use but essentially operate like MUSIC360. 
Their main disadvantage is that they consume vast 
amounts of computer time. 

Even with these early versions of MUSICIV the subtly and 
composerly control of timbre, a hallmark of Randall's 
computer music, are already strongly in evidence. This is 
also the experience obtainable from another major work of 
Randall's, Lyric Variations for Violin and Computer (CAR- 
DINAL VCS-10057) where timbral relationships between 

the violin and the computer-produced sounds are exploited. 

Owing to the relatively large variety of timbral effects 
possible on the violin and the basic complexity of string 
tone, the challenge here seems to have involved an attempt 
to extend the timbral qualities of the violin even further. 
(One recalls the Synchronisms of Davidovsky for live 
instruments and tape). 

Randall's most recent endeavor in computer music 
composition is his music for the film “Eakins” (CRI SD 328). 
(Eakins was a Philadelphia artist, a painter of nudes, whose 



life and works are examined in the film.) Неге we have 

music that is admittedly “background” in nature. Randall 

states that it is literally background (in the music-theoretic 
sense) in that it is not to be noticed even as musıc ın relation 

to the “‘film-world” which it inhabits. Something akin to a 
Paul Weissian kind of definition of music comes to mind: 
music can be thought of as a kind of abstract matrix that 
more concrete human events easily fill, in whose am- 
biguous depths they find a kind of existential time flow that 
subliminally highlights the surface (foreground) of the 
"reel" world (in this case) as it passes before us. The effect 
of hearing this music without any foreground elements (i.e., 
the film) is very curious indeed. It is mildly sensuous, 
extremely heady music that has a very engaging surface. In 
concert (several years ago in Town Hall) the piece was even 

moving despite (or because of?) its very repetitive nature. 
Randall's computer music is of high artistic merit and he 
has used the computer with full knowledge of its im- 
plications as a medium. (Please read the jacket notes and 
his Compose Yourself, serialized in Perspectives of New 
Music, to gain insight into this remarkable personality.) 

Computer technology has had its influence on the 
electronic music scene in more modest ways. Memory 
devices that store sequences of control voltages are found 
on several electronic music synthesizers. These devices, 
however, provide only a more flexible approach to the 
organization of musical events, but do not alter the steady- 
state sounds of analog devices that the ear immediately 
detects as mechanical and accoustically unconvincing. The 

- ability to modify the timbre of a sound during the course of a 

single musical event is the real breakthrough in com- 

puterized electronics. After all, accoustical instruments as 
well as the seunds of our environment (‘‘natural’’ sounds) 

have a great deal of complexity. With computerized control, 
electronic music can now start to delve into this relatively 
unexplored region of music. 

For those who are interested in the use of computerized 
synthesizer music, FOLKWAYS FTS 33435 offers the 
efforts of J.D. Robb. Except as a curiosity, this recording is 
definitely "pour les enfants." 

_ А much more "with it" attempt is to be found on 
FOLKWAYS FTS 33437 by Jon Appleton. It is a sort of 
musical travelog (titled "World Music Theatre”) evocative of 

the "hot" medium of the radio (such "tribal" musings no 
doubt appealing to FOLKWAY'S ethnomusicological bias). 

. This recording should not even be mentioned in a review of 
computer music except for the fact that a forthcoming 
release, 7he Dartmouth Digital Synthesizer (FOLKWAYS 
FTS 33442), which will contain pieces by Appleton and 
others, was done on the newly completed system at 

Dartmouth that contains computer controlled digital 
modules. This system should provide the ultimate in real- 
time construction of electronic music. (See figure 4). In any 

case it should once and for all rid us of the flat, two- 
dimensional sounds of most conventional synthesizer 
music. | 

It is difficult to speculate on the future of computer music 
since its very definition changes daily. With the current 
rapid increase in technology, possibilities that seemed 
remote are now happening. Computerized equipment of all 

descriptions is mushrooming into existence. The most 
promising developments in technology, both the hardware 
and programming, are in the area of digital filters and 
miniaturization. The performance end of electronic musicis 
absorbing developments initiated by researchers and 
composers with access to larger installations. It is not 
inconceivable that soon one will be able to purchase a kit to 

build his own equipment for sound synthesis. The 
proliferation of electronic instruments with digitally con- 
trolled timbres is to be expected. And continuing research 
both technically and artistically will expand the vocabulary 

of what we now think of as music to include elements 
heretofore taken for granted. Texture, timbre, and rhythm 
especially fall into this category. B 
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Dance Notation 

By EARL UBELL 

Picture Leonard Bernstein rehearsing Beethoven's “Fifth 
Symphony.” There are no music stands; no music scores. 
Instead, Bernstein teaches each instrumentalist his or her 
part by picking up and playing each instrument or by 
humming passages. Slowly he works through the strings, 
the brass and the tympanists. 

Feasible? Yes. Crazy? Of course. No symphony orchestra 
learns a new piece that way. It would consume vast 
amounts of rehearsal time. Instead, as we all know, each 
player sight reads the score. The conductor then molds and 
polishes the ensemble playing into a work of art. 

Yet every ballet and dance company in the world normally 
stages performances by the first, the crazy method. 
Choreographers or balletmasters teach each dancer his or 
her role by the monkey-see-monkey-do technique. Only 

after hours of stepping and counting can ensemble playing 
begin. Which is one reason why dancers make about a third 
the pay of symphony players. 

In the past few months, | have witnessed two events that 
can alter forever the crazy artistic and economic course of 
the dance. 

Event No. 1: A small professional ballet company in 
Syracuse, N. Y., has learned in three weeks to read written 
dance scores so that they can now perform any written 
ballet. This is the beginning of true dance literacy. 

Event No. 2: A computer specialist, who is also a 
composer, has programmed a computer to speed up by at 
least five-fold the writing down of a ballet. This may be the 
Gutenberg leap for dance. 

In short, these two developments have simplified the 
reading and writing of choreography to give dancers the 
equivalent of sheet music. 

To those unfamiliar with rehearsal halls, it must come as 
a shock that one can even write down an ephemeral dance 
movement or that dance scores exist from which dancers 

can re-create a stage work. Dance, in its infinite variety, 

Earl Ubell, producer of special broadcasts for NBC News, is chairman of the 
Dance Notation Bureau. 

Copyright © 1976 by the New York Times Company. Reprinted by permission. 
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may seem beyond capture. Arms, hands, fingers, legs, feet, 
toes, torsos and heads cut through space at variable speeds 
їп any direction in a range of styles from the baroque to the 
clinical. 

One may ask: Why not use a film or videotape to 
reconstruct a dance? Some companies do so for simple 
pieces; moving images do give a wonderful overview. But 
reconstructing from film is like sitting a symphony 
orchestra in front of a recording and letting the musicians 
learn the music. 

Accurate dance writing has been possible since 1928, 
when Rudolph Laban, a German engineer, first published 
the system that now bears his name: Labanotation. In the 
intervening years, a handful of world specialists have 
ground out with great effort some 100 ballet scores. 

Since Laban, others have created writing systems, 
notably the late Rudolph Benesh, who devised a method 
called choreology, but more popularly is called by his name. 
Benesh Notation dominates British ballet, and an additional 
100 works have been recorded by Benesh and his followers 
all over the world. 

There has been controversy over which system is better. 
Benesh notators say their techniques are faster and easier 

to read than Labanotation. The adherents of Labanotation 
say theirs are more accurate, more detailed and more 

responsive to the choreographer's intentions. The truth? 
Opinions are easy to come by, but there is no valid test that 
has established the ascendancy of one system over the 
other. 

The time may be at hand when dancers can learn to read 

choreography recorded in Labanotation (top) or Benesh Notation 
with no more difficulty than learning a foreign language. 

Steps Into A New Era 

Just last season, New York saw four Kurt Jooss Ballets, 
40 years old, revived with the aid of Labanotation scores. 
(The choreographer's daughter, who remembered her 
father’s works, also played an important role in the 
production.) Ten Labanotated works by Doris Humphrey, 
who died in 1958, play each year to larger audiences than 
when she was alive. "Shakers," her pulsating dance piece 
about the religious sect, throbs on stages from Kodiak, 
Alaska, to Australia, to New York. 

Despite the triumphs of notation in keeping some dance 
alive, only a few dancers can read a Labanotation or Benesh 
Score, and no prominent choreographer writes one. 

For many dancers nothing can replace the actual 
movement; not even film or videotape. They believe dance 
exists only in the dancer's body at the moment of 
performance. For them writting seems to freeze the artistry. 

But time and technology can change all that. For example, 
about three years ago, Muriel Topaz, the chief Laban 
notator of the Dance Notation Bureau, a nonprofit organiza- 
tion devoted to spreading the word about notation, 
happened to be in France taking the French course for 
foreigners at the Sorbonne. “We did not translate the - 
French into English," she recalls. “I learned the French 
words for objects by observing them — ‘hands,’ ‘forks,’ 
‘books’ — saying ‘les mains,’ ‘les forchettes,' ‘les livres.’ Ina 
month | was dreaming in French." It struck Miss Topaz that. 
this teaching method could be transferred to reading 
notation. Accordingly, when she returned to New York, she 
plunged a group of professional dancers into reading, 

ee from the symbols to the movement — rarely 

From “An Introduction to Benesh Dance Notation," published by Adam & Charles Black; "Principles of Dance and Моуе- 
ment Notation, published by Dance Horizons 
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stopping to explain the meaning of the symbols іп words. 
Since the dancers were professionals, they easily per- 
formed the movements. Soon they saw the symbols as 
movements. | 

The test came when Топу and Sirpa Salatino, directors of 
the Syracuse Ballet Theater, invited Miss Topaz to use her 
new teaching method to teach their seven-member 
company to read notation and translate it into dance. The 
Salatinos feltthat if their company could learn to read, they 
could have easy and inexpensive access to an enormous 
ballet repertory that exists as notated scores. 

So Miss Topaz flew to Syracuse for a week where she and 
. Allan Miles, another notator, taught the dancers five to six 
hours a day to read and perform. At the end of a week, she 
handed the company the score for "Pas de Trois" by Andre 
Eglevsky (after George Balanchine) with music by Michael 

- Glinka. The idea was to have the dancers study the score for 
the next week. Miss Topaz would return the following week 
to see whether or not her pupils could dance the Eglevsky 
work. 

When Miss Topaz returned to Syracuse she found three 
casts had learned the trio. It was in rough form but the 
seven dancers had mastered all the moves of the 15-minute 
piece. She had only to polish the movements and interpret 
the few notation passages the dancers puzzled over. 

Since then, the Syracuse Ballet has learned five more 
works in the same way. These include four ballets by 
Antony Tudor and a work by Anna Sokolow. 

So much for reading. Now for writing. 
. To understand the importance of the computer, let's 
follow Miss Topaz through the notation of Jerome 
Robbins's "Les Noces,” a complex story ballet with music 
by Stravinsky involving 26 dancers and lasting 25 minutes. 
She. worked with Lucy Venable, another notator, for a year 
to produce the 365-page score that looks like a long-lost 
Aztec codex. 

The two notators transcribed different segments. They 
attended 75 hours of rehearsals conducted by the ballet- 
master James Moore, former artistic director of the 
Swedish Ballet, who had learned the piece from Mr. 
Robbins. Both notators learned each part as Mr. Moore 
taught it and made their own shorthand notes, unreadable 
by anybody else. 

Then each notator transcribed her shorthand into careful 
pencil sketches. After all the rehearsals ended, Miss Topaz 
took several months to complete and correct the pencil 
score. After several more months, the corrected score came 

back to the Dance Notation Bureau for an orthographer to 
make a carefully inked version. The inking took about 200 
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hours. (Today the bureau has a typewriter with a ball-like 
element created by I.B.M. for typing scores twice as fast as 
inking.) 

Altogether more than 1,000 hours went into the project 
at a cost of more than $4,000. 

Dr. Stephen Smoliar, a professor of computer science at 
the Moore School of Engineering at the University of 
Pennsylvania, who happens to be a composer and dance 
aficionado, and Maxine Brown, a graduate student there, 
have now made possible even greater use of the computer. 

Today Miss Topaz can sit before a television screen that is 
connected to a large computer. She touches a type-writer- 
like keyboard and rotates some knobs, and the notation 

glyphs appear on the screen, perfectly drawn and in proper 
position. In a few minutes she can fill the screen with a page 
of notation that would have taken her hours to complete as 
a pencil sketch. 

In a recent demonstration at the Ford Foundation, Miss 
Topaz used a Tektrotronix graphics terminal. When she 
punched a couple of buttons, the terminal printed in 
moments a piece of paper that contained the screen 
images. No inking! Moreover, if the operator wishes to edit 
the score, she touches a few keys to eliminate a symbol or to 
alter it. It happens in tenths of a second. 

Even at this stage, the computer could eliminate hours of 
tedium. But it can do more. It can do a lot of rote checking. 
For example, there is a symbol that designates a bent torso. 
Sometimes a notator will forget to "unbend"' the torso. The 
computer can be programmed to recognize the symbol and 
after the notator has completed a page to print out: “You 
have a bent torso symbol. Do you wish to unbendor will you 
wait?” 

Eventually, the terminal can be moved to the rehearsal 
studio with the notator entering the symbols directly on the 
screen at the rehearsal. During rehearsal, the choreo- 
grapher can receive paper printouts of work. 

Dr. Smoliar says that eventually the computer program 
can accommodate Benesh or any other notation. Indeed, in 
time the computer will be able to translate Laban into 
Benesh and vice versa. 

Miss Topaz estimates that notating a ballet like ‘Les 
Noces” would have been completed in less than 200 hours 
and a nearly complete, partially checked score would have 
been available at the end of rehearsals instead of a year 
later. 

With the twin developments in reading and writing, we 
are raising the dance to the status of the other performing 
arts in giving it a continuous documented history, and 
making it cheaper to rehearse, perform and establish 
repertory. B 
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NEW ШШШ POR 
CHOCOMPUTER MUS 

Malcolm Wright’ 

Since October of 1974 when the first 8-bit micro 
processor kit was introduced to the hobbyist, the 
computer kit market has exploded with a variety of 
supporting peripheral circuits. Who would have guessed | 
that today a person could have his own personal computer 
-at home to generate a form of animation on the television 
screen, play games in a software language like BASIC, 
control home appliances like a burglar alarm, or produce 

. different frequencies to an audio amplifier in the form of 
music? All this, and yet few of the applications or 
potentials of the micro computer kit have been developed. 
One of the applications for the micro computer which is 

just starting to be explored by the hobbyist is music. With 
only 45 bytes of instruction a simple routine was written by 
Paul Mork which could read a table of binary numbers in 
memory and generate a square wave frequency related to 
the value of the numbers. The small program by Paul could 
play simple melodies like "Daisy" or "Jingle Bells" when 
executed. Due to the speed of the micro computer, 
frequencies up to 2000 cycles per second could be 
produced. 

By December 1975 the scope of software music was 
expanded again. Alpha-numeric music with amplitude 
control was introduced by PCC? in a magazine article. The 
author, Malcolm Wright had written Alpha-numeric music 
for the 8080 with capabilities not considered before. The 
music was still a coded table of bytes for each melody, but 
the bytes were alpha-numeric characters in the ASCII 

. format. Now to play a note like middle C, the user just 
typed “4С” which specified the octave and the note. If the 
user wanted a sixteenth note of B flat, one octave higher, 
he would type “5SB!” into memory. Alpha-numeric music 
allowed the userto vary the volume, tempo, duration ofthe 
notes, generation of rests, repeat measures in music, 
generate six octaves of notes — sharp or flat, and create 
envelopes (attack) for special tonal qualities. 

Software has its limits and many companies are in the 
prototype stage of developing computer control hardware 
devices for music. The modern electronic organ with 
a band box (rhythm generator) gives an idea of how far 
we can go in synthesis of instrument sound. Imagine an in- 
strument like the MOOG synthesizer, used in many 
electronic music recordings, controlled by a computer! 
Dr. Prentis Knowlton in Pasadena, California has inter- 
faced a PDP8 minicomputer with a pipe organ and with the 
assistance of many interested friends has encoded 
musical pieces like Bach's Concerto in A-Minor and 
Rimsky-Korsakov's Flight of the Bumble Bee for computer 
control. The Bumble Bee can be played at tremendous 
speeds by the computer with no mistakes and with 
complete repeatability.? 
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If one is going to generate electronic sounds from a 
special circuit board for a computer, what should be some 
of its capabilities? The circuit should be able to simulate 
different tonal qualities by generating different complex 
waveforms other than just sine or square waves. The 
circuit board should be able to give different attack and 
decay times. for the notes to realistically simulate the 
various kinds of musical instruments. The frequency 
range of the circuit should be the whole audio spectrum 
from 15 cps to 20,000 cps atthe minimum. The user should 
have control of the volume and the duration of the notes 
generated. 

Another requirement that should be placed on the music . - 
synthesizer circuit board is that a minimum of the 
computer's time should be used to control the card — less - 
than 50%. If the control time is less than 100% computer 
usage then the computer can be executing other 
programs at the same time. Imagine computer games with 
sound effects in the background at the same time! 

The future for computer controlled instruments or 
synthesizer sounds is exciting. There are at least three 
companies presently developing these kinds of products. 
Solid State Music in Santa Clara, California is presently 
prototyping an Altair compatible card which will meet all 
of the above requirements. 
А a last note, imagine the future composer being able 

to write and edit pieces of music fora whole orchestra and 
being able to play the music instantly after completion by 
typing RUN on his computer! й 

‘Solid State Music, 2102A Walsh Ave., Santa Clara, CA 95050 

7Peoples Computer Company, Box 310, Menlo Park, CA 94025 

*An LP record of this system, “Unplayed by Human Hands" is available for 

$6.98 from Computer Humanities, 2310 EI Moreno St., LaCrescenta, CA 

91214. 



MPL: A PROGRAM LIBRARY FOR 
MUSICAL DATA PROCESSING 

by Gary Nelson* 

MPL (Musical Program Library) is a comprehensive 
system for processing musical information in a digital 
computer. Since music exists as graphic symbols and 
abstract concepts as well as acoustical phenomena, MPL 

provides facilities for working in each of these domains and 
in their intersections. MPL includes programs for sound 
synthesis, computer assisted analysis and composition of 
music, computer assisted instruction, and automated 
music printing. 

ЕЗ 

Hardware 

The core of the Oberlin College Computer Music System 
is a Xerox (now Honeywell) SIGMA 9 computer. The SIGMA 
9 operates in time sharing, batch, and real time modes. The 
particular advantages and capabilities of each mode are 

exploited in various operations of the MPL system. 
. Communications between the SIGMA 9 and the Computer 
Music Studio (CMS) are carried out via a Datamedia 1520A 

. APL/ASCII video terminal and via the Oberlin College time 
sharing network which is connected to terminals of various 
types at sites all over the campus. Sound is produced 
through a real time systems interface which contains four 
15-bit digital-to-analog converters and the related analog 
circuitry required to transform the computer generated 
signals into high fidelity music. CMS is also equipped with 
professional quality audio tape decks and loudspeakers for 
recording and monitoring the output of the conversion 
system. Musical graphics are produced on a Calcomp 563 
incremental plotter, a Tektronix 4013 graphics terminal, 
and a Diablo Hyterm Il impact printer/plotter. A diagram of 
the hardware configuration of CMS may be seen in Figure 
1. 

Host Programming Language 

The choice of a programming language upon which to 
base MPL became the most important decision in the 
development of the system. Preliminary versions of MPL 
(under other names) were attempted in BASIC, FORTRAN, 
SNOBOL4, and PL/I with varying degrees of success. Each 
of these languages was rejected because of inefficiency, 
incompleteness of implementation, limited availability, or 
incompatability with processes which were considered 
basic to a sophisticated musical programming system. 
Although FORTRAN has been retained for those com- 
ponents which require optimum computing efficiency, the 
majority of MPL is now written in APL (A Programming 
Language). APL has been described by its inventor Kenneth 
Iverson (1962) and in an excellent textbook by Gilman and 
Rose (1976). To borrow an informal remark from Andy 

*Oberlin Conservatory of Music, Ohio. 

(James A.) Moorer of the Center for Computer Research in 

Music and Acoustics at Stanford University, "better 
programming languages make better music languages." 
APL is certainly a better programming language than those 
mentioned earlier and its adoption has immeasurably 

advanced the development of MPL. APL is a dynamic 
language which is at home in the interactive environment 

of modern time sharing computer systems and is easy to 
learn in spite of its initial cryptic appearance. APL is also 
growing in popularity and may soon become the major 
language in computing. In short, many of the features 
which are described below as essential attributes of a 
musical programming system are basic capabilities of APL. 

Sound Synthesis Program 

The sound synthesis program for MPL is called FMORCH 
(an acronym for frequency modulation orchestra). FWORCH 
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Figure 1. Hardware configuration of the Oberlin Computer Music System. 
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computes the time varying pressure functions of the signals 
which represent specific musical sounds. This technique is 
well known and has been described in detail by Mathews 
(1969). Because this method of digital sound synthesis 
involves the computation of at least 40,000 numbers per 
second of sound, speed of processsing is critical. For this 
reason, FMORCH is written in FORTRAN and METASYM- 
BOL (the Xerox assembly language). The FORTRAN portion 
of FMORCH is an extension of sound synthesis programs 
written and described by Howe (1975a, 1975b). 

Structure of the Orchestra. FMORCH contains 64 
instruments and is capable of performing compositions 
with 64 simultaneously sounding parts. These parts are 
distributed as they are needed over as many as 32 musical 
lines. Each line may contain any number of parts (up to a 
combined maximum of 64) and that number may change 
every millisecond if the MPL user so specifies. Each line 

may be independent of all other lines with respect to 
dynamics, articulation, location and distance panning, 
reverberant characteristics, and timbral quality. FMORCH 
performs in a hypothetical acoustical space in which the 

exact center is designated O (see Figure 2). Four 
loudspeakers are positioned in a square in which the 

corners are a distance of one unit from the center of the 
space. Distance in MPL is expressed on a scale of O to 16 
where 16 represents a theoretical distance which is 16 
times the distance from the center of the space to any one of 
the speakers. Location is expressed in degrees of a circle 
whose center is point O. Location O is midway between 
speakers A and B. Figure 2 illustrates the path of a sound 
which pans from O to 720 degrees (two clockwise 
revolutions) while moving from distance 1 to 3. 

Synthesis techniques. FMORCH uses two techniques 
described by Chowning (1971, 1973). The frequency 
modulation (FM) technique is the most elegant, efficient, 
and versatile method yet developed for digital sound 
synthesis. FM is capable of producing quite acceptable 
simulations of existing musical instruments along with a 
wealth of timbral effects which do not exist in nature. All of 
the instruments in FMORCH are connected to a 
reverberating mixer. In this mixer, the output of each 
instrument is processed through a network of amplitude 
scalers and recursive filters to simulate natural reverbera- 
tion and cues for location and distance. The implementation 
of these two techniques in FMORCH includes facilities for 
dealing with loudness contours, harmonic spectra, formant 
characteristics, and noise transients. Although an exten- 
sive understanding of acoustics is required to deal with the 
full capabilities of FMORCH, the methods provided for 
describing timbral parameters are designed with the 
musician in mind. 

Portable FMORCH. An equivalent version of FMORCH is 
being prepared entirely in FORTRAN so that it may be 
exported along with the remainder of the MPL system. This 
version will be compatible with MUSICABF (Howe, 1975a) 
and will require only minor modifications in that program. 

Notation Program 

The MPL program for musical notation is a generalized 
package for processing graphic data. This program reads 
symbol codes which are produced by the MPL graphics 
editor and generates the appropriate sequence of pen 

movements for each character to be drawn by the Calcomp 
plotter. For proof reading, the output of this program may be 
directed to the Tektronix 4013 graphics terminal. Although 
the screen on this terminal is too small to provide a 

satisfactory representation of an entire page of musical 
score, it is sufficient for detecting misplaced characters and 
similar errors. The Tektronix terminal is also useful for 
viewing fragments of a score page when detailed editing is 
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required. An alternate version of this program which will 
produce output suitable for the Diablo Hyterm Il impact 
plotter/printer is under development. The MPL graphics 
program is capable of generating the standard set of 
musical characters (see Figure 3) and special symbols 
which may be designed and encoded bythe MPL user. Allof 

the figures for this paper were produced with MPL graphics 
programs. 

Design Considerations 

The goals for MPL were stringent and perhaps even 
idealistic at the outset. These goals revolved around the 
fundamental precept that musical considerations should 
never be sacrificed because of hardware limitations or the - 
expediencies that tend to arise from the application of the 
artificial languages of computers to human activities and - 
thought processes. The initial concepts of MPL have 
remained unchanged through seven years of research, four 
preliminary versions, and five host programming 
languages. Nearly all of the original concepts have 
materialized in the present version of MPL. The following is 
a summary and brief discussion of those attributes which 
were deemed essential to the development of a 
sophisticated tool for computer applications in music. 

Integration of Applications. As mentioned above, music 
.exists in more than one domain. Computer programs for 
music which favor sound synthesis over analytical 
Capabilities or musical graphics over compositional 

operations will quickly discourage the imaginative musi- 
cian. He will be led through a maze of incompatibilities 
among diverse programs and systems and inevitably reach 
the common but unfounded conclusion that computers are 

basically unresponsive to musicians. MPLstrives to remove 
this confusion by confronting the user with a single entity 
which is capable of treating the well established musical 
applications of computers in a comprehensive and in- 

tegrated manner. This characteristic of MPL helps to 
promote the highly desirable state in which the 
relationships and interactions between the various musical 

domains may be better understood and exploited. 

Musical Style. MPL is intended for use by music 
theorists, historians, performers, music educators, and 
ethnomusicologists as well as by composers who ex- 

pressed themselves in a wide range of musical styles. It is 
paramount therefore that MPL be without prejudice with 
respect to musical style. Initial use of MPL has been 

encouraging on this issue. The earliest applications of MPL 
include demonstrations of Javanese and Persian scales, 
performances of Baroque keyboard works in Werkmeister 
intonation, and the production of rhythmic and harmonic 



exercises for use in aural skills tests at the Oberlin 

Conservatory. MPL is currently employed by about a dozen 
faculty members in their research and composition and by 
more than thirty students in activities related to their course 
work. 

Conversationality. The most productive interaction 
between man and machine is a conversational mode. In 
such a mode, the computer may be directed to carry out 
tasks which are repetitive, time consuming, or utilitarian 
while the computer user may be occupied with tasks which 
require insight, initiative, and intuition. The advent of 
modern time sharing systems has made the implementa- 
tion of the conversational aspects of MPL relatively routine. 
In MPL, actions are always initiated by the user. When 
responding to such actions, MPL will frequently lead the 
user by requesting information that is required to carry out 
the prescribed operation. MPL may also report intermediate 
results and ask for a decision on how to proceed after some 
part of an operation has been completed. Although the 
program will occasionally appear to be in control, the user 

has several means by which to escape that control and 
resume the initiative. It is a conversation in which the 
person must always have the last word. 

Transportability. In the belief that computer music has 
seen too much activity that may be compared to the 
reinvention of the wheel and the rediscovery of fire, MPL 
has been designed to be exported to other sites and 
implemented on a wide variety of computers. The choice of 
APL as the host language contributes greatly to the 
transportabilfty of MPL. Initial investigation indicates that 
only minor alterations in the Oberlin implementation of 
MPL will be needed to install the system on IBM, UNIVAC, 
Burroughs, DEC, and Control Data computers. The author is 

=- currently working with members of the National Consor- 
tium for Computer Based Musical Instruction to install and 
verify MPL on each of the most widely used computing 

_ Systems. 

Maintainability. Any complex system for data processing 
must be easily maintained and updated. MPL is designed in 
the best tradition of structured programming. It is entirely 
modular and each module performs a single well defined 
function. Adding new features to MPL and exterminating 
bugs in old features has proved exceptionally easy in the 
early stages of the use of the system. APL provides 
debugging facilities which are interactive and extremely 

powerful when compared to similar facilities in other 
computer languages. The file management components of 
MPL are straightforward and the structure of MPL data files 
Is simple anddirect. Each entry ina file is affixed with a code 

P which indicates what kind of data is contained therein and 

how that data relates temporally to other data in the file. 

Learnability. Since MPL is intended for musicians, it is 
designed to be intelligible first with respect to the 
terminology and experiences which are familiar to in- 
dividuals with musical training. All components and 
operations in MPL have musical identifications. The 
interactive nature of APL further contributes to speedy 
comprehension of the capabilities and use of MPL. A facility 
is provided with which a user may ask for a description or 
tutorial example of a particular feature of MPL. APL 
provides a facility with which the program designer may 
detect errors made by the user and initiate some corrective 

action. If such an action cannot be taken, the designer may 
replace the standard APL error messages with more 
informative messages of his own. Such messages in MPL 
often contain suggestions for tutorial exercises which will 
lead the user toward an understanding of the nature and 
cause of the error. In short courses with musically 
sophisticated users, six hours of lecture/demonstrations 
proved to be sufficient introduction to MPL so individual 
work could be undertaken. Conservatory students are 
exposed to MPL in a semester course which includes many 
tutorial exercises and a complete introduction to APL. 

Expansibility. The initial experiences of the MPL user 
can be accomplished without a knowledge of APL. Although 
it is not recommended, an individual may accomplish a 
great deal musically with MPL without learning APL. The 
use to date has shown that the versatility of MPL increases 
directly in proportion to the user's familiarity with APL. In 
the computer music course at Oberlin, APL and MPL are 
taught concurrently. In addition to this inherent expansibili- 

ty of the system, MPL contains features which encourage 
communication among users. A directory of MPL users is 
maintained with annotations describing the nature of the 

work each user is doing. Suggestion and mailbox functions 
are also provided. Functions are available to enable usersto | 
share data and operations which they have designed for 
their own application of MPL. It is hoped that this ease of 
communications among users of diverse musical interests 
will increase the quality and quantity of work in computer 
music. 

System Organization 

A chart of the relationships among the principal 
components of MPL may be seen in Figure 4. The following 
is a brief description of each of these components and how 
they interact in MPL. 

Workspace. The APL workspace is a hybrid entity which 

contains both programs and data. In MPL, the workspace 
acts as a control center and as a scratch pad. The control 
operations are concerned with communication between 

the workspace and the MPL data files. The workspace 
contains functions with which the user may create and 

Figure 3. Example of musical score printed using the MPL NOTATE function. 
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manage his personal files. A variety of input and output 
functions are available and parameter codes are provided 
so that the contents of data files may be addressed by type 
and temporal location rather than by absolute indices. 
When operating as a scratch pad, the MPL workspace may 
be used to experiment with musical structures. Once these 
structures are developed to the satisfaction of the user they 
may be transferred to a data file. Musical data structures 

may be manipulated analytically and compositionally in a 
variety of ways by using the large vocabulary of functions 
provided with MPL. The MPL user may combine these 
functions into larger and more specific operations with 
which to: carry out his musical computations. Since 
initializing an MPL workspace is a very complex procedure 
that a typical user cannot be expected to deal with directly, 

an initialization program is provided to get the user started 
and to give him introductory information. 

Score File. The MPL score file contains data which 
describes a specific composition. This file is organized by 
lines which correspond to the lines described in the 

discussion of FMORCH. The score file has 99 lines which 
are individually addressable by setting a line pointer. (Only 

the first 32 lines may be performed by FMORCH.) Once the 
line pointer is set to a particular line, all data transferred 
from the workspace to the score file is associated with that 
line. The line pointer may be changed as often as the user 
desires and data may be entered into the score file in any 
order. Within a line in the score file, the storage location is 
determined by temporal information in the data. The unit of 
measure for time in MPL is the beat. A beat is an arbitrary 
unit which has been given the value 1. Each line may 
contain up to 9999 beats. Each entry in the score file 
corresponds to a beat and all musical events which occur at 
or near a particular beat are stored together in the file. This 
scheme results in a chronological ordering of the score file 
which eliminates time consuming sort operations and 
facilitates the work of the score editor. The data stored in a 
score file relates to pitch, rhythm, tempo, dynamics, 
articulation, and instrumentation. For compositions which 

are to be performed by FMORCH, the score file also contains 
specifications for location and distance panning and for 
characteristics of reverberation such as depth and decay 
time. For compositions which are to be printed, the score 

file contains specifications for clefs, key signatures, 
barlines, time signatures, and other graphic musical data. 
The MPL user may create a new score file for each 
composition or he may store several compositions in the 
same file through manipulation of the line pointer. 

Timbre File. MPL timbre files contain information which 
describes the acoustical characteristics of musical in- 
struments. Each parameter may develop dynamically 
during a note or musical phrase and that development may 
be dependent on or independent of other timbral 
parameters at the discretion of the MPL user. Each entry in 
the timbre file represents the prototype of a musical 
instrument. Multiple copies of an instrument are 
automatically generated whenever two ог тоге 

simultaneously sounding notes are assigned to the same 
timbre. The definition of a timbre therefore makes possible 

an ensemble of up to 64 instrumental parts with that 
timbre. Each MPL user may have his own timbre file and 

there is a provision for users to share timbres by mutual 

agreement. In addition, a public timbre library is available to 
all MPL users. 

Graphic File. MPL graphic files contain information 
describing the pen movements required to draw a character 
or symbol on one of the graphic output devices. Each MPL 
user may have his own graphic files and/or obtain graphic 
symbols for his musical score from a public graphic file. The 
public graphic file contains all of the standard musical - 
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Figure 4. Organizational chart of the files and programs in the MPL 

system. 

characters such as duration symbols (half notes, etc.), clefs, 

accidentals, barlines, and dynamic markings. 

Score Editor. The MPL score editor is made up of 
functions which permit the selective insertion, deletion, or 
replacement of data in a score file. Figure 5 shows the 
sequence of MPL operations required to encode the musical 
excerpt shown in Figure 3. 

Discussion of Figure 5. The following remarks are in 
reference to the numbered lines of Figure 5 and are 
intended to illustrate the use of MPL through an elementary 
example of musical encoding. At (1) and (2), H3 (three half 
notes) and DQE3 (three repetitions of a dotted quarter and 

eighth note pattern) are defined for later use. H3 and DOE3 
are duration lists in which the beat has been interpreted as 
a quarter note and durations are expressed relative to that 
interpretation. If negative durations had been used, they 
would be interpreted as rests by any MPL function which 
operates on duration lists. The beat in MPL is an arbitrary 
unit of time which is subject to interpretation by the user 
within the context of a particular composition. A composi- 
tion in 3/8, for instance, would be encoded more easily if 
the beat were interpreted as an eighth note or dotted - 
quarter. Note the use of REP in (2). REP isone of a number of 
MPL functions which provide shortened methods of 
encoding musical data. At (3), the function MEL is invoked 
to define the "melody" L1. A melody in MPL is simply а 
musical structure in which each duration has only one pitch 

(as opposed to chords and does not have any esthetic 
connotations. MEL asks for a list of durations in (4) and 

issues the prompt character in (5). In (6), the user suppliesa 

duration list using the predefined fragment H3 along with 
numbers which specify the nonrepetive durations of line 1 
of Figure 3. At (7), MEL has counted the number of 
durations entered and informs the user that 9 pitches are 
required and issues a prompt at (8). At (9), the user responds 
with a pitch list expressed in MPL pitch codes. In the MPL 



pitch code, 48 is middle C (C4) and a tempered semitone - 

(100 cents) is 1. An octave is 12 semitones; therefore, the 
first pitch in (9) is an octave above middle C (60=48+1 2). If a 
pitch code contains a fractional part, that part is understood 
to be the number of cents above the pitch designated in the 
whole number part of the code. The pitch 48.23 is 23 cents 
above middle C. In (10) through (16) and (17) through (23) a 
similar procedure is used to encode the pitches and 
durations of lines 2 and 3 of Figure 3. At (24), the line 
pointer is set to line 1 of the score file and data to be 
associated with that line is "put" into the file. The 

parameter codes PIT (pitch), DYN (dynamics), KEY (key 
signature), CLEF, and MET (meter or time signature) 

indicate what kind of data is being stored. These parameter | 
codes combine with temporal information in the data to 
determine where the data is to be stored in the file. At (27- 
32) and (33-38) a similar procedure is used to put data into 
lines 2 and 3 of the score file. 

After (3), (10), and (17) have been executed the variables 
L1, L2 and L3 are resident in the MPL workspace. The 
structure of the data assigned to these variables is a four 
column matrix with a row for each pitch. This structure is 
designated a "pitch matrix” іп the terminology of MPL. The 
first column of an MPL pitch matrix contains the starting 
times of the notes as computed from durational information 
supplied by the user. The second column contains the 
durations of each note. The third and fourth columns 
contain the initial and terminal pitch for the note. These two 
pitch columns are identical except in the instance of a 
glissando. MPL contains a wide variety of functions for 
operating on pitch matrices. 

Timbre Editor. The timbre editor provides the facility for 
dealing selectively with the individual parameters of 
musical timbre. The development of each parameter over 
the duration of note is specified as a line segment function. 
The number of line segments may be different for each 
parameter. The duration of each segment may be indepen- 
dent of (real time) or dependent on (relative time) the 

duration of the note to which it is being applied. 

. Since timbre definition is a rather complex matter which 
requires a reasonable acoustical insight, MPL functions are 
provided to lead the user through tutorial sequences in 
instrument design. MPL timbres may be given names which 
are descriptive of the sound they produce. The turn around 
time on the Oberlin computer system is also short enough 
to make trial and error a viable approach to the specification 
of timbres. 

A complete description of the timbral capabilities of MPL 

Is beyond the scope of the present discussion. However, a 
few brief highlights will give some insight into the inter- 
relationships among the parameters of timbre. Duration 

may be a function of pitch in such instruments as the piano 
(with the sustain pedal depressed) or cymbals where 
resonance will decrease naturally over time according to 
the physical characteristics of the vibrating body. Larger 
bodies tend to vibrate longer than smaller bodies of the 
same material and construction. It has been made possible 
therefore to define a timbre in MPL which lengthens or 
shortens the durations of notes according to some scale of 
simulated resonances. This permits synthesis of such 
effects as /aissez vibre which is common in compositions 
for harp and chimes. Pitch is a function of location and 
distance when a sound is traveling fast enough to produce 
the Doppler effect. The harmonic spectrum of many 
traditional musical instruments varies according to the 
loudness and pitch of the note being played. Vibrato rate 

" often increases in a crescendo. A listener's perception of 
harmonic spectrum is influenced by his distance from the 
source of the sound. Such parameters as pitch inflection 
and noise transients are common in acoustical instruments 

and desirable in synthetic instruments if the intent is to 
simulate the natural qualities of live performance. 
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Graphic Editor. The MPL graphic editor permits the user 

the ability to deal with the visible manifestions of music on 
several levels. On the lowest level, he may specify the pen 
movements of the plotter directly. A character may also be 
defined interactively at the terminal by designing a dot 
matrix. Once such a matrix is completed, a function may be 
invoked to translate the dot pattern into a sequence of pen 
movements. Characters may be concatenated to produce 
composite symbols. Symbols may be moved to any X-Y 
coordinate and their size may be altered independently in 
the X and Y dimensions to produce elongated and elevated 

characters. Symbols may also be rotated through a full 360 
degrees. 

PERFORM Function. The MPL function PERFORM 
merges a score file and a timbre file into a performance file 
which is suitable as input to FMORCH. With PERFORM, the 
MPL user may proofread a score or timbre aurally. 
PERFORM permits the performance of selected lines within 
selected time frames as specified by the user. With this 
capability, the user may isolate and perform particular 
passages in his music without having to start at the 
beginning each time. Short performances of thirty seconds 
or less can usually be accomplished while the user is in the 

Computer Music Studio. Longer performances of up to six 
minutes are run overnight and stored on digital tape until 

they can be processed through the digital to analog 
converter. Several of these overnight runs may be spliced 
together to form extended compositions after the conver- 
sion has taken place and the music resides on audio tape. 
PERFORM also supplies appropriate default values for 
parameters which the user leaves unspecified in the score. 

The defaults include location and distance, reverberation 
depth, and even a default timbre with which the user may 
perform a score before he develops the skills required to 
design his own instruments. 

NOTATE Function. The MPL NOTATE function merges a 
score file and a graphic file into a notation file which is 
suitable as input to PLOT. (PLOT is a small FORTRAN 
program which is required because no direct communica- 
tion between APL and the Calcomp plotter is available at 

Hg 2 22 
DOES <= 3 RER 125 25 

LI << MEL 

DUR? 

H3,4 2,H3,4 

9 PITCHES? 

60 60 60 61 60 58 58 58 63 
L2 < MEL 

DUR? 

H3,DQE3,H3,4 
13 PITCHES? 

(GF REP 96) 6775655 53 56:4 REP- 55 

ІЗ <= NEL 
DUR? 

DQE3,4 2,DQE3,4 
15 PITCHES? 

41 42 Ui 39 37 36 34 46 39 41 39:38 39 37 36 
LINE 1 
PIT PUT L1 
DYN PUT 0 6 6 7 12 6 18 7 
CLEF PUT 0,TREBLE 
KEY PUT 0 -4 
MET PUT 0 3 2 
LINE 2 
PIT PUT L2 
DYN PUT 0 6 6 7 12 6 18 7 
KEY PUT 0 -4 
CLEF PUT 0,ALTO 
MET PUT 0 3 2 
LINE 3 
PIT PUT 13 
CLEF PUT 0,BASS 
MET PUT 0 3 2 
KEY PUT 0 -4 
DYN PUT C 7 6 6 12 7 18 6 

( 26) 
(27) 
(28) 
(29) 
(30) 
(31) 
( 32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 

Figure 5. Example of an encoding 

functions. 

sequence using MPL score editing 
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present.) NOTATE interprets the numeric information in the 
score file and translates that information into the 
equivalent graphic symbols. Once the translation is 
complete, NOTATE formats the score by positioning each 
character according to the established rules for musical 
notation. Figure 3 was printed by applying NOTATE to a 
score file created (in part) by the execution of the MPL 
program shown in Figure 5. 

Conclusion 

Itis hoped that the preceding discussion of the philosophy 
and mechanics of MPL will provide some preliminary 
understanding and appreciation of the capabilities of the 
Oberlin Computer Music System. Although MPL is installed 
and working, its ultimate test is still in progress. Thattestis 
of its utility to a wide range of musicians from students to 
professionals whose musical interests and ideas cover a 

territory which is perhaps too large to measure. 8 

COMP SCI 

SERENADE 

(Sung to the tune of 

“Му Bonny Lies Over the Ocean") 
DRESSING. 

My program lies under the backlog 
My card deck's all over the floor 
The plotter is using a crayon 
And I just can't take any more 

CHORUS: 
Bring out, bring out 
Oh bring out my printout today, today 
Bring out, bring out 
The one you ripped off yesterday 

of field. 

The card reader chewed up my job card 
And someone erased all my files 
The system has been down for hours 
While people collapse in the aisles 

key pad. 

CHORUS: 
Flunk out, flunk out 
I worked like a dog each and every day 
Flunk out, flunk out 
Twelve projects were due yesterday 

phosphor. 

Security holes l've discovered 
The records of grades are now mine 
What once was a one-point-five average 
Will soon be a three-point-nine-nine 

TDL ZPU Board 

CHORUS: 
Send out, send out 
Oh send out the grades to big companies 
Send out, send out 
They'll all want a scholar like me! 

— Terry Bollinger & 
The Watt Five 

(Computer Science Dept. 
Univ. of Missouri—Rolla) 

MAR/APR 1977 

XilnigDiA PRteSecNcS 

The SOROC 10120 
CURSOR CONTROL. Forespace, back- 
space, up, down, new line, return, home, 

ta ОРЕ С ABSOLUTE .GURSOR AD: 

TRANSMISSION MODES. Conversation 

(half and full Duplex) 

MODE — transmit a page at a time. 

FIELD PROTECTION. Any part of the 

display can be "protected" to prevent 

overtyping. Protected fields are displayed 
at reduced intensity. 

EDITING. Clear screen, typeover, abso- 

lute cursor addressing, erase to end of 
page, erase to end of line, erase to end 

DISPLAY FORMAT. 24 lines by 80 char- 
acters (1,920 characters). 

CHARACTER SET. 96 characters total. 

Upper and lower case ASCII. 

KEYBOARD. 73 keys including numeric 

REPEAT KEY. 15 cps repeat action. 

DATA RATES. Thumbwheel selectable 

from 75 to 19,200 baud. 

SCREEN. 12 inch rectangular CRT — P4 

Specials of the Month 

OAE Paper Tape Reader 

North Star MICRO-DISK 

with Power Supply & Cabinet 

Cromemco DAZZLER 

XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 

THE PERSONAL COMPUTER ENTHUSIAST AND THE 

SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL 

YOUR HARDWARE AND SOFTWARE NEEDS. 

OUR RETAIL STORE — THE COMPUTERIST™ — 15 NOW 

OPEN IN. SAN FRANCISCO. CALL US FOR DIRECTIONS. 
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“The future may be a fiction.” 
— Anonymous survivor of a New Jersey mugging 

— New Universe Spaces, June 13, 2165 — 

John Lektrowsky, the world’s only STARNAUT, joined 
the Chewlard Order yesterday. The massive gates of the 
students’ portal of the Chewlard Monastery opened 
briefly to receive his body and instrument. He entered 
clad in the traditional "Tails" with violin, the 1704 Betts 
Stradivarius under right arm, Tourte bow dangling from 
thumb and forefinger, and the page of manuscript in left 
hand. Observers speculated that it was the opening of the 
Back Chaconne, but, of course, this information is not 
revealed by the Order. : 

Lektrowsky's sensational return from Alpha Centauri 
preempted the headlines nine months ago. He was the 
first and only STARNAUT to be declared sane on arrival, 
although some consider his subsequent application to the 
Chewlards at the certified age of 35 to be an indication 
of, at least, judgmental disequilibrium. Others attribute 
it merely to long practice or time alienation from the 
world. Lektrowsky, himself, maintained that his choice 
was a reasonable consequence of 20 years acceleration 
during which space he practiced the Chaconne and that 
only the impossibility of playing the music preserved his 
motivation and sanity. Whether or not his opinions are 
believed, the Chewlards broke their traditional rule limit- 
ing novitiates to five years of age or younger. The argu- 
ment over Lektrowsky's age has never been satisfactorily 
resolved. He was born August 14, 1985, entered space in 
the year 2001, and returned in 2164, earth time. Accord- 
ing to both his records and the certifying physiologists, 
he spent twenty life years under acceleration attaining a 
speed greater than 99 percent of the speed of light. 
Physicists still have not been able to explain the time 
discrepancy. One group maintains the theory of relativity 
must be revised, another that he passed close to a Black 
‘Hole. 

Lektrowsky left a will to be made public in two weeks. 

— New Universe Spaces, June 27, 2165 — 

STARNAUT’S WILL READ 

John Lektrowsky’s will was communicated today from 
the offices of Burk and Fint in an unusual transmission. 

Lektrowsky is assumed to be still alive somewhere in 
the Chewlard auditoria, though his existence will be con- 

Editors note... | 
Max Mathews is considered to be “the Father of Computer Music" by 

virtually everyone now working in the field. Currently, he is the Director of 
the Acoustical and Behavioral Research Center at Bell Telephone 
Laboratories. This lab does work in the areas of learning, speech 
communication, vision, psycholinguistics scaling, sensory physiology and 
physical acoustics. 

At Stamford’s Artificial Intelligence Laboratory І was given a grand tour by 
Leland Smith, Dick Moore, and John Chowning of the important, fascinating 
work they're doing with computer music. Dick Moore, who worked with 
Max Mathews at Bell Labs, knew of the existence of Lektrowsky's Will and 
he and | felt it would afford Creative’s readers a unique opportunity to 
glimpse a fictional future of music by someone who today is creating that 
future. Mr. Mathews granted us permission to print this work. 

—BG 
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firmed only if his style can be identified on a recording. 
which, as is well known, are the only messages ever to 
leave the monastery gates. Although public interest in 
Lektrowsky has somewhat abated, Burk and Fint's com- 
munications were copied by all major news media. The 
most unusual feature was the will. The only property in- - 
volved is the information in the document itself and this - 
“wisdom” Lektrowsky left to the entire universe in order 
that “the future may profit from the experience of the 
past". Following the Spaces longstanding policy, the en- 
tire document will be published in the Moonday Supple- 
ment and annotated excerpts are given below. 

Will of John Lektrowsky 
|, John Lektrowsky, being of sound mind but unusual 

experience and having voluntarily left the company of 

man by joining the realms of eternal Chewlard practice, 

do nevertheless feel kindly toward the world and wish to 
give to it the wisdom which I, the only sane and surviving 
STARNAUT, possess. Accordingly, 1 hereby will this docu- 
ment to the entire Universe for whatever good uses can 
be made of these unique opinions. Since time is short, 1 
will simply attempt to describe my reactions, those of a 
20th century man, to the 22nd century world. My com- 
ments focus on music, because both the world and | owe 

our sanity to these vibrations. Their unique effect on our 
brains has never been explained or understood and 1 can 
subtract nothing from the mystery, but it is clear that 
without this form of expression race suicide might end 
our great civilization, even as apparently happened to the 
strange earless creatures on the inner planet of Alpha 

Centauri. 
The need in every man to create something beautiful, 

at least to his senses, was not appreciated in my day, per- 
haps because it was partly fulfilled in the course of nor- 
mal work. A lucky man might spend his years building 
houses or boats or gardens, which could be made more 
beautiful, or at least better, by the loving effort he put 
into their construction. Even the automobile worker 
could be proud of the sparkling chromium and bright © 
colors on his cars knowing that somewhere deep inside 
he had tightened a vital nut to just the right torque, and 



that the motor might fall out if his work was neglected. 
(Editor's note — the automobile, an ancient form of trans- 
portation, was used until about 2010 when the petroleum 
supplies were exhausted.) Now, with automatic factories, 
polyethylene grass, and the one-month work year, a sense 
of creativity in work is difficult to feel. To some extent 
this need has been filled by creativity in the arts and 
especially music where the new instruments and trainers 
have made it possible for almost anyone or any group to 
play a self-satisfying auditory performance. (Editor’s note 
— Here the will continues at some length developing the 
argument that, with the outlawing of any form of live re- 
cording, auditory performance is pure creativity and can 
have no utility, hence it has rightfully been excluded from 
productivity rationing. Music is contrasted to painting 
where no Satisfactory method for disposing of finished 
pictures has yet been invented, and they continue to pol- 
lute the walls of our buildings.) 

On Quadraspeakers 
My star ship having been equipped with an excellent 

stereo system, | was somewhat surprised to learn that 
recordings were reproduced over only four loudspeakers, 
albeit excellent ones. | had really expected to find the 
walls of rooms papered with tens or even hundreds of 
speakers designed to attack the ear from every con- 
ceivable direction. Of course, | had no way of knowing 
about the quadraspeaker revolution which occurred in 
the year 1990 and was decisive, if brief. | 

At that time, manufacturers started phasing out the 
dual stereo tapes and their accompanying four speakers 
and making available only incompatible eight channel 
disks which required completely new turntables plus, of 
course, four more speakers. The response from the pub- 

- lic, whose memories of the transition from two to four 
speakers were all too vivid, was immediate. Factory walls 
were stormed, production lines wrecked, and atrocities 
committed. An unfortunate Vice President of Advertising, 
who tried to sway the mob, was found with his head in a 
folded horn driven by a 500 watt amplifier playing both 
channels of an old stereo Rock recording. 

Happily, a technical solution to the impasse was feasi- 
ble. Some work of an early computer musician, Howning, | 
was rediscovered and developed. By using ingenious 
techniques involving mixing reverberated and direct 
sounds plus Doppler frequency shifts plus time delays, 
Howning was able to demonstrate that four speakers are 
sufficient to reproduce sounds from any direction or any 
distance and to create moving sounds, in fact to create 
sounds moving faster than the speed of sound. These 
methods were developed into the quadraspeakers which 

- have been standard for so long. 
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On the Absent Audience and Virtuosity 
Some men, returning from a long trip, yearn for ice 

cream or some other edible. |, coming home from an in- 
credibly longer journey, dreamed of again hearing a con- 
cert, even the nonmusical parts of the performance — the 
orchestra tuning, the audience coughing, the conductor 
tapping his baton. You can imagine my crushing disap- 
pointment to learn that audiences had been banned many 
years ago from all auditory performances. Only gradually 
have | come to agree with the wisdom of this decision. | 
now understand that any live performance of any Index 
work would be bound to be far inferior to the flawless re- 
cordings, released in cathedra by the Ecumusical Synod, 
and reproduced to noiseless technical perfection over 
the quadraspeakers built into every room. (Editor's note 
— Although no one would argue against the superiority of 
recordings, the audience ban was enacted for another 
reason — to protect the performers. Auditory performance 
grew out of an ancient ritual, The Happening, invented 
in the mid 20th century by Allen Kupro, John Kage, and 
several other artists far in advance of their time, perhaps 
too far. The instruments available then were so poor that 
the result was frequently unendurable and performers 
were all too often lynched by the angry audience.) 

Even after hearing a recording, | cherished the hope 
that occasionally a monastery gate might open a crack 
to allow a select few to witness a recording session. My 
naivete was so great | had to be told that any virtuoso 
worthy of his tails would play at least twice as fast as the 
listening tempo and all recordings are carefully slowed 
down before being released. Paginenius, according to my 
informer — a man with rank of Mabbot — played nothing 
slower than four times real time including his measure 
from “The Flight of the Bumblebee". Such virtuosity, he 
explained, is achieved by having each performer concen- 
trate on a short section, typically a measure, of one piece 
and practice it to the ultimate perfection. Complete per- 
formances are created by abutting the efforts of many 
such specialists. While | look forward to such an oppor- 
tunity to perfect my technique, | must admit to occasional 
nostalgic memories of my voyage, when | played the en- 
tire Chaconne, however badly. (Editor's note — Certain 
restrictions are presently in effect to limit ways of achiev- 
ing virtue. Paginenius resulted from the crossbreeding of 
a Congolese drummer with a Chinese ping-pong champ- 
ion. Such genetic engineering is outlawed.) 

On Audio Performance 
To you, Audio Performance — Audance as it is called — 

must have the comfortable familiarity of a close friend, 
but for me, coming from a time when each note had to 
be individually handcrafted, my first Audance seemed a 
miracle of mass production in which swarms of notes 
grouped and regrouped themselves to embody the per- 
formers' musical ideas effortlessly as if in answer to their 
very thoughts. As | later learned, the computer was con- 
trolled by perfectly ordinary devices and the “miracle” 
lay in the trainer's program. | am most grateful to the 
government for making an exception to the strict laws 
banning audiences at Audances, though | feel it was en- 
tirely justified by my special circumstances. | believe my 
disguise as a repairman looking for an intermittent bug 
in the computer was accepted and the performance was 
normal. 

| arrived a little before the performers. The chamber, a 
pleasant room almost 15 meters long was furnished with 
about a dozen consoles resembling TV sets distributed in 
a comfortably irregular pattern. Some had chairs, others 
were at standing height so the performer could move free- 
ly as he reacted to the music. Only the control console of 
the computer and the card reader were actually in the 
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room, the main circuits being in an adjacent room. The 
usual quadraspeakers were incorporated into the walls 
and the sound came from there just as it would have for 
any recording. 

From my chosen post, hovering over the card reader 
with miniscope in hand, | was able to watch the players 
assemble. All but one selected some control devices from 
a cabinet and plugged cables from these into their con- 
soles. A box with knobs, an organ keyboard, a wand 
which could be freely moved in three dimensions, or a 
set of foot pedals were popular with the younger players. 
Some devices looked vaguely like archaic instruments — 
a violin without a body, a clarinet with a solid tube, a 
board which could be struck with a stick. These were 
favored by the older players who | guessed might have 
studied traditional instruments. 

In discussing the performance afterwards with the 
trainer, | learned that the simplicity of appearance of the 
devices was deceptive. The knobs responded not only to 
twisting, but also to how hard they were grasped and 
even to the skin temperature of the performer. The key- 
board was sensitive to both vertical and horizontal pres- 
sure on the keys as well as to velocity and displacement of 
key stroke. As far as the computer was concerned almost 
any device could control any function so that the players 
could quite arbitrarily select something that fitted their 
training or mood. 

The player who had rejected all mechanical devices 
merely stood in front of his console and watched the TV 
display intently, thus making me erroneously suspect 
him of being some sort of performance critic. (Editor's 
note — Criticism of audio performance is one of the few 
capital crimes in our society. Fortunately, it is rare, the 
last critic having been executed over 50 years ago.) Far 
from being a critic, the trainer explained that this play- 
er, one of the most advanced in the group, was a looker. 
Built into each console is an eye-tracking camera, hence it 
is quite possible to play any note displayed on the TV 
screen simply by looking at it. With a more complex pro- 
gram, groups of notes can be played by sweeping one’s 
eyes across them. Although eyeing a score is one of the 
most facile performance techniques, more eye training is 
required to become proficient than might be imagined 
and not many performers reach this advanced state. 

An immediate quiet in the group was produced by the 
entrance of the trainer, a beautiful girl with long yellow 
hair, whose presence made it difficult to concentrate on 
the card reader. Trainers, in my time, would have been 
called composers, or conductor-composers, except that 
they would not have had the superb skill in programming 
achieved by the trainer through long years of understudy- 
ing master programmers nor the required certificate in 
psychotherapy. 

The Audance began with some discussion, not entirely 
audible to me, amongst the performers and trainer in 
which, I believe, she ascertained the mood of the group. 

- Next she selected a deck from her large music case and 
dropped it into the card reader. At the same time the 
performers took up their various devices. The trainer 
next inserted a key in the computer console and a low 
sound gradually swept round the quadraspeakers, rising 
in intensity, pitch, and rhythmic modulation as it moved. 
The effect on the performers was immediate and utter. 
During the set-up time, | had to attend discretely to my 
miniscope and poke the card reader occasionally to as- 
suage some slightly worried glances. From the first vibra- 
tion of the Audance to its reluctant finale, | could have 
paced in Chewlardian Tails in front of the oblivious per- 
formers, so completely was their attention captured by 
the sounds they were creating. The trainer explained that 
one of her most critical functions was to resolve and 
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terminate the performance while the players were still © 
alive. Early Audances, before trainers were mandatory, 
sometimes got into man-machine loops which were brok- 
en only by the collapse of the player, or in fortunate cases 
by some computer error. 

Three and one half hours later, as the last sound reluc- 
tantly died into a reverberated distance far beyond the 
walls of the room, the players slowly laid down their in- 
struments and slipped from the room guiding their feet 
over familiar steps with unfocused eyes. They had re- 
turned from another world, an inner world төче 
further away than Alpha Centauri. | 
How did the music affect me? Technically, there was 

no question about its excellence, and indeed there could 
hardly be any since the compositional rules were part of 
the program and the computer would allow exceptions 
only on command of the trainer. The sound quality was. 
also superb. All the normal instruments could be heard at 
various times when the brilliance we have come to expect 
from their enhanced reproductions on the quadraspeak- 
ers. But in addition, many new sounds were incorporated 
— some so different from normal instruments that it 
would be useless to attempt to describe them, others 
which seemed like crosses between standard instru- . 
ments. | amused myself inventing names for some — the 
Trumpolin, the Obow, the Piananet, the Harpsibone. My 
fantasies were closer to the truth than І realized. Players 
could construct timbres by mixing traditional instru- 
ments, for example, 10% violin, 30% trombone, and 60% 
tympani. The classic instruments provided a convenient 
palette to be combined into these new sounds. The three- 
dimensional wand was a popular tone control. 

However, comments on technique and sound quality 
are procrastination to delay answering my original ques- 
tion which must now be faced. Without risking violation 
of the criticism laws, | can certainly say | was not moved 
by the performance as deeply as were the performers. 
Many times the music rose to great peaks and fell beauti- 
fully into the intervening valleys which are as necessary — 
as the peaks themselves to define the summits. But the 
succession of climaxes did not form, for me, a convincing 
landscape. | do not know the reason — perhaps the en- 
vironment was constructed by the trainer for other per- 

 sonalities, perhaps the players’ improvisations limited 
the organization, perhaps my mood was unreceptive. In 
any case, | did not regret the non-recording act which, as 
the Audance ended, condemned the last never-to-be-re- - 
peated vibration to oblivion. But the thoughtful departure 
of the players testified to memories which would be long 



cherished. (Editor’s note — The Spaces take no respon- 
sibility for the above statements which border danger- 
ously close to criticism. Fortunately, the arm of the law 
seldom reaches inside the monastery walls.) 

On Trainers 
The skills of a trainer which encompass both an explicit 

theory of music and the most sophisticated programming 
techniques could hardly be described here even if | 
understood them. 1 can only recount a few recollections 
of an after-the-performance drink with Alison who im- 
mediately denied that she composed “works of art". In 
fact, she put down those pompous old soundbags like 
Beethoven and Brahms whose delusions of grandeur let 
them write something so it could be played again and 
again. Her function was to create an environment in 
which her group could express themselves musically in 
ways Satisfactory to themselves. This, she maintained, 
was both far more difficult than making a composition to 
be played by expert musicians and much more valuable 
than endlessly repeating the same old notes. Of course, 
she admitted the old fogies had perhaps done as well as 
they could considering their crude instruments. 

By contrast, the computer allowed almost any possi- 
bility from completely unrestricted improvisation to the 
exact replication of precomposed notes, though she 
would only consider precomposition for very inex- 

| perienced performers. Frequently, she would supply the 
harmonies by means of a program to a melody impro- 
vised by one of the players. The harmony rules could be 
changed frometime to time, either by herself or one of the 
players. Alternatively, the computer might improvise the 
melody, and the players, as the spirit moved them, might 
improvise restrictions on it making it proceed rapidly or 

= slowly, in scales or in great melodic leaps, or in arpeggios. 
The most interesting, but trickiest, controls involved 

interactions among several players. One might create the 
durations of a note sequence while another made the 
pitches, or one might create a rhythm pattern and the 
second a counter rhythm to go with it. When necessary, 

.the computer would resolve any conflicts according to its 
rules by changing the notes of one or the other player. 
Even so, Alison had to carefully select compatible part- 

. ners and, not infrequently, change the rules or arrange a 
hasty divorce to avoid a breakdown in the music. 

The TV consoles were invaluable in controlling the 
Audance. They could show a selection of possible sounds 
which the performer could play in any order he wished or, 
with another subroutine, they could show a phrase pre- 
composed by Alison which the performer could start or - 
stop at any time. They could reveal to one performer 
what another was improvising or show one of the global 
functions which Alison often provided to control the 
climaxes and valleys of the grand structure. In rare cases, 
they could picture a staff with notes that were played in 
the manner of ancient performance, except that the play- 

. ers could relax knowing that the computer would correct 
any mistakes they might make. | have already mentioned 
the unique use of the TV by the lookers. Alison confirmed 
my feeling that without TV, Audance would scarcely be 
possible. 

. In my century a woman composer was a rarity so | in- 
quired whether Alison felt out of place in a male profes- 
sion. Her reply was delayed by a sharp spasm which she 
was able to suppress with some difficulty by holding her 
napkin over her mouth. When she had recovered her 
voice, she explained that although the Men's Equality 
League occasionally cried discrimination or picketed an 
Audance, very few men were able to compete as trainers. 
She didn't know exactly why — something in the fem- 
inine outlook — men just never seemed to be able to learn 
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how to properly maintain the climaxes so vital to musical 
finales. 
We parted with her suggestion that, although group 

Audances were relaxing recreation, she also led private 
performances, which were incomparably more satisfy- 
ing, and if I would come by her studio some evening, she 
was sure she could make me forget the violin. Unfortun- 
ately, | had an appointment with the Chewlardian High 
Mabbot on the following day and, by the time | again 
thought of Alison, my future was committed in other 
directions. Had it not been for this quirk of timing, | sus- 
pect things would have come out very differently and | 
might not now be writing this will. 

On Monastic Music 
As far as | have been able to determine, no layman has 

ever before interviewed a High Mabbott in any of the 
musical orders. Not only was | granted this privilege, but 
the Mabbot answered all my questions and appeared to 
withhold nothing. It almost seemed as if he wished to 
communicate a better understanding of the Order to the 
world through me. Why he chose this poor vehicle | can- 
not say except that the customary audition at the begin- 
ning of the interview went well. As the demonstration 
had chosen the quintuple stops at the beginning of the 
second measure of the Back Chaconne, having practiced 
these from my second through thirteenth years in space. 
As written, all tones must be struck with precise simul- 
taneity. This, | achieved during final acceleration to the 
speed of light, and though the nonrelativistic perform- 
ance at earth speeds is immensely more difficult, never- 
theless the Mabbot was well pleased. (Editor's note — 
W. A. Back, who is occasionally confused with J. S. Bach, 
lived in the remote Green Forest of Bavaria in the 17th 
century. His music was lost and rediscovered in 1981 in 
the mens room of the New York Public Library on some 
old paper pressed into service during the great paper 
shortage which resulted from the Sierra Club's legisla- 
tion forbidding all tree cutting. In the Green Forest, dur- 
ing Back's time, a five string varient of the violin was pop- 
ular, which greatly simplifies performing some of his 
music.) 

The Chewlards contain three ranks of virtuosi, Per- 
formers, who are rightfully the only group entitled to 
wear tails, Archivists, and Untouchables. The duties of the 
Performers, as one would expect, are to practice their 
notes diligently and, when requested, perform flawlessly 
for the recording microphones. 

The Archivists maintain the Index of Classics and the 
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master digital recordings of all classics. In order to be 
put on the immortal Index, a composition must be un- 

ivists. Thereafter, a digital recording of the definitive per- 
formance will be kept on quartz plates in the archives, 
the Untouchables will be authorized to issue records and 
all performances will be counted. The Chewlards, unlike 
some orders, do not maintain that the universe will end 
when all classics have been perfectly played 2440 
times. They do, however, keep a careful count of all per- 
formances. Needless to say, few compositions achieve the 

| Three New Microprocessors 
animously canonized by the Ecumusical Synod of Arch- ES 

Index, in fact, none have been canonized in the last cen- 
tury for reasons that are controversial. Some maintain 
that audio performance has diverted the interest of com- 
posers away from classics, others feel that the reason lies 
with the unplayable (and unlistenable) music composed 
at the end of the 20th century by the successors of the 12- 
tone school. In any case, since no limit is ever put on 
playing speed, the existing classics are sufficient to pro- 
vide an eternal challenge to the Performers. 

Even if the art of performance would vanish, the clas- 
sics would be perpetually preserved on the quartz arc- | 
hives located deep inside a granite cave cut into the heart 
of a mountain whose location was unknown even to the 
High Mabbot. On these plates are written in sputtered 
gold, numerical samples of the four sacred signals used | 
to drive the quadraspeakers. Each signal is sampled 
440,000 times per second, and each sample is quantized 
into a 440 digit binary number, so to human senses the 
recordings are flawless. But, in addition, the samples con- 
tain not only check sums, but also error correcting digits, 
so that errors are unthinkable. In only one case was the 
perfection of the archives challenged. In the year 2051, | 
the 126,532,543th sample of Beethoven’s Ninth Sym- 
phony changed from 124613 . . . to 124615... due to a 
most unlikely constellation of flyspecks. A High Synod 
was called immediately to deal with the emergency, but 
fortunately before they acted, the difficulty was cured by 
an ingenious Archivist who washed the plate. 

The role of the Untouchables at first seemed enigmatic 
within the purity of the musical Orders. Their function is 
to handle the unclean electronic apparatus used to re- 
cord performance, slow the speed to the proper listen- 
ing tempo, abut and mix the various performers and com- 
pute the quadrasignals. This last operation included such 
enhancements as reverberation, filtering and noise strip- 
ping whose existence is seldom mentioned to the per- 
formers. But, as the Mabbot so clearly put it, one must 
eat to play and the income of the Order comes from 
record sales. Hence, it must compete in quality with the 
other sounds coming from the quadraspeakers. | was 
moved by the beauty and directness of his wisdom. 

A Farewell Warning Against Misinterpretation 
The day of my entry into the Chewlards dawns and | 

must end this will with one caveat. My choice should in 
no way be interpreted as evidence that classical per- 
formed and recorded music is superior to audio per- 
formance. A man is a prisoner of his age and, in fact, is | 
bound to what he has learned as a child. In my time, be- | 
fore Telespeak became universal, different peoples spoke 
many languages. Although it was possible for an adult to 
learn a new language, he could never master it in the way 
he would have learned it as a child. Today's music is a new 
language for me, and though can intellectually appreciate 
its power, yet in another sense І can never learn it. Audance 
is the privilege of the youth of today and | must seek the 
music of my youth, which happily is also a rich language. 

| 5 
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and Floppy Disk Controller 
from Intel 

For the last 12 to 18 months Intel Corp. has watched its 
overwhelming lead in the microprocessor market get - 
slowly chipped away by such products as the Zilog Z-80 
and Motorola 6800 as well as by second source suppliers 
for the 8080 itself. In the low end of the market competitors 
like Fairchild, Mostek, National Semi, and TI have been 
making real inroads. 
"Intel, however, has been spending $10 million per year 

on microprocessor R&D alone, more than the total annual 
sales of many of its competitors. The results of this | 3 
massive research program are beginning to reach the - 
market and more are on the way. Here now: 
ө 8085 MPU. Object code is fully compatable with the  - 
8080A and bus-compatable with 8080 components, the | 
8085 operates with standard speed memory at 3mHz 
instead of the 8080's 2mHz. The 8085 operates on a single. 
+ 5 v supply for all components. A complete system can be _ 
built around З chips instead of 10 or more required by 8080 — 
systems. The 8085 appears to be squarely aimed at the Z- 
80 and 6800. 

e 8048 MPU. A simplified and cheaper version of the 
8080. Can operate as a single chip MPU since both ROM 
and RAM memory are on the chip itself. Aimed at 
appliance control and office equipment markets. Main 
competitors are the Fairchild F-8 and other low-end stuff. - 

e 8748 MPU. Another single chip MPU but equipped 
with erasable programmable ROM (PROM) instead of just 
ROM. This is certainly the most innovative of the three 
MPUs; main applications will be in control environments 
although with the PROM it will be suitable for low-volume - 
or tailored products. 

e Floppy Disc Controller. This is the first of 17 (yes, 
seventeen!) other LSI circuits that Intel will introduce in 
1977. Functions range from peripheral controllers to 
various interfaces which replace a board full of chips. 

Even with these new products Intel will have a real battle 
on its hands to maintain or gain position. National Semi 
just down the road now markets an 8080 equivalent with a 
full set of support circuits. But no matter which of the 
manufacturers comes out on top it looks like it's going to 
be an exciting year for the end user. - B 
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MUSIC ANALYSIS: SLAM SIMPLIFIED 
OR 

HOW THE COMPUTER COMPARES 
16TH CENTURY BOURGEOIS 

WITH EIGHTEENTH CENTURY BACH 
by 

Thomas G. Whitney* 

— Step back a few years to The Ohio State University into a 
Situation now not at all unique to that institution. 

1. We had a body of computer readable musical com- 
positions. 

2. We had several computer operations for the analysis of 
music. 

3. Upon looking beyond our own institution, we found 
several encoding schemes in vogue for situation one. 
Similarly there was overlap between institutions in the 
operations which had been computerized, especially for 

generating scores, counting notes, and classifying chords. 
Some of these operations, however, were "limited" ог more 
intent upon a particular composer, time period, or 

geographical region. 
What was needed was some easy way to adapt computer- 

analytic operations to a variety of compositions. For this 
purpose | developed the computer command language 

called SLAM (Simple Language for Analyzing Music). 
To show what kinds of analyses have been done and are 

being done, | present the following examples. All words in 

the solutions which are printed completely in upper case 
are words “known” to SLAM. 

| In that which follows, any explicit reference to numbers 1 
through 371 refer to J. S. Bach's chorales. The SLAM 

-. User's Manual (available upon request) gives an index of 
the composition numbers in SLAM"'s library. 

Problem A: | would like to see how chorale 6 is 
| encoded. 

Solution A: PRINT 6. 
If one wishes to look at a specific subset of a chorale, the 

. words SOPRANO, ALTO, TENOR, and BASS are used. 

Several encoding systems permit reference within SLAM to 
particular instruments or even sections of an orchestra. 

Problem B: I would like to see how the soprano part of 
chorale 9 is encoded. 

Solution B: RETAIN the SOPRANO part in 9; PRINT IT. 

In the above two solutions, one could substitute SCORE 
. for PRINT and receive from the computer something more 

. familiar to many musicians. This is merely a different 
representation of the same information. 

*The Ohio State University, Columbus, OH. 
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| want to see the score for chorale 6 after it 
is transposed to D major 

Solution С: TRANSPOSE 6 to D major; SCORE IT. 
So far the examples have been minimally analytic. Many 

are familiar with the concept of computers used for 

counting. 

Problem D: l|wanttosee what kind of chords Bach used 

Problem C: 

in chorale 6. 

Solution D: COUNT CHORDS in 6. 

As output this sentence will list for each vertical 
simultaneity found a) the pitches by part, b) the duration, c) 
the chord type: triad (major, minor, diminished, or 
augmented) or seventh chords (7th major major, 7th major 
minor, etc.), d) the root if “chordal,” e) the Roman numeral, 
f) the figured bass notation. Information is also tabulated in 
terms of total duration of each type of simultaneity (as well 
as number of instances), each root, and root progressions. 

Other harmonic measures include TENSION and DENSI- 
ГҮ: 

No example yet given has taken more than one half of one 
second of computer time to complete. 

Suppose someone at another university was interested in 

the chordal analysis operation mentioned above. Suppose 
further that the musical composition was not Bach's. 

chorale but a piece by Chopin and the encoding language 15 
MUSTRAN—2. 

Problem E: | want a chordal analysis of a composition 
numbered 888 which is by Chopin and 
encoded in MUSTRAN - 2. 

Solution E: TRANSLATE 888 from MUSTRAN - 2 to 

MUSICODE- A; COUNT CHORDS in IT. 

Here one may see the possibility that any composition in 
another encoding language can be converted (translated) to 
an encoding language expected by a particular operation in 
SLAM. Hence, one can augment to SLAM compositions in 
other encoding systems provided that computerized 

translators exist for this. These translators are possible 
because most encoding systems have ways to consistently 

represent the four essential local properties of a note: the 
letter name, the accidental, the octave register, and the 
duration. 

SLAM can also accommodate operations which have 

been developed for other encoding systems. Hence, SLAM 
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is open-ended in the operations, compositions, and 

encoding systems available to it. 

With this introductory overview, we can now return 

directly to some musical examples. 

Problem Е: | would like to know how many and what 

kinds of melodic intervals there are in the 

soprano part of chorale 235. 

Solution F: RETAIN the SOPRANO part in 235; COUNT 

all FIRST order melodic intervals in IT. 

This output would include the quality, size, and direction 

of all intervals and all possible combinations of those 

properties of intervals. Furthermore, one can also elect to 

have the source (starting note) of the interval given. This 

melodic interval operation has been shown to be quite 

useful in discrimination studies. In particular the higher 
order (defined in the next paragraph) melodic intervals with 
respect to time and country tend to be adequate dis- 

criminators when "properly" combined. 

An Nth order interval can be defined as having N minus 
one consecutive notes. By default, a zeroth order interval 
counting operation merely tabulates the attacks and 
durations of notes. Similarly a second order interval 
operation considers all existing sequences of three 
consecutive notes for the composition(s) in question. 

Problem G: Compare the melodic lines of a few 
compositions from the 16th century with a 
few from the 18th century. 

RETAIN in 218, 229, 284, 209, 237, and 
244 the SOPRANO part; COUNT all 
melodic INTERVALS in IT; TABULATE IT; 

218, 229, 284 - 165 / 209, 237, 244 - 
185 

In the above one is given a hint of the ability to recode or 
renumber sets of data. The tabulation will give two columns 
of data “165” and "185" for the sixteenth-century and 
eighteenth-century data respectively. It so happens that the 
two sets of compositions can be used for contrasting 
authors as well since the first three are by Bourgeois and 
the last three are by Bach. To be sure, this would not 
constitute a definitive study, unless we increase the size of 

the sample. 

In addition, SLAM users have a number of compositions 
and operations for twelve-tone music. Some of these 
operations will become apparent in the next three ex- 

amples. 

Problem H: Find all twelve-tone rows in Webern's 

Opus 28 

Solution H: FIND in 491 all LINEAR rows. 

Composition number 491 is Webern's Opus 28, Move- 
ment 1, in SLAM's current library. This operation will find 
all twelve-tone rows or aggregates. If any row found is a 
permutation of the original row (supplied in the biblio- 
graphic information at the time of encoding), inversion of 
the original, retrograde inversion, or simply the retrograde, 
this will be so indicated. If it is none of these (i.e., a simple 
aggregate of twelve notes), this will also be indicated. One 
may ask for notes fewer than twelve in number. For 
example one could ask for all ten-note aggregates in this 
composition. | 

Solution G: 

Problem |: I would like to find all twelve-tone rows in 
any combination (vertically or linearly) in 
that same composition. 

Solution |: FIND in 491 all VERT-LINEAR rows. 

Here again one could have asked for fewer than twelve 
notes if desired. A possible solution (output) from this 
operation could be the indication of four consecutive 
vertical simultaneities of three notes each. Again all rows 
found are tested for possible permutations of the original 
row, or its inversion, and so on. 

MAR-APR 1977 89 

One can look for embedding of rows within rows. This can 
be done in both the linear mode and the vertical-linear 
mode. 

Problem J: | want to find all rows in that same 

composition. Upon finding a row, | do not 
want that row as a candidate for subse- 

quent rows. | : 

Solution J: FIND in 491 all LINEAR rows GIVING 801. 
REMOVE from 801 all ROWS found 

GIVING 802. FIND in 802 all LINEAR rows. 

One can repeat these operations as often as desired. 

Maximum overlap is permitted so that all existing rows (or 

aggregates) are found. 

Several of the analytic problems of music are not unique 
to music. Consider the next two examples which are also 
computerized operations in literary data processing. 

Problem К: Compare the different settings by Bach of a 
| melody by Hans Leo Hassler. 

RETAIN in 21, 74, 80, 89, 98, and 270 the 
SOPRANO part; TRANSPOSE IT to C major; 
EXPAND IT; COLLATE IT. 

The chorales are in different keys so the transposition has 
been introduced to avoid letter name variation from setting 
to setting. The EXPAND has been introduced to allow for the 
repeat signs іп a few of these chorales. This eliminates the | 
repeat signs and produces a long string of music or notes as 
heard not as scored. The COLLATE is the actual borrowing 
from the literary people. This is an operation they use їо. 
compare variations in different editions of the same text or | 
manuscript. In music the concept of word insertion or word 
deletion is bound by time. It takes the form of a quarter note 
becoming two eighths or vice versa. In music the total 
duration of the composition is generally preserved. | 

Problem L: 

Solution K: 

soprano line in context for chorales 1, 2, 8, 
and 9. 

RETAIN іп 1, 2, 8, and 9 the SOPRANO part; 
CONCORD IT. | 

Solution L: 

Concording is done by certain literary scholars to study 
author traits in word usage in context. It is frequently done 
by dictionary makers as well. The CONCORD operation 
gives a center-of-the-page listing of notes (alphabetized) 
with notes appearing to the left being notes which come 

before it in time and similarly the notes which follow the - 
given note in time come їо the right. An identification ofthe . 
composition is also given. The operation also lists the 
absolute statistical frequency of each note and gives a most 
frequent to least frequent listing as well. 

The output of the chordal analysis operation (and density 
or tension operations as well) can be input data to the 
concording operation whereby one finds the use of vertical 
structures in context. 

There are several subsetting operations within SLAM. 
The user may have several hundred compositions under 
investigation in any command in SLAM. From these one 
could select those with a particular key signature, time 

signature, or mode. In addition, one can take subsets of 
particular bars of a composition. In a given command one - 
could take even 30 or 40 or more subsets of the input data. 
There are many more operations available in SLAM which | 
will not go into now. 

A few years ago | developed an interactive form of SLAM 
called MAP (Music Analysis Package). Its volcabulary is 
slightly different but the analytic operations are common to 
both. | 

| would like to acknowledge the Instruction and Research 
Computer Center of The Ohio State University for computer 
time used in the development of WAP and SLAM. a 

| want to study the use of all notes inthe . 



The Digital Computer: Orchestra or Composer's Assistant? 

en 7 uf Y . by Arthur Layzer 

There are two distinct uses of the digital computer in 
music today: the first is to help write a score that can be 
played by either artificial means or by ordinary instrumental 
performers; the second is to actually synthesize the musical 
sound from a score-like specification without the in- 

termediary of an orchestra or conventional sound studio 
equipment. After ten or fifteen years of exposure to these 
uses of the computer, most people still regard them as 
rather exotic. 
These applications of the computer are in fact like 

separate magical tricks. The production of sound by the 
computer out of numerical specifications may be compared 
to a sleight of hand trick. The trick can be explained. Once it 
is explained there is no more magic and everything seems 

straightforward. The programming of a composition on the 
other hand is a trick of a very different kind. The difficulty is 
in understanding how something of aesthetic value can be 
created from such drab materials as algebraic transfor- 
mations, random choices and Fortran do-loops. Perhaps, in 
fact the trick need have no rational explanation. It might be 
an illusion, like the Indian rope trick. After all, the aesthetic 
experience itself may be completely an illusion. We of 
course all hope that it is a benign one. If the aesthetic 
experience is an illusion then presumably it is enough to 
demand of a programmed composition that it produce the 

-illusion in some listeners. Now, it is known that some 

. programmed compositions have created the illusion of art 

among some people. The body of experience in this area is 
however still not large апа | concede that there are serious 
questions of principle. To be on solid ground | shall talk 
mostly about the sleight of hand trick — the synthesis of 
musical sound by the computer. 

If you analyze the production of sound by a conventional 
orchestral instrument like a saxophone for example, if you 
analyze it from a rather strange perspective you might 

realize that two functions are combined in one piece of 
hardware: the actual physical generation of sound waves by 

the. air resonances inside the saxophone and the struc- 

turing of the air column by the holes and wall-shape of the 
saxophone which determines these resonances. Of course, 
| count the reed, the air and the saxophonist's fingers as 
part of this hardware. ! l 

In an electronic studio producing tape-music the situa- 
tion is more or less similar from this point of view. There isa 

. collection of oscillators with dials. The outputs of the 
oscillators are mixed together or serve as controlling 
voltages for other oscillators. The end result is a voltage 
output fed to the input of a tape recorder. Inside the tape 
recorder the electrical wave form is copied or translated into 

magnetic impressions on the tape. The tape is a stored 
record of the electrical wave-form and on playback the 
magnetic impressions on the tape are again rendered into 
electrical impulses which this time drive speakers which by 
their mechanical vibrations produce the final sound wave. 
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Compared to the saxophone, there is the addition of 
various copying and translating stages. But just as in the 
saxophone the structuring that determines the musical 
properties of the final sound wave is embedded in the 
hardware, in this case the hardware of electrical circuits 
and the associated dials. 

In the digital computer synthesis of music, the structuring 
inherent in the musical sound is completely separated from 
the hardware implementation associated with the final . 
sound wave. The structuring is achieved by mathematically 
schematizing the relevant aspects of electronic oscillators 
and their coupling through Fortran-like programming and 
then outputting a sequence of numbers on a digital tape. 
The sequence of numbers is to be interpreted as a uniform 
time-sampling, at a certain rate, of the amplitude of the final 
sound wave, conveniently normalized. The digital tape is 
later scanned at a speed that corresponds to the assumed 
sampling rate by a standard piece of apparatus called a 
digital to analogue or D to A converter, which translates the 
sequence of numbers into a timed sequence of electrical 
impulses which are then fed into the input of an ordinary 

tape recorder. The rest of the process is then similar to the 
electronic studio case. 

Historically, the first successful and comprehensive 
music synthesizing design along these lines was carried 
out by Max Mathews and Joan Miller at Bell Laboratories in 
the early 60's. This was a remarkable example of technical 
ingenuity that combined programming art with an apprecia- 
tion of the electronic engineering aspects involved in 
obtaining a digitally structured counterpart to studio 
hardware equipment. Their first viable program was known 
as Music IV. A rather large number of improved 
modifications have appeared at various institutions across 
the country since that time. In addition, there has appeared 
a Music V version created at Bell Labs in 1968, this time by 
Mathews, Moore, Miller and Risset. 8 

A Personal Statement 
Though long interested in music and a good 

amateur clarinetist, | stayed away from computing for 
as long as possible, to my later regret. My major 
background is in theoretical physics and quantum 
mechanics, fields in which I'm still active at Stevens 
Institute of Technology. In 1967 | became seriously 
interested in computer music and audited a course at 

Princeton taught by Godfrey Winham. In recent years 
| have used the computing facilities at Bell 
Laboratories, Murray Hill where | am a resident 
visitor. Still more recently | became interested in 
computer animated poetry. The film "Morning 
Elevator" has been shown at a number of national 

conferences in music, literature and the arts, 
including the international conference on Computers 
in the Humanities at the University of Minnesota, July 
1973. l've been indispensably aided by the program- 
ming skills of computer scientists at Bell Labs. Dr. 
Joan E. Miller in particular helped me write the visual 
program for "Morning Elevator” and in preliminary 
simulation with a minicomputer (DDP 24) before Iran 

the film off on the large GE (now Honeywell) batch 
system for handling movies, which used an electron- 
beam technique (Stromberg-Carlson) for exposing 
the 16mm film. 

Readers of Creative Computing wishing to corres- 
pond further with Prof. Layzer, can write him at 161 
W. 75th St., New York, N.Y. 10023. 
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BOTTOM-UP BIZET 
REFLECTIONS ON IMPLEMENTING RELEASE 234.5 OF THE 

PEARL FISHERS 
Robert P. Taylor 

INTRODUCTION 
Computers are wonderful devices and with them we ac- 

complish wonderful, even astonishing things. But what 
astonishes me most is the freshness which computing pro- 
vides into what are essentially non-computing activities. By 
identifying parallels with computing in a non-computing 
activity, I can often deepen my appreciation and understand- 
ing of a familiar human enterprise, enriching my life con- 
siderably in the process. I sometimes feel this may be a more 
significant reason for getting involved with computing than 
is the whole business of getting the computer to perform as a 
marvelously powerful and flexible tool in any of a host of 
scientific and commercial enterprises. I do not feel most 
computing professionals take seriously enough the import- 
ance of this “fringe benefit” of computing. In fact, I believe 
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if we systematically encouraged and publicized the applica- 
tion of such insights to significant cultural enterprises, we 
would both enrich our culture and take a significant step 
toward countering the growing popular misconception of. 
computing as a mechanistic, dehumanizing force in our 
society. The objective of this paper is to illustrate how this 
can be done in terms of one well-established and sanctified 
art form in our culture, grand opera. It should adequately 
suggest the merits of the idea. 

Following this introduction, the remaining text of this 
paper is organized into five parts. PART ONE reviews the 
origin of the paper and likens the production of opera gen- 
erally, and George Bizet’s The Pearl Fishers in particular, to 
the implementation of a software system. PART TWO 
likens the New York Lyric Opera Company (NYLOC), as it 



was organized to produce the Pearl Fishers, to a software 
implementation team. PART THREE examines the “docu- 
mentation” normally available for implementing the Pearl 
Fishers system and finds that it relates almost exclusively to 
the audio systems of the overall opera system. PART FOUR, 
using the example of the lumination system, discusses why 
and how all the video systems in the Pearl Fishers imple- 
mentation project developed their own temporary, make- 
shift documentation. PART FIVE draws several conclusions, 
some about opera as system, some about the fruitfulness of 
extending the approach taken in this paper. 

PART ONE: DRAWING THE ANALOGY BETWEEN 
OPERA PRODUCTION AND 
SYSTEM IMPLEMENTATION 

I first became interested in the parallels between opera 
and systems while singing in a recent New York Lyric Opera 
Company (NYLOC) production of Don Giovanni. As we re- 
hearsed and subsequently performed that opera, I was in- 
creasingly impressed with the parallels between producing 
Don Giovanni and implementing a payroll or other reason- 

. ably complex software system. Many of the structural rela- 
tionships between the personnel producing the opera closely 
resembled those characteristic of a good software project 
team. Activities were modularized and were developed, 
tested, modified and integrated just as the sub-components 
of a software system frequently are. Success in producing the 
opera seemed to depend heavily upon fitting the different 
strands together in the right place, at the right moment, much 
as the succéssful implementation of a software system de- 
pends heavily upon interface definition and creation. 

Long before opening night, I had begun to entertain my- 
self in slack moments by trying to look at the opera produc- 
tion as though it were a software system implementation. 
The audience became end users. Cues became interfaces. 
Lighting and sets became sub-systems. Section rehearsals 

. became module testing. Rehearsals became debugging ses- 
sions. The dress rehearsal became a pilot run. The voltage 
limitation in the lighting power source became a hardware 
constraint. And on it went, until by the final curtain, I had 
come to see that whole NYLOC production as merely the 
most recent implementation of the Don Giovanni system. 

It happened that I was teaching a course on systems 
analysis shortly after this experience with Don Giovanni and 
I began to think that attending an opera rehearsal might be 
a beneficial experience for the students in that class. After a 
few weeks of introduction to systems concepts and an initial 
experience with the software system development process, I 
felt the students might profit from the chance to try apply- 
ing these same concepts in a foreign context. There, be- 
cause of the contextual freshness, the concepts might emerge 
with greater clarity and the students return to the traditional 
systems of the course with both a better understanding of 
systems concepts and a wider appreciation of their grander 

implications. I suggested the idea to the class and they de- 
cided it would be worth trying. 

Experience with Don Giovanni strongly suggested that one 
opera would be just as good as another for this sort of ex- 
perience. NYLOC was, that term, readying Bizet's The Pearl 

. Fishers for production so an evening dress rehearsal which 
- coincided with the systems class hour was selected for the 

class's "night at the opera." Each student was given the 
same assignment — to attend the rehearsal and to write up at 
least one analogy which he or she discovers between opera 
“implementation” and the systems work being studied in 
the course. 

To prepare for the trip, the class was given certain written 
and printed material concerning the opera, was required to 
listen to a recording of the latter half of Act IL, and was pre- 
sented with a brief outline of the organizational structure of 
the New York Lyric Opera Company. The materials and re- 
cording were focused on a dramatic climax in Act II which 
involved extensive interaction of all the different personnel 
involved in the opera production. 

PART TWO: THE NEW YORK LYRIC OPERA 
COMPANY AS A PROJECT TEAM 

The organization of NYLOC is similar to the organization 
of a software project team. Figure 2 shows the organization 
of the production personnel as a project team. Though solo- 
ists, their respective vocal coaches, and individual singers 
and instrumentalists have been omitted to keep the size of 
the chart manageable, the main structure is clear. There is a 
project leader with overall responsibility (NYLOC General 
Director). Two sub-system leaders report to the project 
leader: (1) the audio systems supervisor and (2) the video 
systems supervisor (the conductor and director, respectively). 
The first has responsibility for everything the user (audience) 
hears, the second, for everything the user sees. Each of these 
sub-system leaders have both individual and lower sub- 
system leaders reporting to them. And, in typical project 
fashion, each also assumes direct management for at least 
one sub- -system. 

While several of the sub- -project or sub-system personnel 
under one or the other of these two sub-project leaders have 
still other personnel reporting to them, several others do not. 
For example, the Group Vocal Systems Supervisor manages 
all the chorus personnel and is responsible for the develop- 
ment of the entire choral sub-system. On the other hand, the 
Lumination System is a one person operation. This variety 
in responsibilities and in numbers of upward-reporting per- 
sonnel in each case is a typical project phenomena, depend- 
ing on typical project realities — size of project and budget of 
project. In fact, the tyranny of schedules tends to make opera 
companies ideal models for project teams in at least one 
major sense — the opera team must come up with an im- 
plemented system within budget and on time. 

Responsibilities are initially delegated to the various sub- 
project leaders with enough general discussion of interface 
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Figure 1: Sample video output and vocal source code 
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details to enable them all to go ahead with their individual 
tasks. Early rehearsals are then devoted to module or sub- 
system design, testing and debugging. Final rehearsals are 
reserved for integrating the modules and sub-systems and 
thus resemble full-system testing. In this respect, the im- 
plementation of the opera is a sort of bottom-up process. On 
the other hand, the very early rough definition of interfaces 
between the various sub-systems and the constant depend- 
ence on cues and stubs as modules are developed constitute 
a sort of top-down process. Thus, like most system pro- 
jects, opera implementation involves both top-down and 
bottom-up approaches. | 

PROJECT LEADER 

(NYLOC Genera l Director) 

AUDIO SYSTEMS SUPERVISOR 

(Conductor) 

INSTRUMENTAL SYSTEMS ORCHESTRAL 

COORDINATOR SIMULATOR 

(Concert Master) Piano Accompaniest) 

VIDEO SYSTEMS SUPERVISOR 

(Director) 

LUMINATION 
SYSTEM ENVIRONMEN 

(Lights) SYSTEM 

E (Sets) 

GROUP VOCAL SYSTEMS LOCAL 
Э SUPERVISOR ENVIRONMEN 

js LIA See rir 5 (Chorus Master) SYSTEM 

9 e rd T VS i . (Costumes) 

Figure 2: NYLOC Project Team 

PART THREE: “DOCUMENTATION” FOR THE 
PEARL FISHERS 

The documentation presented here is but a minute sample 
from the hundreds of pages existing for the Pearl Fishers 
system. For the systems analysis class, excerpts of four kinds 
of documentation were presented: (1) overview (plot sum- 
mary), (2) narrative description (libretto), (3) audio svstems 
vocal source code listing (vocal score), and (4) user audio 
output sample (phonograph recording of appropriate seg- 
ments of system). Obviously no example of (4) can be in- 
cluded in a paper, so none will be represented or discussed 
here. And, though an example of (3) is shown as an opening 
illustration in Figure 1, this section will use the more com- 
plete audio systems master source code listing which includes 
the vocal code and much more. (The master code would have 
been used in class but it was unobtainable at the time.) In 
addition to discussing the same aspects of documentation 
here as in the class, this section will derive some unity from 
relating all examples to a single time-slice from the opera's 
execution. 

This time-slice is underscored in the overview excerpt pre- 
sented in Figure 3, an excerpt which adequately establishes 
the context for this time-slice. The systems class studied 
several other time-slices and their respective documentation 
as well, but space does not permit, nor necessity require 
more than this one time-slice to be examined here. The open- 
ing illustration for this article, for example, presents video 
output and an excerpt from the audio systems vocal source 
code listing relating to that time slice when the lovers em- 
brace. It should be noted, though, that these other time 
slices would underscore what tremendous changes in the 
level of system activity occur as the act moves from the 
moment of the lover's embrace to a conclusion. The sys- 
tem must shift from an intimate, dimly-lit love duet to a 
furious, fullcompany climax with every character in the 
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opera on stage and singing at full voice, with the orchestra 
playing at full strength, and with the lumination system 
simulating a lightning storm. 

Act II ruins of a temple. Nurabad, the high priest, installs 

Leila in her position as priestess of the tribe. He tells her that 

she must remain in silent watch and prayer throughout the 
night. She is fearful of the forest sounds, but promises. 
Nurabad departs. As Leila trembles at the roar of wild beasts, 

she is suddenly reassured by the sound of a human voice. It is 

Nadir singing to her in the distance. She answers, and Nadir, 
overjoyed, tells her of his love. They embrance, but are sur- 
prised by the high priest, who has been in hiding. He calls the 
people together telling them that their priestess has been 
false to her vows. The tribesmen are ready to slay her, but 
Nadir shields her with his body. Zurga, in order to protect 
his friend, commands the pearl fishers to disperse. Norabad 
tears away Leila's veil, and Zurga then recognizes her as 
the same woman over whom he and Nadir had formerly 
quarreled. А storm arises and the people pray to the gods 
while the priests lead Leila away. Nadir is sentenced to death. | 

Figure 3: Overview documentation 

The sample video output from a full-system test run in 
Figure 4 clearly shows the peak of system activity as it is- 

being halted by Zurga's entrance. This is a critical moment 

for interaction of the various sub-systems. The extent to 
which documentation for the system details the interfacing 
required to implement such interaction can be determined 
from examining appropriate excerpts from that documenta- — 
tion. The appropriate segment from the narrative descrip- 
tion (libretto) is shown in Figure 5. The audio systems 
violin 1 source code listing (concert master's part score) is 
shown in Figure 6. And the audio systems master source 
code listing is shown in Figure 7. Since vocal code is included 
in the master listing, since space is at a premium, and since 
the opening illustration, Figure 1, includes a typical example 
of vocal source code, none is presented in this section. As 
Figure 1 shows, no information on interfacing beyond that 
also carried in the master code is carried in the vocal code. 
Its unique component, rather than interface information 
generally, is the piano code which can be used during test 
runs to simulate or “stub” in for the orchestra. 

At the point where Zurga commands a stop (Arretez) to 
the villagers’ frenzied desire to slay the guilty couple, signif- 
icant changes must occur. ; : 

The music must change from frenzied chorus to dramatic 
and isolated solo command. The activity on stage must vir- | 
tually halt. The lighting and orchestra sub-systems must 
create a sharp change in mode. Figure 6 and Figure 7 dem- 
onstrate that the documentation carries extensive interface 

Figure 4: User video output 



LEILA. 
Protect us! 

NADIR. 

LEILA. 
Protege nous! 

NADIR. 
Venez, je vous attends! 

CHOEUR. CHORUS. 
Oui, pour tous deux la mort! 

ZURGA. 
Arretez, arretez| 
C’est a moi d’ordonner de leur sort. 

ZURGA. 
Stop, stop! 

Figure 5: Narrative Description 

detail for the audio system. The exact words of each singer, 
the exact pitches and rhythms of each audio system per- 
former’s notes are clearly specified. The dramatic change in 
mood is specified by the change in tempo at the double bar 
line in both source code listings’ by the specification that 
every instrument and voice sound at full strength, once and 
only once, at the change of tempo; and by the specification 
that Zurga execute six notes in grand isolation immediately 
thereafter, while the instrumental sub-system remains in a 

_ wait state. The exactness of this interface between audio 

_ sub-systems is emphasized by the handwritten additions 
. to documentation visible in both Figure 6 and Figure 7. 

However, audio sub-systems interaction is only one form 
of interaction in the Pearl Fishers system. This scene cer- 
tainly presupposes many decisions about interfaces between 
lighting, stage settings, and singer movements. Yet the 
documentation presented contains little or no specifications 
regarding such interfaces. We do find action specification 
stubs such as (“Surga parait tout a coup au fond du theatre"), 
in Figure 7, but these are little more than can be readily in- 
ferred from the larger context provided by the singer's 
words. What the project team might most like to know is not 
even mentioned. What are the villagers to do when Zurga 
makes his dramatic entrance? What stage setting would 
maximize the impact of the entrance? Where should the 
guilty couple be located when the entrance begins and where 
when it ends? How should the lumination change during 

- this critical moment? Not one of these questions is resolved 
in any way by the “Zurga appears suddenly at stage rear." 

Thus formal documentation for the system carries con- 
siderable detail concerning the audio system but little con- 
cerning anything else. This is particularly noteworthy be- 

-cause the documentation is so extensive. The audio systems 
master source code listing alone runs to over 300 pages for 

. the Pearl Fishers; the audio systems vocal source code listing 
. to over 200 pages; the narrative description to over 30 pages; 
and the audio systems instrumental source code to over 15 
volumes of 30 to 40 pages each! 

PART FOUR: MAKE-SHIFT DOCUMENTATION/ 
A PRODUCT OF CUSTOMIZATION 
In complete contrast to documentation for the audio 

system, that for video is make-shift and varies widely from 
sub-system to sub-system. Each video sub-system must go 
through a whole process of obtaining interface definitions; 
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Figure 7: Audio systems master source code excerpt 

of developing tailor-made documentation concerning these 
definitions and anything else requiring common understand- - 
ing across sub-systems; and of using the documentation to 
implement its sub-system (note: this documentation may not 
even be written down at all). Despite the differences between 
sub-systems, the salient elements in this process may be 
grasped by looking at the example of any single, particular 
sub-system. Such an example also illustrates why such docu- 
mentation remains informal and why the collection of video 
sub-systems are custom components in every system which 

NYLOC implements. The remainder of this section is 
therefore devoted to the example of the lumination sub- 
system in the NYLOC Pearl Fishers implementation. 

The lumination system manager had 18 lights to use. One 
could be used as a hand-held spot but all the others were 
mounted high out of reach and, once adjusted for direction, 
could not be re-targeted without manually accessing them 
from a ladder. Though the aim could not be dynamically 
altered during a run of the system, the brightness of each 
light could be, since each was connected to a separate dial 
on the lumination system dimmer panel. 

Using this hardware, the lumination system manager 
based her creation of the Pearl Fishers lumination on four 
things: (1) early conversations with the video systems super- 
visor about his overall conceptualization of video output 
from the system; (2) her own recollections of work on an 
earlier implementation of the Pearl Fishers at a different site; 
(3) open-time opportunities to test each light in the system; 
and (4) observation of preliminary test runs of this version 
of the system. 

She used (1), (2), and (4) to create a catalogue of interface 
points where lumination would help to define the interface 
both for other sub-systems and for the users. It consisted of 
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Figure 8: Preliminary lumination catalogue entry 

34 entries describing the action occurring at the interface 
moment. The entry for the dramatic moment discussed in the 
previous section is reproduced in Figure 8. 

She used (3) to number each light and create a table which 
would show, opposite the number for each light, the target, 
color, and other salient characteristics of that light. She then 
used this table and her catalogue during a final full-system 
test to create a final catalogue of working interface descrip- 
tions for lumination. As with the preliminary catalogue, this 
final one had 34 entries. This one, though, showed the exact 
lights to be used for each interface and the exact brightness 
for each light. Entry 22 for this final catalogue is reproduced 
in Figure 9. In that figure, the single digit numbers on the 
left are light identification, the double digit numbers on the 
right are brightness specifications. 

It should be clear from this example just how customized 
this portion of the overall system is. The physical constraints 
alone would vary considerably from one implementation to 
another, rendering any but the most general interface docu- 
mentation on lighting useless. Moreover, as the examples 
from the audio system in the previous section showed, there 
is no guidance as to where any of the singers should be on 
stage at any particular time nor any exact specification of 
the sets which must provide the on-stage context for these 
singers. Since all these would enter into decisions about 
which lights should be aimed where and when, no specifica- 
tions of lumination could be meaningful without such details 
about the other video sub-systems. 

PART FIVE: CONCLUSIONS 
The discussion of the New York Lyric Opera Company as 

a project team suggested that, like software implementation 
project, the production of an opera involves a mixture of ap- 
proaches, including both top-down and bottom-up pro- 
cedures. The discussion of documentation used in NYLOC's 
implementation of Bizet's Pearl Fishers suggested that the 
opera implemented is a system which depends on both off- 
the-shelf and custom components. It also suggested that the 
distribution of these two component types very much fol- 
lowed the pattern suggested in the project analogy — off-the- 
shelf components went into implementing the audio system 
and custom components went into implementing the video 

system. This pattern existed because the audio system de- 
pended on standard hardware (voices and instruments cap- 
able of standard output) while the video system had to be 
built upon variables which changed with every implementa- 
tion of the system. 

What does all this suggest about opera and computing? 
Certainly that the two activities have far more in common 
than popular stereotypes of either would imply. And this 
paper has examined only a few parallels — there are many 
more worth looking at. Long range planning, debugging, 
backup procedures, and iterative problem solving would all 
be interesting and would probably suggest further similarity 
between the two activities. Those who like opera and like 
computing may wish to explore some of these other parallels. 
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What about the wider implications? For those who find 
opera of little interest, the basic approach discussed in this 
paper may be applied to other human activities. For example, — 
the systems analysis class undertook other assignments as 
well as the Pearl Fishers one. They looked for parallels to - 
system concepts in Defoe's Robinson Crusoe and turned up 
some very interesting ones. Then they went further afield 
and looked for analogies in an activity of their own choice. 
The papers they produced in that final effort suggest the rich 
lode waiting to be mined. They found parallels to com- 
puting systems work in such diverse enterprises as: incubat- 
ing chicks, giving birth to a child, learning to ski, playing a 
season of football, and preparing a family-reunion Thanks- 
giving dinner. 

Finally, whatever else one can say about this sort of pursuit 
of computing’s fringe benefits, three things are clear. First, 
successfully calling attention to parallels between comput- 
ing and other significant human enterprises should weaken 
the popular misconception that “computer people” engage 
in some sort of esoteric, mechanistic enterprise, whose 
methodologies have no analogue in other human activities. 
Second, it should also demonstrate one of computing’s most 
significant contributions to general education — it rewards 
the discovery of previously concealed similarities and rela- 
tionships. Third, the process of looking for such parallels is 
both instructive and just plain fun! 

Bibliographical notes 
Since this system is not implemented often, documenta- 

tion is sometimes difficult to locate. Since the брега is old 
and not frequently produced, copyrights have lapsed and 
pirated editions have been produced. Sample audio output is 
also limited. Libretti in various forms are available with 
recordings or in libraries. They too tend to have no coy- 
right and in some cases no extent publisher. If you wish to see 
a score, look for the Choudens edition under the title Les 
Pecheurs de Perles or the Kalmus version under the title 
The Pearl Fishers. 
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Figure 9: Final lumination catalogue entry 



This is the first in a series of articles about strategies or 
approaches for solving practical problems on the computer. 
Readers will find the heuristics and rules of thumb 

discussed in these articles are independent of subject 
matter and of great value in solving all types of program- 
ming problems from simple to very complex. —DHA. 

THINKING STRATEGIES WITH 
THE COMPUTER: INFERENCE 

Donald T. Piele and Larry E. Wood* 

Experience in solving problems and experience in 
watching other people solve problems must be the 
basis on which heuristic is built. 

G. Polya 

Some 32 years ago, in 1945, George Polya published a 
little book called How To Solve It. Judging from the title, 
one might expect to find inside special techniques and 
sure-fire algorithms that guarantee solutions to specific 
problems. But this is not what Polya’s book is about. 
Instead, it is packed full of ideas and ‘rules of thumb’ that 
are useful in attacking any type of problem but do not 
guarantee a solution to any specific one. Polya’s methods, 
which he labels heuristic, are derived from the experience 
of good problem solvers and are characterized by their 
generality, their independence of subject matter, and their 
common sense. 
Inspired by the work of Polya and recent advances in the 

.field of artificial intelligence (e.g. Newell and Simon, 
1972), Wayne Wickelgren published a similar book, How 
To Solve Problems in 1974. This book contains detailed 
explanations of several general problem solving strategies 
along with puzzles and games to illustrate each strategy. 
Puzzles are well suited for the task because they require 
the same logical thinking processes as problems in any 
subject area but they do not require any special 
knowledge. Their only drawback isthat people sometimes 

_ refuse to take them. seriously. They fail to see any 
connection between the thinking skills needed to solve a 
frivolous puzzle and those needed to solve more practical 
problems. 

.. Recently, we have been studying the problem solving 
strategies of Polya and Wickelgren and have been 
extremely impressed with their generality and power. In 
preparation for a course on Thinking Strategies at UW- 
Parkside, we have collected many examples of puzzles 
and games from the pages of such classic works as The 
Moscow Puzzles, and Mathematical Puzzles of Sam Lloyd 
for use in practicing each strategy. Now we are exploring 
ways in which computer programming can be incor- 
porated with these skills to solve even more complex 
problems. We would like to share some of our ideas in a 
Series of articles for Creative Computing demonstrating 
the added power of heuristic problem solving skills when 
used in conjunction with the computer. 

*University of Wisconsin-Parkside, Kenosha, Wisconsin 53140 

Inference 
In this first article, we will discuss the strategy of 

inference. Webster's New Collegiate Dictionary defines 
inference as "a logical conclusion from given data or 
premises, a judgment derived by reasoning or implica- 
tion." As a heuristic problem solving tool, inference is 
more broadly defined to include meanings such as 
explicitly stating information that is implicit in the 
problem, making deductions and inductions, and 
generating and testing hypotheses. Viewed in this 
expanded sense, inference becomes a basic component 
of most problems. Indeed, itis difficultto imagine how any 
problem could be solved without it. As an example, 
consider the following problem. 

PIGS AND CHICKENS 
A boy and his sister visited a farm where they saw a 
pen filled with pigs and chickens. When they 
returned home, the boy observed that there were 18 
animals in all, and his sister reported that she had 
counted a total of 50 legs. How many pigs were 
there in the pen? 

The first step in solving any problem is to fully understand 
what is implied in the problem as well as what is explicitly 
stated. For example, in the pigs and chickens problem itis 
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assumed one knows that pigs have four legs and chickens 
have only two. This may seem trivial, but if the problem 
were posed with kangaroos and emus, the same inference 
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might be obvious only to an Australian problem solver. 
The next step is to deduce relationships that may exist 
between elements of the problem. For example, the total of 
50 legs is equal to the number of pigs times four plus the 
number of chickens times two. Also, the pigs plus the 
chickens equals 18 animals. At this stage, anyone with a 
knowledge of algebra would probably symbolize the 
above relationships in two algebraic equations (e.g., 
P+C=18 and 4P+2C=50) and solve for the number of 
pigs. This is certainly a familiar way to solve story 
problems, but for the purpose of emphasizing the 
usefulness of inference let's see how an Australian 
problem-solver might attack the same problem if it were 
posed with kangaroos and emus. 

One usually visualizes a kangaroo resting on its hind 
legs with its smaller front legs in the air. An emu (which 
resembles a large turkey) has only two legs. Thus an 
Australian might easily infer that with 18 kangaroos and 
emus, a total of 36 legs are on the ground. Since there are 
50 legs in all, there must be 14legs in theair, which belong 
to exactly 7 kangaroos. Such a simple solution is very 
unlikely to occur to someone when the problem is posed 
with pigs and chickens, but what is to prevent pigs from 
standing on their hind legs—at least in our minds? It is 
probably true that the less likely we are to make a 
particular inference, the more likely we are to label it 
insight. However, in this problem, it may be more 
appropriate to call it hind-sight! 

As illustrated in the pigs and chickens problem, drawing 
inferences depends heavily upon prior experience. 
Therefore, it may be difficult to make critical inferences 
with complex problems or with problems from an area 
unfamiliar to the problem solver. To overcome this 
difficulty, the computer can be a very effective tool. With it, 
one can rapidly generate important information related to 
a problem, which can serve as a basis for formulating and 
testing hypotheses about a solution. We shall illustrate 
this with the following example from the field of music 
theory. 

The Nun's Fiddle 
The Greek mathematician, Pythagoras, first discovered 

a basic relationship between musical harmony and 
number. This relationship is briefly explained by Helm 
(1967). 

"Pluck a stretched string of any length and allow itto 
vibrate; it will sound a certain pitch. Allow only half 

of it to vibrate and the pitch will rise an octave. If two- 
thirds of the string vibrates, the pitch will rise a fifth 
above the one produced by the total length. For 
instance, if thetotal length produces C, two-thirds of 

the string will produce G. (The interval C-G is called 
a fifth because five lines and spaces on the musical 
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staff are traversed in going from one to the other, 
counting C and G.) Three-fourths of the string will 
yield a pitch a fourth higher than the total length (F, if 
the total yields C) and so on. In time the fractions 
become more complex and the two notes 
represented by the resulting intervals become more 
dissonant if they are sounded together." 

The discovery that pleasing cords correspond to exact . 
divisions of a string by whole numbers had mystic 
overtones for the Pythagoreans. They inferred that if 
nature and number corresponded harmoniously in music 
it must be true that a single order, expressible in number- 
and ratio, governed all the rhythms of nature. This led to 
the myth that the orbits of all heavenly bodies were related 
by musical intervals. "The movement of the heavens were, 
for them, the music of the spheres" (Bronowski, 1973). 
Gradually over the centuries certain ratios corresponding 
to musical intervals became the basis of traditional 
Western music. Silver (1971) explains: | p 

The satisfying intervals were derived from natural 
harmonics, the frequencies of which are related to 
the natural number series 1:2:3. ... Successive ratios 
1:2, 2:3, 3:4... were favored. The lower ratios are 
pleasing; the higher ones tend to harshness and 
eventually become unacceptable. Certain ratios, 
although within the range of acceptable harshness, 
are regularly rejected, e.g., 6:7, 7:8, 10:11, 11:12.... 
There is no obvious reason for this empirical fact. 
However, an analysis of a large amount of material 
discloses that the ear prefers the following finite set 
called the superparticular ratios: 

1:2 octave 8:9 major tone 
2:3 perfect fifth 9:10 lesser tone 

- 3:4 perfect fourth 15:16 diatonic semitone 
4:5 major third 24:25 chromatic semitone 
5:6 minor third 80:81 comma of Didymus 

Therelation of music to number expressed by the super- 
particular ratios is very beautiful, and a complete 
understanding of this relationship may even convince you 
that it is divinely inspired. The superparticular ratios are 
examined with the aid of the tromba marina, a late 
medieval bowed instrument with a single string. The 
instrument was frequently used by nuns ang hence the 
German name Nonnengeige or nun's fiddle. 

NUN'S FIDDLE 
The superparticular ratios in music are related to- 
the prime numbers and can be defined by two 
simple properties. Find these properties and prove 
that they characterize the superparticular ratios 
uniquely. 

Length Note 
1 C 

Comma. of Didymus 
Chromatic Semitone 
Diatamic Semitone 

3/10 Lesser Tone 
8/q D Major Tone 
5/6 Eb Minor Third 
4/5 E Major Third 
3/4 Е Perfect Fourth 
2/3 G Rrfect Fifth 
1/2 Octave 

80/8 

21/25 
15 /16 



The first part of this problem сап be answered by writing 
each whole number in a superparticular ratio in terms of its 
prime factors, i.e. 4= 2, 6=2°3, 8-2?, 9-3?, 10-2:5, 
15=3°5, 16=2*, 24=23:3, 25-5?, 80-2*^.5, 81-7 3^. One can 
infer that two properties characterize these ratios: (1) 
Each number is of the form 283D5C€ where a,b,c 0, апа 

(2) the numbers in each ratio differ by one. The difficult 
question is whether these two properties determine the 
superparticular ratios uniquely. Expressed another way, is 
it true that if a ratio of two whole numbers satisfies 
conditions (1) and (2) then it must be one of the 10 super- 
particular ratios? This statement is, in fact, true, and it was 
first proved by Stormer (1897). More recently it was re- 
examined by Halsey and Hewitt (1972). However, to 
understand the formal proof requires a considerable 
amount of mathematical expertize. In contrast, it is quite 
easy to write a computer program to generate successive 
numbers of. the form 2а305С from which a number of 
inferences can be made. Of course these inferences do not 
represent a strict proof but at least they increase one's 
understanding of the problem to the point where a proof 

_ may be easier to discover. 
Program FIDDLE was written to do precisely that— 

fiddle around. It allows one to specify a set of primes pı, рг 
pk from which consecutive whole numbers are 

generated which have these primes as their only factors. In 
the sample run the primes 2,3,5 are specified, and all 
numbers, up to 1000, which havethese primes as their only 
factors and which differ by one are printed out. What we 
Observe are' precisely the numbers in the superparticular 
ratios. 

Conclusion 
Our ability to make inferences in problem solving is 

strongly dependent upon our past experience as il- 
lustrated in the pigs and chickens problem. We can 
overcome this difficulty in many instances by using the 
computer to generate information to enrich our un- 
derstanding of a variety of problems—even those which 
are not 'divinely inspired.' 

Post Script 
What are the superparticular ratios for the primes 2,3,5 

and 7? The answer may surprise you! Be patient; there are 
23 ratios. Also, what can you infer about superparticular 
ratios relative to any set of primes that does not contain 2? 
Perhaps we have not gone far enough, and there exists two 
consecutive numbers beyond 1000 of the form 283bsc. 
Because a computer is limited to calculating a finite 
number of cases, it is impossible to absolutely rule this 
out. However, one can generate more evidence to weaken 
the case by observing the sequence of differences 
between successive numbers that are of the form 283b5C, 
This information is also shown in the sample run. 
Although the differences are not constantly increasing, at 
least they appear to be moving toward higher and higher 
values. This information prompted the authors to conjec- 
ture that for any specified distance d, successive terms of 
the form 283b5C will eventually all differ by at least d. 
Shortly thereafter we found it had been proved 
mathematically by Stormer (1898) for any number of 
specified primes. 

FIDDLE PROGRAM 

LIST 
FInBnLE 

10 PRINT "THIS PROGRAM CAN BE USER TO STUDY SUPERPARTICULAR* 
20 PRINT "RATIOS RELATIVE TO ANY SPECIFIED SET OF PRIMES." 
XO PRINT 
A0 PRINT * HOW MANY PRIMES DO YOU WANT TO ЅРЕСІЕҮ" 
SO INPUT K 
60 PRINT "WHICH ONES ARE THEY (SMALLEST ONE FIRST) "3 
70 MAT INPUT PEKI 
80 PRINT " HOW HIGH D YOU WANT TO SEARCH *; 
90  INFUT M 
100 FRINT | 
110 PRINT “THE SUFERFARTICULAR RATIOS UF ТО" М 
120 PRINT "FOR THE SPECIFIED FRIMES АКЕ: " 
130 PRINT 
140 DIM 1С10002 
150 J=0 
160 Ү=1 
170 X=PĽ1] 
180 N=X 
190 FOR I=1 TO K 
200 IF N/FLIJ&INT(N/FLIJ) THEN 230 
210  NzN/PEIJ 
220 бота 200 
230 NEXT I 
240 IF N#i THEN 300 
250  J-J41 
260 TIC J1=X~Y 
270 IF X-Y#1 THEN 290 
280 FRINT Y"/ "X 
290 Y=X 
300 Х=Х+1 
310 IF XzM THEN 180 
320 PRINT LIN(2) 
330 PRINT "THE DIFFERENCES BETWEEN SUCCESSIVE INTEGERS UP TO"*;M 
340 PRINT "WITH THE GIVEN FRIMES AS THEIR ONLY FACTORS АКЕ: " 
350 PRINT 
360 FOR I=1 TO J 
370 PRINT 0СІ1? 
380 NEXT I 
390 PRINT LIN(2) 
400 END 

-SAMPLE RUN 

THIS PROGRAM CAN RE USED TO STUDY SUFERFARTICULAR 
RATIOS RELATIVE TO ANY SPECIFIED SET OF FRIMES. 

HOW MANY PRIMES ПО YOU WANT TO SFECIFY'*S 
WHICH ONES ARE THEY (SMALLEST ONE FIRST) ?P2+39S 

HOW HIGH 10 YOU WANT TO SEARCH ?1000 

THE SUPERPARTICULAR RATIOS UF TO 1000 
FOR THE SPECIFIED FRIMES АКЕ: 

1 7 2 
2 / 3 
3 / 4 
4 а 9) 
3 / 6 

8 А 9 
9 / 10 
15 / 16 
24 f 25 
80 / 81 

THE DIFFERENCES BETWEEN SUCCESSIVE INTEGERS UF FO 1000 

WITH THE GIVEN FRIMES AS THETR ONLY FACTORS АКЕ: 

1 1 1 1 1 x 1 1 2 3 1 3 

2 4 1 2 a 9 4 4 к 3 2 4 

6 4 8 & Si 1 9 4 4 8 12 e 

3 7 ° 6 10 2 18 qp 8 16 9 15 

3 i2 % 14 18 12 20 4 36 Ta 9 14 

s m 18 30 6 14 12 2n 36 24 E | 

8 Be 4" 9 241 18 uo 10 E: A6 60 lee 

NONE 
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FLOWCHART 
FLOWCHART NOTES 

1. P(1), P(2), ... P(K) are the K specified primes. 

2. Misthe specified limit up to which the search is carried out. 

3. Y and X store successive integers which have the specified 

primes as their only factors. J counts the numbers of such 

integers up to M. 

4. Loop 1 checks each integer N for prime factors from the 

specified list. — 

5. If N has only these primes as factors then it is stored in X. 

6. The difference between successive integers which have the 

specified primes as their only factors is stored in D(J). 

7. If the difference D(J) = 1 then Y/X is a superparticular ratio 

relative to the set of primes P(1), P(2), ... P(K) and is printed 

out. 

8. Loop 2 checks consecutive integers until the limit M is 

reached. 

. The differences defined in 6 are printed out. 

INPUT PRIMES 
PO yack CN) 
AND LIMIT M 

FOR I=1 TO K 

PRINT 
DIFFERENCES 
DG). DW: 
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The Transposition and Composition 
о Music by Computer 

David B. Shmoys 

Manuscript writing and the transposition of music have 
long been regarded as tedious and cumbersome tasks. An 
efficient computer program that performs these menial 
chores quickly would be extremely useful to musicians. In 
addition, a program to get the computer to compose music 
that is pleasing to the ear has long been sought. 

This project deals with an attempt to solve this problem 
using the Wang 2200 computer. | developed a program 
which converts alphanumber data describing musical 
notes into an acceptable musical score. Furthermore, | 
incorporated as a possible input, Mozart's "Musical Dice 
Game" which produces a sixteen measure minuet by 
random selection from a stored set of measures. 

The program itself can be divided into three sections. 
The first section controls the drawing of the musical 
manuscript. The middle section transposes music any 
interval up or down. The final portion of the program is 
devoted to the composition of music using the work, 
"Muikalisches Wurfelspiel" written by Wolfgang Amadeus 
Mozart. The computer used was the Wang 2200 with 12k of 
core and a flatbed plotter. 

David is now in 12th grade, in Huntington Station, New 
York. This project was shown atthe NCC Compyouter Fair 
in NYC in June 1976 

David at the NCC student computer Fair. 
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a tee shirt. Or your bikini if 
you want. 

You're on a leisurely cruise 
to remote islands. With names 
like Martinique, Grenada, 
Guadeloupe. Those are the 
ones you've heard of. s 

A big, beautiful sailing vessel 
.. glides from one breathtaking 

,^ . Caribbean jewel to another. 
v. And youre aboard, having 

. the time of your life with an 
\ intimate group of lively, fun- 

loving people. Singles and 
couples, too. There's good food, 

s 0105: and a few pleasant 
^A comforts...but there's little 

resemblance to a stay at a 
fancy hotel, and you'll be 
happy about that. 

Spend six days exploring 
paradise and getting to know 
congenial people. There's no 
other vacation like it. 

Your share from $265. A new cruise is forming now. 
Write Cap'n Mike for your free adventure 

booklet in full color. 

Name 

Address 

City State i Zip 

Phone 



Creative Computing Feature Review ... 

THREE SYMPOSIA 
Susan Strapac 

Three Symposia. Barry S. Brook, Editor. The American 
Musicological Society Greater New York Chapter, City 
University of New York Press. 1970 

. The three symposia with which Three Symposia is concerned 
took place over a period of approximately one year. The first, 
Musicology and the Computer I, was held on April 10, 1965 at 
Rockefeller University, then Rockefeller Institute. Three 
speakers described their work in computer aided analysis of 
music, style investigation and documentation. Their lectures are 
published, followed by a “discussion.” The second symposium 
was held at the IBM Systems Research Institute on May 10, 
1965. This conference, Input Languages to Represent Music 
(Musicology and the Computer II), was to be a working session 
in which participants reported on their work in transforming 
musical notation into machine-readable form, after which the 

- various methods and often conflicting ideological approaches 
were subjects of discussion. Most of the papers printed were 
submitted after the symposium, but the conference was taped 
and the "discussion" section includes presentations from the 
conference itself. The third symposium, Musicology 1966-2000: 
A Practical Program, took place at Queens College of the City 
University of New York on May 21, 1966. The subject was the 

. future of musicology, not computers themselves, but, naturally, 
the inevitable use of computers was mentioned. 

Also included are a preface by editor Brook, an Introduction 
dealing with the origin of the American Musicological Society, 
and a bibliography. Of course, because of constant rapid change 
in the field of computer hardware and software, state-of-the-art 
reports are essentially obsolete even as they are written. The 
editor does offer his apologies for the long delay in publishing, 

/.. but it would require another book to record the changes which 
had taken place even by 1970 in everything with which at least 
the first two symposia were concerned. The lone benefit of the 
delay was to allow the extensive bibliography to include item 
published up to the middle of 1970.! | 

Some of the projects and ideas detailed in Three Symposia 
have either never gotten off the ground or have been 
discontinued for one reason or another. ALMA (Alphameric 
Language for Music Analysis), developed by Murray J. Gould 
and George W. Logemann and based on the Plaine and Easie 
Code invented by Barry S. Brook and Murray J. Gould, is 
described at length (P. 57-90) and in detail. Yet it has never 
really found users. Roland Jackson and Philip Bernzott (“А 
Musical Input Language and a Sample Program for Musical 
Analysis," p. 130-150): open their article with the statement: 
"Computer analysis of music opens a new and exciting area to 
the scholar .... Obviously, so important a research tool can no 
longer be ignored by the serious musicologist." Yet both have 
disappeared from the computer/musicology scene. Michael 
Kassler’s music-reading machine (“An Essay toward Specifica- 
tion of a Music-Reading Machine," p. 151-175) has not since 
produced any reportable results.* However, he is presently at 
work in Australia under the auspices of a Guggenheim 
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fellowship on a mathematical analog to the Schenker system of 
musical analysis. Eric Regeners LMT-SAM (Linear Music 
Transcription-System for Musical Analysis) described on p. 
181-184 has gone nowhere, though he is still involved in the area 
of computer applications to musical analysis. 

Though some ideas have failed to develop, others have borne 
fruit. Allen Forte's article “The Structure of Atonal Music: 
Practical Aspects of a Computer-Oriented Research Project,” p. 
10-18, has led to his recent book The Structure of Atonal 
Music. 2 Professor Forte’s work exemplifies the “old” saw that 
having a computer is no substitute for having an idea. The 
computer and computer techniques are so subordinate as to be 
almost unapparent in the book. The computer, rather than 
suggest areas of inquiry, was the only logical means of handling 
the “accurate processing of a large amount of information, a 
task virtually impossible to carry out by hand methods” as the 
author himself says. Lewis Lockwood (“A Stylistic Investiga- 
tion of the Masses of Josquin Desprez with the Aid of the 
Computer: A Progress Report,” p. 19-27) has since dropped out 
of the music/computing field, though the project itself, being 
carried on at Princeton under Professor Arthur Mendel and 
Thomas Hall, is yielding excellent results using computerized 
variant reading comparisons in tracing the manuscript sources 
of Josquin's Masses? Barry Brook’s projections (“Music 
Documentation of the Future," р. 28-36) for RISM (Inter- 
national Repertory of Musical Sources) have come true. 
Appearance of the sixth volume of the "AT" Series (cataloguing 
all manuscripts of individual composers from the late 16th to 
early 19th century) is imminent and the “АП” Series will involve 
a computerized catalogue of well over 3,000,000 musical 
incipits. RILM (International Repertory of Musical Literature) 
— computer assisted, edited by Dr. Brook, and one of the most 
valuable music research tóols currently available — has come 
into being since the three symposia. *The Ford-Columbia Input 
Language," p. 48-52, was summarized from tapes of Stefan 
Bauer-Mengelberg's discussion at the second symposium. This 
language, known now as DARMS, is alive and well, has some 
dozens of users around the world, and was one of the focal 
points of MUSICOMP 76, a workshop in computing and music 
supported by the National Endowment for the Humanities, held 
this past July at S.U.N.Y.- Binghamton with Mr Bauer- 
Mengelberg as its director. (A reference manual is currently 
available.4) DARMS is the most comprehensive of all the input 
languages for music, suitable for analysis, thematic indexing 
(for example, Harry Lincoln, a participant in the second 
symposium, uses DARMS for his thematic index of renaissance 
music), and music printing. “The Plaine and Easie Code,” p. 53- 
56, is the language used for RISM's incipit catalog from which, 
with some adjustments, the incipit can be printed in elegant 
musical notation. Jerome Wenker (*A Computer Oriented 
Music Notation Including Ethnomusicological Symbols," p.91- 
129) is still actively at work in the area. MUSTRAN II, which is 
an upward compatible development of the system he described 
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at the second symposium, has considerable software support 
and has found several users, especially in the area of 
ethnomusicology.? 

Naturally, to comment critically on the quality or lack of itin 
any of the articles in this book is uncalled for since time itself has 
reviewed each author's work. Some of the longest and most 
detailed descriptions concern essentially stillborn ideas. Some of 
the briefest outlines have been precursors of the greatest 
successes. The book's value now, and it is not inconsiderable, is 
as an historical document. It should be read as such, keeping in 
mind what of its contents has succeeded and what has failed. The 
reasons for failure especially are legion and impossible to report 
on accurately and with fairness to all sides. Probably the most 
“undated” material in the book is to be found in the last 
symposium (especially in the articles by LaRue, Palisca and 
Zimmerman) where machine-oriented detail was not at issue. 

An idea of quality and merit will weather all storms of 
technological change, and re-reading of Three Symposia ten 
years after bears this out. — = 

*At the second symposium, Mr. Kassler actually spoke on the 
IML-MIR system being used for the Josquin project at 
Princeton. A transcription of his comments may be found in the 
Discussion and Commentary section, p. 178-181. 

FOOTNOTES 

l. It is not, however, unique in the field. An annual 
bibliography on computer applications in music and 
musicology is published in Computers and the Humanities, 
a periodical edited at Queens College of CUNY by Joseph 
Raben. A compilation by their former music bibliography 
editor, Stefan Kostka (А Bibliography of Computer 
Applications in Music (Music Indexes and Bibliographies 
7), E e N.J., 1974) includes material published - 
into 1973. 

2. Allen Forte, The Structure of Atonal Music, Yale 
University Press (New Haven: 

3. Arthur Mendel and Thomas Hall, “Princeton Computer 
Tools for Musical Research," Informatique et Sciences 
Humaines 19 (December 1973), p. 35-59. 

4. Information on obtaining the manual, which was used at 
MUSICOMP 76, may be had by writing to its author, 
Raymond Erickson, at the Music Department, Queens 
College, C.U.N.Y., Flushing, N.Y. 11367. 

5. Jerome Wenker, *MUSTRAN II: А Foundation for 
Computational Musicology,” Computers їп the 
Humanities, J. L. Mitchell, ed., University of Minnesota- 
Press (Minneapolis: 1974), p. 267-280. 
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Tektronix 4051 BASIC Manuals 

Four manuals and two identical pre-recorded tapes 
accompany the Tektronix 4051 Graphics System, whose 
hardware and software were reviewed in the Nov/Dec 1976 
issue (page 20). One of the four is the operator’s manual, 
covering (and expanding on) the tutorial and plotting 
programs on the tapes, with sections on “keys, buttons and 
switches,” routine maintenance, and various appendixes. The 
second book is a reference manual. 

The other two, not available at the time of writing the 
review, are the BASIC manuals, 8! by 11 inches in size, almost 
7$-inch thick, in plastic bindings. 

The “Introduction to Programming in BASIC” has seven 
chapters: Essentials of BASIC, Directives, Arrays, Character 
Strings, Subroutines, Extended I/O, Graphics. The seven 
appendixes are on hierarchy of operations, ASCII code, error 
messages, etc. The book covers just about everything one might 
want to know about using BASIC on the 4051, but it is an 
uneven book, with both fine and poor sections. The programs 
get too complicated too soon; the reader is not led up to each 
with enough of a firm background in the preceding pages. In 
many places, where examples would help immensely, they 
aren’t given. 

The first real program, which takes 13 lines to calculate the 
roots of a quadratic is fairly simple and well-explained. The 
second and fourth programs are simple, but the third is a little 
too complex at this stage of the game. The “example 
programs” at the end of each chapter are often given with little 
or no explanation, and are often too complicatyed for the 
beginner at that particular point in his learning of BASIC. This 
book is more like a reference manual, assuming the reader to 
be knowledgeable, although the introduction says this is a 
“fundamental approach.” 

There are some fine sections, such as the 4! pages that give 
one of the best explanations I’ve ever seen of bubble-sorting, 
with a flowchart, pictorial, and full clarification. Also good 1s 
the section on two-dimensional arrays. Although the book is 
quite strait-laced, it does include what might be called a “fun 
program,” which computes the Arabic equivalent of Roman 
numerals, plus a real far-out program that changes a sentence 
to its Pig Latin form! 

There are some unique functions I hadn't seen before, and 
which may have been created just for the 4051, such as FUZZ 
which establishes the degree of precision for comparisons, and 
SECRET, which prevents a program from being listed. 

Output formatting, in the Extended I/O chapter, gets quite 
complex on a 4051, with 13 operators and 7 modifiers. To print 
a string of ------- , this manual has USING “xX, 51””-”””, 
whereas everybody else uses just PRINT “---------- ." Nice to 
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have everything automated, but this means just so much more _ 
to remember, or to look up. Or maybe it just takes getting used 
ftoi. | 

The fourth manual, “Introduction to Graphic Programming 

in BASIC,” has nine chapters: Graphic Statements, Data Input, 

Graphing, Transformations, Axis, Labels, Enhancements. 

(dashed lines, cross-hatching), Pictures, and Three Dimensions. 

Of the seven appendixes, two are exactly the same as the other 

BASIC manual: 6-page glossary, 9-page list of error messages. 

This manual also assumes a knowledge of programming, as 
very, very little explanation of programs is ever given. The 
book seems to simply show programs that are meant to be 
copied out, rather than trying to teach programming. 
However, there are, near the end of this book, in the chapter on 
enhancements, four programs that do get full explanations. 
These programs can really use the clarification as they are 
complex and long (for a manual), 62 to 81 lines each. Here the 
book is extravagant, giving eleven ways to terminate an IN- 
PUT loop. Yet in other places it is stingy, especially with ex- 
planations and examples. 

The chapter on Pictures gets quite difficult, with very long 
programs, of up to 100 lines, on the various types of 
projections (oblique, orthographic, etc.). 

Here, then, are two books that present all the information, 
but without much imagination or examples, or explanation of 
programs. Curiously, the manuals seem to have been written as 
though the 4051 were not available to the reader. There are 
only two places in the manuals where the reader is asked to use 
the 4051. The author or authors could have written much more 
useful books by making them interactive, by having the reader 
use the machine on each page, to teach him by hands-on use. | 
Perhaps the authors felt it best to write what are essentially 
reference manuals, and let the reader try out, on the 4051, 
whatever he feels like. 

These manuals do not really teach, as other BASIC books 
do, since they do not progress in an orderly fashion, explaining 
programs as they go, building up a gradual picture of how to 
use the language. But there is a great deal of useful information 
here, apparently the whole story on the 4051, presented in a 
workmanlike fashion. Because of this, many people with 
previous experience will no doubt find the manuals more than 
adequate. But for the beginner, they leave something to be 
desired. 
How to rate these manuals? For content, B or even B-plus. 

For style, C or perhaps C-minus. If only the manuals had been 
written with as much imagination as went into the design of the 
4051, they would be real winners. 

Stephen B. Gray 
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The Computer and Music. Edited by Harry B. Lincoln. Cornell 
University Press. 21 articles. xvi * 354 pp.; hard cover. $17.50. 
1970. 

In a field that is expanding as rapidly as computer-use in 
music, a book published six or seven years ago may seem 
hopelessly out-dated. Actually, any interested person reading 

- this book today can gain a great deal of historical and practical 
knowledge of the field. That is possible because the articles 
offered by the various contributors are written for various 
purposes and presume various levels of technical background. 

Articles are included that are chiefly philosophical, while 
others are chiefly descriptive in the technical or research sense. 
Of the longer articles, there is one that traces the development of 
technology in its relation to sound and music, and another that 
surveys computer-composed music to 1970. 

Unfortunately, computer-assisted instruction in music is left 
out entirely. Considering the highly developed state of CAI 
today, it is interesting that in 1970 the editor of The Computer 
and Music could write: *A third area, computer-assisted 
instruction in music theory, has emerged too recently to assess 
its effectiveness or possibilities" (Lincoln, 1970, p. x1). 

There is no way that the encapsulated descriptions that follow 
can do justice to the articles themselves. The point is that, even 
with the exclusion of CAI, there is in this book a great variety of 
offerings for musicians, researchers, educators, composers, 
programmers, and technicians alike. It is hoped that the 
descriptions will give an impression of the subject with which 
each contributor 1s concerned and how the computer relates in 
each case. 

The book is divided into six parts. Part One, Historical 
Background, contains a single twenty-page article by Edmund 
Bowles on the subject of the development of technology as it 
relates to music and sound. It is a fine article that uses language 
with remarkable succinctness. The use of computer-related 
terms to help describe music-related devices such as the 
hydraulic organ and the phonograph serves remarkably well. 

Part Two, Music Composition, contains an article by Brun 
and an article by Strang that concern themselves with the ethics 
of computer composition, a fifty-four page article by Hiller that 
surveys music composed with computers, and an article by 
Citron that supplies instructions for inputting elements of music 
to the computer with MUSPEC (a programming language) and 
describes the processes and results of synthesizing computer 
output. It is one among several articles that are essentially 
descriptions of specific projects involving problems of computer 

104 

... PEVIEWS... РЕМ 
input and output. 

Part Three, Analysis of Music , contains seven articles (each 
under sixteen pages) all of which are descriptions of specific 
projects. Perhaps because of the obvious permutational aspects 
of harmony and the relative ease with which intervals in music 
can be turned to numbers, many of the projects concern 
themselves either with searches for the interval combinations in 
specific pieces of music, identification of style through interval 
combinations, compilation of statistics related to intervals, or 
analysis of intervals for the purpose of synthesizing music. 

Articles by Fiore and Fuller analyze the music of Webern. 
Articles by Lefkoff and Stoney each present statistics related in 
the former case to the discovery of similar segments in the forty- 
eight permutations of a twelve tone row and in the latter to the 
problems of equal temperament. The Morton and Lofstedt 
article describes three Fortran programs that are coupled to 
numerical definitions of tonal material. Two are for composi- 
tion and one for analysis of tonal music. They report: “At 
present, to be sure, both programs produce a conventional four- 
part music not unlike that achieved by music students at the end 
of their first year of collegiate study" (p. 161). Roland Jackson's 
article concludes that the most interesting observation in his 
study is the selection of certain harmonic colors by Webern, 
Stravinsky, and Varese which *... are heard frequently enough 
to provide a sense of unity with the piece as a whole" (p. 146). 
Youngblood's project, using a modification of the DARMS 
code, encoded music of Bartok, Schoenberg, and Hindemith for 
the purpose of establishing composer identification through 
root progression analysis. 

Part Four, Ethnomusicology, contains two articles. Benjamin 
Suchoff reports upon procedures and findings obtained from 
computer programs that extract comparisons (such as interval 
sequences) from data encoded with the Ford-Columbia 
Representation. Pitch, duration, and other elements of music 
notation are encoded with this encoding system. Music used in 
the experiments included melodies from the folk song 
collections of Bartok. The Lieberman article is related to 
computer recognition of patterns in certain improvisations 
heard in Javanese gamelan music. The reviewer was impressed 
by the interesting and practical aspects of this study along with 
its implications for analyzing improvisatory styles and its slight 
overtone of what might be called an ethical problem. There is a 
thread of concern, in this book, about relinquishing decisions to 
the computers. As might be expected, the composer- 
contributors seem to address themselves to this concern more 
than the researcher-contributors. | 

Another thread that winds through the book is the search for 
some further definition of the concept of “style.” Depending 
upon how well elements of style are defined, the computer ought 
to be able to identify composers and periods given the encoded 
musical elements of a piece. It ought even be able to output data 
that can be synthesized to produce pieces in various styles. 

- Part Five, Music History and Style Analysis contains five 
articles. Two of the articles are directly concerned with using the 
computer to further define elements of style. Crane and Fiehler 
report upon numerical or statistical methods of comparing 
musical styles. They are able to picture some of the results of 
their work with a dendrogram showing twenty chansons 
clustered according to style. “Music Style Analysis by 
Computer" by A. James Gabura is one of the longer articles (53 
pages) Gabura is able to describe clearly the use of such 
concepts as “key” based on “pitch-class distribution" and "root 
movement," which are concepts experimented with for the 
purpose of developing computer-based style analysis. Gabura 
also describes methods for extracting such concepts or 
“parameters” from pitch and duration data for the purpose of 
identifying individual style in the pianoforte music of Haydn, 
Mozart, and Beethoven. : 

The remaining three articles constitute practical projects in 
the area of Music History. Barton Hudson describes a proposed 
catalog of French chansons inputted with the DARMS 
encoding system and accessible by musical incipits and other 
references. Earle Hultberg reports on programs that transcribe 
tablature to standard notation. Theodore Karp reports upon a 
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computer-based system for determining degrees of melodic 
resemblances in Notre Dame organa dupla. 

Part Six, Music Information Retrieval, contains two articles. 
The first (26 pages) by Michael Kassler is taken up chiefly with 
^... а description, in the form of a programmers’ manual, of a 
special-purpose programming language called MIR the 
acronym of the phrase ‘musical information retrieval’” (p. 299). 
The second is a detailed proposal for the development of a 
computer-accessible music library catalog for scores and 
phonorecords. The authors (Tanno, Lynn, and Roberson) are 
not referring to retrieval of individual notes in compositions, of 
course, but to literal library references such as “composer,” 
“instrument,” “subject.” They make a strong case for such a 
system claiming not only increased efficiency, speed, and 
accuracy, but lower cost. Most important to them, however, are 
* ... the myriad of information possibilities inherent in the data 
base being developed” (p. 342). 

It is certainly outside the scope of this review to update the 
projects in this book. It is hoped that a new and updated edition 
of The Computer and Music will soon be forthcoming. 

Robert W. Placek 
Assistant Professor of Music 

University of Georgia 
Athens, Georgia 
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The Technology of Computer Music. Max V. Mathews. M.I.T. 
Pres, Cambridge, Mass. 188 pp. 1969 

The term “computer music” has been used to describe 
computer-aided activity in all phases of music production. The 
subject of Mathews’ book is not that broad. It is concerned 
primarily with a specific method of computer sound synthesis, 
the direct calculation of the sound pressure wave. I have come to 
refer to this method as direct synthesis. Other methods exist 
which involve a computer in control of external sound 
producing and sound shaping modules. These methods might be 
referred to collectively as indirect synthesis. The main advantage 
of direct over indirect synthesis is that, at a greater cost in CPU 
time, the composer is freed from the limitations imposed by the 
availability and configuration of the external sound modules. 
With indirect synthesis the number of each kind of module is 
finite. By dealing directly with the sound wave the composer has 
virtually an infinite supply of computer-simulated modules, 
giving him virtually infinite. control of the sound. He can 
produce any sound he can specify and vary it over time in any 
way he can imagine. The trick is in being able to specify what is 
desired. The MUSIC V program described in this book, a 
product of the work of Mathews and others at Bell Labs, 
provides the composer with a powerful language for doing just 
this. 

Chapter One, “Fundamentals,” describes the technique for 
representing sound as a sequence of numbers, known as 
samples, and then transforming the numbers into sound. Each 
sample represents the amplitude of the sound wave for an 
instant of time. Once the samples have been generated, they can 
be transformed into a variable voltage which can then be 
amplified and used to drive a loudspeaker. These discrete 
samples represent a continuous function varying over time in the 
same way that the individual frames of movie film represent a 
continuously changing picture. The speed at which the 
individual units are presented is so fast that the observer cannot 
resolve them; he is aware only of continuity. Various kinds of 
distortion arise if the range of numbers used to represent the 
amplitudes is not wide enough (quantizing error) or if the 
duration of the sample is not short enough (sampling error). 
30,000 samples per second must be calculated if the full 15,000 
herz bandwidth of human hearing is to be represented. 
Attempting to generate sounds with partials higher than half the 
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sampling rate results in another kind of distortion (foldover). 
Chapter Two consists of a graded sequence of scores written | 

in the MUSIC V language. Through these examples Mathews 
describes the operation of the program and gradually introduces 
various components of the language. MUSIC V is written for 
the composer accustomed to designing his instruments by 
patching together the sound modules found in conventional 
synthesizers. In MUSIC V the patching is done symbolically. | 
Information for playing the instruments is given by the notes, 
data records of pitch and time specifications. Although the input 
format is tedious, the composer can write conversion and 
composition subroutines in FORTRAN or assembly language 
which allow the computer to take over much of the “dirty work” 
while the composer works with a more musically-oriented 
format. 

Chapter Three, “MUSIC V Manual,” presents much of the 
same information as Chapter Two but in a systematic manner, 
designed for easy reference. ) 

Although the book is now seven years old and MUSIC V has 
undergone further modification since its publication, it still has 
much to offer. There are similar programs running on 
institutional computers all across the country. This book is a 
good introduction to any of them. Chapter One is a thorough - 
guide to the sampling technique. It and the Appendix contain 
the mathematics required for a thorough understanding, yet the 
chapter is comprehensible to those who have not progressed 
beyond a basic understanding of algebra. The mathematical 
sections have been flagged with asterisks, and the rest of the 
chapter has been so arranged that the reader can skip the math 
and come away with a working knowledge. Mr. Mathews has 
accomplished this feat by clear and non-technical explanations 
supplemented with copious illustrations. 

The book could be used as a text. There are lists of sample 
problems and bibliographies which lead the reader to some of 
the most significant literature on the subject wirtten before 1969. 
Since it is almost entirely in FORTRAN, MUSIC У 15 easy to 
implement on any system and also easy to study. Consequently, 
the book and the program together provide a model for anyone ~ 
intending to write a sound synthesis program. 

The criticism offered here is not of the book itself but of the 
kind of program which has been described. Direct synthesis 
programs are extremely powerful, but they also require large 
amounts of CPU time. It is quite conceivable that a given second 
of sound may take a full minute to compute. If the composer has 
access to a computer for the time required, he then must contend 
with the special requirements for converting the digital 
representation of the sound to a form that can be recorded and 
played back by a conventional tape recorder. Sometimes these 
facilities are not available at the same computer center which 
produced the digital tape. This can cause long delays between 
submittal of a job and the return of an audible product. 
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However, advances in computer technology will probably deal 
with these problems before a more powerful sound generation 
technique is devised. In Mathews’ book this technique is given a 
classic presentation. | 

Richard E. Saalfeld 

Columbus, Ohio | 
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Rogers, John E. *The Uses of Digital Computers in Electronic 
Music Generation," from The Development and Practice of 
Electronic Music Edited by Jon H. Appleton and Ronald C. 
Perera. Prentice-Hall, Inc., Englewood Cliffs, N.J., 1975. 

‘It is exciting to find a book on electronic music destined for 
wide acceptance which devotes almost one-third of its content to 
computer use for electronic music generation. Mr. Rogers 
places a deserved emphasis on the computer when he suggests 
that the "expansion (of electronic music studios) must involve 
digital computers as essential units in electronic music 
generation." This support of computer use might even be 
considered mild, since it 1s the reviewer's belief that, even more 
than as an expansion, the computer will be the central and basic 
unit in future electronic music studios, ultimately requiring their 
total re-design. 
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Rogers cites two basic methods for the computer’s use: as a 
digital control device for an analog studio and for pure 
computer sound synthesis. The logical trend to systems based on 
digital control of digital devices is referenced, but both 
enthusiasm and material on this approach are lacking in this 
chapter of the book. 

Giving an excellent recommendation to this work is easy, 
since it provides valuable, specialized information not frequent- 
ly found in a book with such wide circulation. However, the 
reader must be able to move from the interpretation of general 
information usually understood without in-depth knowledge to 
the fairly detailed descriptions appealing mostly to those who 
have a specialized interest in computer music. The transition 
from general to specific is quick and apparent, with enough 
material included to develop each into separate and valuable 
chapters. 

The general information covers: the limitations of present- 
day studios which may be eliminated through computer use; the 
basic uses of computers in electronic music; the major 
characteristics of computer technology such as timesharing, 
batch processing, and minicomputer applications; and com- 
puter programming techniques. In addition, a replication of 
information readily available and clearly presented in Max 
Mathews’ The Technology of Computer Music (M.I.T. Press, 
1969) is included. This fact is mentioned, not to criticize Mr. 
Rogers for including his own explanations of D to A conversion, 
foldover distortion, sampling, quantizing, and other basics 
inherent in digital representation of sound waves, but to 
emphasize the importance of Mathews' earlier work now 
recognized as a published landmark in the field. 

Several explanatory points related to simple programming 
concepts were disappointing when compared to many other 
excellent sections of the chapter. For instance, the technique of 
branching, with all of its unique and valuable characteristics, 
was presented too simply as a mode which “allows certain 
instructions to be skipped or branched around." In a somewhat 
similar fashion, the notion that “the computer should ... be 

_ programmed in a high-level language, preferably Assembly 
Language" is puzzling in that much more sophisticated 
languages are available, even on minicomputers, for executing a 
series of assembly instructions in one single command. Rogers' 
justification for use of assembly language due to economic 

. factors associated with its greater speed seems invalid with 
modern technology. 

.. The more technical aspects of the chapter dealt with computer 
sound synthesis, based (too much) on the MUSIC 360 coding 
system of Barry Vercoe. Although the reviewer considers this as 
a weakness of the article, Rogers purposely limits himself and 
states, "MUSIC360 can be understood, at a basic level, with 
only the information presented in this chapter." The weakness 
here that is felt is one of narrow coverage of “The Uses of Digital 
Computers in Electronic Music Generation,” since other 
different approaches have equal validity. 

Although I would have preferred it if Mr. Rogers had looked 
more toward the future — to advancements that are bringing 
computer technology out of its infant stage, to general 
availability for all, and to the increased ease of use and 
operation, he has made a major contribution in reporting some 
of the continuing developments in the field. 

| David Swanzy 
Professor and Coordinator of Graduate Studies 

in Music Education 
Southern Methodist University 

Dallas, Texas 
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. Computer Careers, Planning, Prerequisites, Potential. John 
Maniotes and James S. Quasney. Hayden Company, Inc., 
Rochelle Park, New Jersey 07024, 180 pp. $4.95. 1974. 

The eight chapters of this book provide the reader with a 
sound basis for making decisions concerning a career in 
electronic data processing. The second chapter, titled “How - 
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Computers Do It," provides an excellent overview of computer 
operation written in plain language which can be understood 
by individuals without a background in electronic data 
processing. 

Other chapters cover such areas as the kinds of educational 
training required for the variety of jobs in EDP and do an 
admirable job of outlining the requirements of various 
programs. Unfortunately, the book does not contain informa- 
tion on educational computing, which is rapidly expanding as a 
“new” enterprise. Chapter 5 provides an excellent overview of 
the costs of an education and how the student can defray such 
costs through grants, scholarships and fellowship programs. 
The resource list provided is extensive in terms of the agencies 
which assist students enrolled in EDP fields. 

Chapter 6 discusses the problem of finding a computer- 
EDP-oriented job and presents an excellent outline of a 
procedure for developing a resume which can be used 
universally in preparing such a document. It also provides 
excellent hints on the interview process and the variety of tests 
that one may be required to take in seeking a position. 

The final chapter of the book describes three types of 
institutions that offer degrees in electronic data processing. It 
gives the pros and cons of each type of institution and points to 
the need to look critically at all institutions to determine if the 
objectives of the program are in harmony with the career 
objectives of the individual. | 

Although texts typically involved in computers and 
computer professions are out of date within a few years of 
publication, this text can provide a continuing source of 
information for students who are graduating from high school 
and trying to determine which institution they should attend, 
as well as students who are already in higher education who are 
looking forward to a position in the field. The book may seem 
elementary to many, but this reviewer feels that it does provide 
an excellent resource for a younger student who is in the 
awesome position of trying to make a decision for a life-long 
career. I would also recommend the book for guidance 
counselors, since it is written in terms that non-EDP-oriented 
people can understand and apply. 

Daniel Krautheim 
Columbus, Ohio 
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Introduction to Programming Languages. W. Wesley Peter- 
son. Prentice-Hall Inc., Englewood Cliffs, N.J. 358 pp., $12.95, 
1974. 

In this easy to understand book, eight programming 
languages are presented under the four major sections 
Scientific, Data Processing, Character String Processing, and 
List Processing. The languages used are BASIC, FORTRAN, 
COBOL, PL/1, ALGOL, APL, SNOBOL, and LISP. PL/1 is 
covered in each of the four major sections in which the language 
features appropriate to that section are discussed. The use of 
simple problems to illustrate the features of the language under 
discussion makes this an attractive text for an introductory 
course on programming languages. Some of the more advanced 
techniques such as recursion and list processing are clearly 
explained. An additional aid is the use of the same set of 
problems for each chapter (on language) within a major section. 
Some will complain about the lack of exercises for each chapter, 
but with the various illustrations, alternative problems should 
easily come to mind. 

The book is a good reference work, but it is IBM orientated, 
and the implementation for a language will vary from one 
vendor to the next. Therefore one must consult the system’s 
reference manual before using the language. I found the 
author's coverage of PL/I to be more than adequate and his 
section on PL/I use of based variables in list processing to be 
outstanding. I recommend the book as a text in a survey course 
on programming languages or as a reference work for the 
practicing programmer. 

William J. Marshall 
Chelmsford, Mass. - 

CREATIVE COMPUTING 

ы. 



Puzzles and Problems Юг Fun 
THE KEYRING PROBLEM 

Consider a keyring with 5 keys. Because of the 
structure of a keyring, each key is adjacent to 2 other 
keys. The problem is to engrave a number on each 
key so that the keying possesses the following 
property: 

For any number, n, between 1 and 21 inclusive, 
there exists an adjacent group of keys whose en- 
graved numbers sum to n. For example: If 1-2-4-x-x 
is part of the keyring, here are the possibilities: 

n keyring 

1 
2 
2+1 
4 

? 
4+2 
44+2+1 

Clearly, it is not possible to form a 5 with ad- 
jacent keys. Can you write a program to solve this 
problem in a reasonable amount of time? 

Rob Kobstad and Mike Lucey 
Notre Dame, IN 46556 

P.S. A Fortran solution on a GA 18/30 required less 
than 1 minute to compile/solve the problem. 
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COMPUTER 
RECREATIONS 

by D. Van Tassel 

Syntax Messages 

All programmers get tired of getting syntax error 
messages, but there is an interesting program to write 
where the goal is to get syntax error messages. Now any 
fool can get a lot of syntax messages (just forget to declare 
an array) but try to get the maximum number of different 
syntax error messages. To find out how many error 
messages are possible check your manuals for a complete 

listing of syntax error messages. 
In order to not make it too easy let's try to get as many 

different syntax messages with as few statements as 
possible. We can set up a ratio as follows: 

8 # of statements 
ratio = 

# of different error messages 

If you get a good solution send me the listing (but you must 
do the counting). If | get some real good solutions 1 will 
publish them in a later column. This problem is language 
dependent so | will try to publish solutions by language. 
(Send solutions to D. Van Tassel, Computer Center, Univ. of 
California, Santa Cruz, CA 95064). 
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THE FRIENDLY SKIES 

Every hour оп the hour a jet plane leaves New York for- 
Los Angeles and, at the same instant, one leaves Los 
Angeles for New York. If each trip lasts exactly five hours, 
how many planes from L. A. will each plane from N. Y. see 
(assuming good visibility, of course)? 

Thinkers' Corner 
by Layman E. Allen © 1975 

SET THEORY PUZZLES 

How many of the problems (a) through (f) below can . 

you solve by forming an expression that will name the 
number of cards in the universe that is listed as the 
GOAL? (Suppose that each letter and symbol below is 
imprinted on a disc.) 

The expression must use: 
(1) all of the discs in the REQUIRED column 
(2) as many of the discs in PERMITTED as you wish, 

and | 
(3) exactly one of the discs in RESOURCES 

A 

C C 
D 

3 4 5 6 

Examples: 
The expression A names 2 cards (2,6). 
The expression A’ (complement) names 4 cards 

(1,3,4,5). 
The expression BAD (intersection) names 2 cards 

(2,4). 
The expression BUD (union) names 5 cards (1,2,3,- 

4,5). 
The expression B-D (difference) names 1 card (1). 

Universe 

of 

Cards 

NIO wp 

RESOURCES 

ABCY - ' 
BDUA - ' 
BCUN - - 
CDDUN ' 
ABC DN - 
BCDUN - 

Problem GOAL REQUIRED PERMITTED 

(a) U ACDU 
(b) B CDU 
(c) CU ABDA 
(d) C- BCUN 
(e) An' BCUA 
(f) BD - ADU - 
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(ld Jime Problems 

Here are several problems from two arithmetic 
textbooks from around the turn of the century, 
i.e., around 1800! One is Schoolmaster's Assistant 
by Nathan Daboll, and the other is An 
Introduction to Arithmetic by Erastus Root, 1796. 
Naturally, there were no computers, calculators, or · 
slide rules in those days, yet consider the fact that 
these problems do not “come out even" and 
require a great deal of tedious hand calculation. 
Try them by hand and then write short programs 
to solve them. Which do you like best? 

Gra NY Se 
е ММ ome] 

S у 4 \ 

d ̂" 
po 1 || 2 

ed TT | ү! 
a Ii | 

А sf 

x il 

1. An ignorant fop wanting to purchase an 
elegant house, a facetious gentleman told him 
he had one which he would sell him on these 
moderate terms, viz. that he should give him a 
penny for the first door, 2¢ for the second, 44 
for the third, and so on, doubling at every 
door, which were 36 in all. It is a bargain, cried 
the simpleton, and here is a dollar to bind it. 
Pray, what would the house have cost him? 
(Can you solve this problem with a 4-line 
BASIC program?) 

2. What is the difference between six dozen 

dozen and half a dozen dozen? 

3. Divide 4% gallons of brandy equally among 
144 soldiers. 

4. How much shalloon that is 3/5 yard wide, will 
line 5% yards of camblet which is 1% yard 
wide? 

The Little Pigsby Farm Puzzle 
The farm known as Little Pigsby has been in the 

possession of the Dunk Family for several centuries. One of 
the fields of this farm is rectangular and is known as Dog's 
Mead. Below are a number of clues to figures relating to the 
property which must be written in the appropriate places in 
the framework. When completed “2 down” will give the 
square of the age of Mrs. Gooby, Farmer Dunk s mother- 
in-law. | 

CLUES 
The year of the puzzle is 1939. 
4840 sq. yds. equal 1 acre. 
4 roods equal 1 acre. 

20 shillings equal 1 pound sterling. 

ACROSS 
1. Area of Dog s Mead in square yards. 
b. Age of Farmer Dunk's daughter Martha. 
6. Difference in yds. between length and breadth of Dog's 

Mead. 
No. of roods in Dog' s Mead times (X) “8 down." 
Year when Little Pigsby came into possession of the 
Dunks. 

10. Farmer Dunk's age. 
11. Year of birth of Mary, Farmer Dunk's youngest child. 
14. Perimeter in yds. of Dog s Mead. 
15. Cube of Farmer Dunk’ s walking speed in M.P.H. 
16. “15 across’ minus (—) "9 down.” 

eo 

DOWN 
. Value in shillings per acre of Dog's Mead. 
. Age of Mary. 

. Value of Dog's Mead in pounds sterling. 

. Age of Farmer Dunk's first born, Ted, who was twice 
as old as Mary in 1935. 

. Square of the no. of yds. in breadth of Dog's Mead. 
No. of minutes it takes Farmer Dunk to walk one and 
1/3 times around Dog's Mead. 

9. See "10 down." 
0. "10 across" times (X) “9 down." 

12. One more than the sum of the digits in “10 down." 
13. Length of tenure in years of Little Pigsby by the 

Dunks. 

о De U = 

со ч 

CREATIVE COMPUTING 



Music 
More 

Musie 
by 380 PRINT ^27"F025009'5; 3 

E SO PRIN TE КБш eU Spa CRI SANE 2 UZA D) TATE АНЛЫ АШКЕ МЕЕ A ур АРИС) 

J. Quentin Kuyper "7/3478^21" A) "^ 34! ) 73478787 2] AN 734 | | 
400 PRINT ОСО (песни Лама "4 347 87 BlizuvBege ONC pos c nose 

Language: HP 2000/Access BASIC (OA) "22]7UAU 2270 CU ^27" Cx" ^87 1 071 ON x 1734 3 
с 410. GOTO T ОЕ 730,710 

Restrictions: 490 PRINCE QS MOK: AN flip the magic Corn: 7 27" 

1) Requires a CRT terminal with cursor addressing capabili- Nr cu асо 
9 Я 

ty. 450-« DATA 21. 109092 49,3. 19,5 L7, ТЕТО ОЪ E544 sot 4q 5541 451951 St Loses 

2) ‘ESCAPE’ sequences for cursor addressing and reverse hon cn 2 p an 30d 
-video are written for use on a SUPERBEE terminal. In order 470 PRINT USING 4803NI,N2 

А : 4307 IMAGEZ,U S. EU Sd,.od 
for this program to be usable on other terminals, these 490 Jaja] e? | 
sequences must be rewritten to the specifications of those RUE ж e 3 
terminals. 520 FOR T=! TO 9 А, 

Y А ` : = : Буз. РЕМ CS TEE SET Ор; | 
USE:This program prints а 5-line musical staff with either 540 NEXT T - | 

. Р 

treble or bass clef sign. A note chosen by the BASIC ОЕР 
language RND function is printed on this staff апа the 570 PRINT CS{1,5] 
student is asked to type its letter name. When the correct с ae 
answer is given, the note is erased and a new note is 900 PRIIT oon Ba E T ITEN 

: 2 С А 610 T=INTIC(RND(1)*2)+1 
printed. No ledger lines are used. A note is never used twice 620 ENTER. 1.25.75 
in a row. A tally is kept of the number of correct responses e Aur e ; 
and this is reported to the student upon completion of 50 650 GOTO 670 
: А 660-5. SSS ЈЫН BASOA 

items. The student may cause the program to skip to the end 670 PRINT "  Its";S$[1,6];"! We71l do"sS$l7]s"clef this time.";727"K" 
at any time by typing the word ‘stop’. 680 ENTER 3,Z5,Z5 

9690 PRINT OS 3427 шки 

700 GOTO 320 
710 TS$="BAGFEDCBAGE" 

2720. СОТО 140 а 
130. TS="GREDCBAGEED" 
(AO 2 OS SUD 

ТАО) Meus 

760 N5=N4=0 
10 REM MUSIC READING SKILLS PROGRAM ПТО ЕЕ БИ RHEN 090 
20 НЕМ Written by J. Quentin Kuyper 780 N2=11-CINTCRND(1)*11)) 
30 REM Iowa City, Тома 790 IF N2=N3 THEN 780 
40 REM September 1O, 1976 800 N3=N2 

50 REM S10, PRIN 051МС 6205740202. 65 
60 PRINT "This program helps you to practice the spelling of notes in'".820 IMAGE #, ч, "Е", За, За,а 
ТО PRINT "your choice of either treble or bass clef." 830 IF Nb=1 THEN 740 
SO. PRINT EINS HERE ARE THE DIRECTIONS =" 840 PRINT P$3^27"J'; 
90 PRINT " 1) When you get a ^?^,:type the letter name of the note pri 850 INPUT BS 

nted on the staff." ) 860 BS=UPSS(BS$) 

100 PRINT " 2) Use either upper or lower case letters." STO ПЕ Ве ат ори ЦЕ N «1090 
ТОЗ РЕТИ Е ЭУ» If you give пру буре 4997 0 17411 tell you the answer." 880 Ir Вѕ#"99" THEN 940 

120 PRINT " 4) There are 50 questions per session." 890 N4=1 
ЗО PRINT c" 5) If you want to quit before that, type ^stop*.' 900 ж PRINT Q$3727" J 3Pss"That one i$ ":TSLN2,N27 

ГОЗ PRINT LINCIOSUEIT RETURN when you- are ready to start." 910 PRINT 710$SPA(20)$"Hit RETURN when you are ready to continue."3 
L50- ENTER 255.29; A2 ОРО ENTERT 255r Z5; 29 
100 PRINT 2ТЕ 930 GOTO 1030 

Ios ВТМ ОБИ РЕШ ЗБ Coho es Е ЛЕ o5 940 IF BS=TS[N2,N2] THEN 990 

180  D=J=N3=I1=R=0 950 .PRINT SPA(40)3"Wrong. Try again.  —-»''; 
ГОО oou NS ZEN 960 N4=N4+1 

200 PS$=727"F04001 3" 970 IF N4>8 THEN 900 

О = OS=— Zo 7 WE OOOO 31! 980 GOTO 850 

220 PRINT 990 PRINT? S372 7"= 2 Correo mic. st» ats остер 
230 PRINT 5РА(23) 3" ---------------------------- ае LO00=-ENTER Z5 25 = 

240 р=р+1 1010 IF N4#0 THEN 1030 

@ ОО, ПЕ DKS RAEN: 239 1020 R=R+1 

260 PRINT LIN(2)$"Which clef would you prefer to start with?" 1030 IF N2/2=INT(N2/2) THEN 1060 
2o PRENE он а е евна ете" bod бе = M 

280) ерү зен ср ууа сс ете" ОБО GOTO 1070 
290: RRINE 3) 56. cloesn“t matter Co mes 1060 OS = VEN 
300 PRINT "(Please type the number of your choice)"; 1070 N5=1 
ЭТО SENEER S99 ДБ T. 1080 GOTO 810 

320 GOTO T OF 330,380,420 1090 IF N4=0 THEN 1110 
Soo PRINT EIN SP OOIb2IMS 100 GOTO! 1120 
S49 = PRENE USEN UU ш ба ШУ Mg ОЗ ОТИВА ОАА IMs le ЗДУ О WANNA OS lO = 

FSF OY WA MADE UAE oy tA о В) О у 91 Ї ПОО PRIN O53 42 74 уои сов чоп ӨШ Гл еше correct." 
350 PRINT USING "#,3("^/34/8^87]0"/"^34"),и^34^878710"("^8/10"("^1о"\" 1130 IF I=50 AND R/I=1 THEN 1160 

^ 10"N, 1 78727" A31734 1140 PRINT "Practice makes perfect!" 
360 PRINT USING ^34 2/27" ANZ BM PZ DTM A Ws 8B! W787 81-12 BZ BNU B27 зг BUN soz ан ] 1 50 GOTO 1 170 

,UAIO^BI 3971 0N\_ 70234 1160 PRINT ^27" 2 Very Good! "^27" 3" 
370 GOTO 410 1170 END 
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Kurt Inman 
This is a number guessing game for the Altair 8800 (or 
other 8080 based machine). When you guess the right 
number, the Altair plays the song “DAISY” over the radio. 
It requires no connections between the computer and the 
radio. This program is written in machine language for the 
Altair 8800 with 256 words of memory. 

OPERATING INSTRUCTIONS 

1. Deposit the number to be guessed in address 002. 
2. Deposit your guess in address 1000. 
3. Place radio ontop of the Altair and tune it to 550-700 KC 

and turn it on. 
4. Hit ‘RUN’. If computer plays “DAISY,” then you have 

guessed the number. Rotate the radio to find best 
reception. If INTE light comes on, hit STOP and 
examine address 047. If all lights go on then your guess 
was too big. If noneofthe lights goonthen your guess 
was too small. Go back to step 2 until you guess the 
right number. | 

Kurt Inman can be found at 350 Nelson Road, Scotts Valley, CA 
95066. This program originally appeared in PCC (Vol. 5, No. 1), 
P.O. Box 310, Menlo Park, CA 94025. 
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Musical Number Guessing Game 

Code for 8080 Systems. Data for “Daisy” 

ADDRESS MNEMONIC CODE EXPLANATION Address Data Address per 

К. : 110 034 170 40 
000 LXI H 041 a to be guessed into 111 034 171 042 

001 b2 000 112 034 1 72 046 

Ds ud () 113 042 173 034 

003 LDA 072 Load guess into accumulator from Т2 9 De O 115 042 175 042 
address 1000 

004 b2 000 116 053 176 046 

005 b3 001 117 053 177 053 

006 MOV B,A 107 Move accumulator to register B 

007 SUB H 224 Subtract register H from accum. s = x URS 

010 JZ 312 Jump if above result = O to address 030 
011 = 030 122 071 202 053 

d ш Es 25 
13 P 362 Jump to address 023 if result is 

: : елт than zero. о A О 
A b2 023 126 053 206 053 

127 063 - 207 063 
015 ЫЗ 000 
016 MVIA 076 E eee in next line into the 130 063 210 063 

Se bo 000 131 053 211 053 

132 071 212 063 
020 JMP 303 Jump to address 036 133 071 213 -071 

021 b2 036 134 071 214 071 
022 b3 2 | c 135 071 215 071 
023 MVI A 076 s the pt in the next line into 136 071 216 071 

e accumulator do B АЛ 137 071 217 071 

025 ШИР = 303 Jump to address 036 140 046 220 053 

026 b2 036 141 046 221 053 
027 b3 000 ; 142 046 222 042 
030 CALL 315 Go to 'DAISY' subroutine 143 034 223 046 

031 b2 050 144 034 224 046 
032 b3 000 145 034 225 . 071 
033 JMP 303 Jump to address 041 146 042 226 053 

034 b2 041 147. 042  - 227 053 
035 b3 000 
036 STA 062 Store accumulator (answer) in 047 150 042 230 042 

. 037 b2 047 151 053 231 046 
040 b3 000 | 152 053 232 042 
041 EI 373 Turn INTE light on : 153 053 233 040 

042 JMP 303 Jump to address 041 К 154 063 234 034 

043 b2 041 155 055 235 042 

Du US Don : 156 053 236 053 
050 LXI H 041 Load address of first music data entry 157 046 237 046 

051 b2 110 | 

052 b3 000 160 046 240 046 
053 MOV A,M 176 The following lines (053-247) make 161. 049  — 241 071 

the music 162 046 242 053 

054 СР! 376 163 046 243 053 
055 b2 377 | 164 046 244 053 

056 JZ 312 165 046 245 053 

057 b2 050 166 046 246 002 

060 b3 000 167 042 247 377 

061 MVI D 026 

062 b2 040 

063 DCR B 005 

064 JNZ 302 

065 b2 070 

066 b3 000 

067 MOV B,M 106 

070 DCR C 015 

071 JNZ 302 

072 b2 063 

073 b3 000 Special M. Plays 
074 DCR D 025 m 97 N Sings 
075 JNZ 302 mw 
076 b2 063 

077 b3 000 

100 INRL 054 

101 JMP 303 

e = nos а HIS MASTER'S VOICE ” 
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Seales 
All you've ever wanted to see (if its 11) and 
didn't have a program to ask for... 

by 
Marvin S. Thostenson 

Language: HP 2000/Access BASIC 

To practice spelling and observe the differences among 

the scales, use this program. It generates 11 types of scales: 
major, natural minor, harmonic minor, Hungarian minor, 
dorian, phygian, lydian, mixolydian, locrian, and whole 
tone. | 

When you run this program, you will be asked, "Which 
type of scale is wanted?" Respond by typing the first two 
letters of the name of the desired scale followed immediate- 
ly by the desired key. Use a lower case (b for the flat and use 
'H' for the sharp. Sample in puts would be phe for phrygian 
starting on E, maf # for major on F-sharp, апа whg for whole 
tone on G. i 

The Author, Marvin S. Thostenson, is at the School of 

Music, University of lowa, lowa City, lowa $2242 

ELEVEN SCALE TYPES —— MAJOR, MINOR, MODAL, AND WHOLE TONE 

This program prints in letter names, one octave upward, the major, 
and Hungarian minors, the 

and locrian modes, 
melodic, 

mixolydian, 
the natural, harmonic, 
dorian, phrygian, lydian, 
the whole tone scales. 

and 

Use a 3- or 4-character inputs the first 2 char’s are the scale 
type, and the 3rd char’r is the single letter tonic, or the 

last two char^s are the tonic degree or the key signature. 

SCALE TYPES-- ma na ha me do ph ly mi lo hu and wh 
Input either a tonic or a signature. 
EXAMPLES: macb lydb mieb whgb naf# hag# mea# loc# doc phd hue 

WHICH TYPE OF SCALE IS WANTED? Sample Run 
?2madb 

SCALE ASKED -------- Major scale on Db 

ANSWER (in letter names) —-—--------- 

Bb: ЕБЕ ББ САБ ВЕ Е Db 

WHICH TYPE OF SCALE IS WANTED? 

?nae 

SCALE ASKED -------- Nat^l minor scale оп E 

ANSWER (in letter names) 

WHICH TYPE OF SCALE IS WANTED? 
?Һа2# 

SCALE ASKED -------- Harm^c minor scale on B 

ANSWER (in letter names) 

B Qui E Е# G 

WHICH TYPE OF SCALE IS WANTED? 

2doeb 

SCALE ASKED -------- Dorian mode on Eb 

ANSWER (in letter names) 

Boc GON TAO T BDE ШЫК ЕЕЕ 

10 

20 
30 
60 
70 
130 
133 
134 

140 
200 
210 
220 
225 
227 
229 
230 
232 
234 
240 
250 
260 
270 
280 
290 
300 
310 
320 
339 
340 
350 
360 
S10 
380 
390 
400 
410 

420 
430 

440 
450 
460 
479 
480 
490 

500 
510 
520 
530 
540 
550 
560 

570 
580 
590 
600 
610 
620 
630 

640 
650 
660 
670 
680 

690 

700 

710 

720 
730 
740 
750 
760 

7/0 
780 
790 
800 

810 
820 
830 
840 
850 

860 

870 
880 
890 
900 

910 
920 

930 
940 
950 

960 

970 
980 
990 

1000 
1010 

1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 

1110 
1120 
1130 

1140 
181519) 
1160 
1170 
1180 

1190 
1200 
1210 
1220 
1230 
1240 
172510) 

1250 
1270 
1280 

1290 
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REM ж+х GENERATOR PROGRAM FOR ELEVEN TYPES OF SCALES ж+ж 
REM Written by Marvin S. Thostenson, Assoc. Prof., School 

4EM of Music, University of Iowa, Iowa City, Iowa 52242. 
DIM ASLIOJ,BSE5OIT,CS$E 5017, DS L65], ESEG5] 
DIM Es moss) asses ood E] Program Listing 
DIM eS P407 КЫ Аб IS p5oJg ЕК АӨ, 09.40 E 
IDE BFS E093 О ШОШ DIST VOI ЕТ КОЛТО ES E TH 
ИО ТОТИ ТО ISTO AOS rOl BOS 6201, 099039 
A=B=C=D=E=!1=K=L=M=N=0=P=Q=R=T=U=V=X=Y=Z=0 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

"ELEVEN SCALE TYPES -= MAJOR, MINOR, MODAL, AND WHOLE TONE"$LIN(1) 
"This program prints in letter names, one octave upward, the major," 
"the natural, harmonic, melodic, and Hungarian minors, the" х 
"dorian, phrygian, lydian, mixolydian, апа locrian modes, апа" 
"the whole tone scales."3LIN(1) 
"Use a 3- or 4-character input; the first 2 char^s are the scale" 
"type, and the 3rd char’r is the single letter tonic, or the" 
"last two char^s are the tonic degree or the key signature." 

PRINT "SCALE TYPES-- ma na ha me do ph ly mi lo hu and wh" 
PRINT "Input either a tonic or a signature." 
PRINT "EXAMPLES: macb lydb mieb whgb naf£ hag# mea# loc£ doc phd hue" 
BS="SCALE ASKED -------- Ш 
CS="ANSWER (іп letter names) 
OSLT1,14]1-" STRUCTURE ---- " 
К$=" tetrachords" 
U=] 

PRINT ТАВ(8) LIN(2), "WHICH TYPE OF SCALE IS WANTED?" 
INPUT A$ : 
N=LEN(A$) 
Ir A$z'"stop'" THEN 1290 
ESz'nanahamedophlymilohuwh'" 
FOX Х=1 TO 22 STEP 2 
IF ASL1,2J]ESIX,X*11 THEN 400 
NEXT X | 
Q=(X+1 )/2 
АО$=А$ 

AOSC1,1J=UPS$(AOSL[1,11) 
READ DS 
AOS=A$ 

AOS(1,1]=UPSS(AOS[1,1]) 
IF D$L1,21-A0$[1,21 THEN 480 
GOTO 430 
J$=Ds 
RESTORE 
Ir N=3 THEN 520 
GOTO 530 

AS[4,4]z" " 
IF Q=1 OR Q=7 OR Q=8 OR О=11 THEN 550 
IF Q >= 2 AND Q <= б OR Q=9 OR Q=10 THEN 570 
Y=! 
GOTO 580 
Y=2 
FS="bxexaxdxgxcxfxb#e#a#d#g#c#f#b e а а д c f bbebabdbgbcbfbbdedadddgdcd" 
GS$="Bxe xAxDxGxCxFxXB#E#A#D#G#CHF#B E A D С C Е BbEbAbDbGbCbFbBdEdAdDdGdCd" 
GOTO Y OF 610,630 
HSS"5t4t3t2tlt7x6x5x4x3x2x1x7#6#5#4 #34241 #041 b2b3b4b5b46b7b1 d2d3d4d5d6d7d" 
GOTO 640 
HS="2t1t7x6x5x4x3x2x 1 x7#6#5#4#3#2#1 40#1 D2b3b4b5b6b7b1d2d3d4d5d45d7d8d9d " 
FOR Va] TO 68 STEP 2 
IF A$€3,4]=FSCV,V+1] THEN 680 
IF.AS[3,41]1-HS$LV,.V*11 THEN 680 
NEXT V 
CIS=GSIV,V+1] 

T=T+1 
IF T=9 THEN 1160 
GOTO T OF 720,740,790, 840,890, 940, 990,1040 
В=0 
GOTO 1060 

Ir Q=6 OR 
R=-4 

GOTO 1060 

R=10 
GOTO 1060 

IF О=1 OR 
R=6 

GOTO 1060 
R==8 
GOTO 1060 
IF Q=7 OR 
В=2 

GOTO 1060 
В=-12 
GOTO 060 
ГЕ O=9 00 а= 
R=-2 
GOTO 1060 
R=12 
GOTO 1060 

IF Qs1 OR 
R=3 
GOTO 1060 
R=-6 
GOTO 1060 
Ir Q=1 OR 
R=4 
GOTO 1060 

В=-10 
GOTO 1060 

k=0 
GOTO 1060 

Ir Q=11 AND T=5 THEN 1090 
ISCU,U+1 J=GSCV+R,V+R+1 ] 
GOTO 1100 
GOTO 690 
Is(U+2,U+3]=" " 
PE PERPE] Ec ан ЕЕ 
GOTO 1140 
Го ПОР 0:62] 5" bp 
U=U+4 
GOTO 690 

PRINT LINC) ,TAB(C3) ,BSsJS3CissLING ) 
PRINT TAB(3.) $CS$LIN(1) 
PRINT LIN(123TAB(8)3IS 

Q=9 THEN 770 

Q=7 OR Q=8 OR Q=11 THEN 820 

O=10 OR Q=11 THEN 870 

THEN 920 

Q=4 OR Q=5 OR Q=7 OR Q=8 THEN 970 

Q=3 OR Q=4 OR Q=7 OR Q=10 THEN 1020 

1130 

СІ $="" 

І%="" 

Gs zu" 

Q=T=R=0 
PRINT 
GOTO 310 
DATA "Major scale on ",'"Nat^l minor scale on '","Harm^c minor scale on " 
DATA "Mel^c minor scale on ","Dorian mode on ","Phrygian mode on " 
DATA "Lydian mode on ","Mixolydian mode on ",'Locrian mode on " 
DATA "Hung^n minor scale on ","Whole tone scale on " 
END 
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ә 101 BASIC Computer Games is the most popular 

0 book of computer games in the world. Every pro- 

gram in the book has been thoroughly tested and 

appears with a complete listing, sample run, and de- 

0 scriptive write-up. All you need add is a BASIC- 

Computer Mart 
Vow York 

New York City & Long Island 

Computer leasing available. 

IMSAI, SWTPCo, Digital Group 

Processor Tech, Apple, OSI 

TDL-Z-80, Seals, Cromemco, 

Veras, Tarbell, Oliver 

Magazines, books, chips, 
sockets, connectors, terminals. 

IT'S ALL HERE WAITING FOR YOU 

FRIENDLY ADVICE TOO 

New York City 

314 5th Ave. 

(32nd St) 
New York 10001 

212—279-1048 

(Tues. thru Sat.) 

Long Island 

2072 Front St 

East Meadow NY 

516—794-0510 

(Mon. thru Sat.) 

S рак | 
KOMPUTERY 

eames | “д 
N Edited by David H. Аһ! 

Y 

^ speaking computer and you're set to go. 

MAR/APR 1977 

101 BASIC Computer Games. Edited by David H. 

О) АҺ. 248 pages. 8%х11 paperbound. $7.50 plus 75€ 
2 postage and handling ($8.25 total) from Creative 

€ Computing, Р.О. Box 789-M, Morristown, NJ 07960. 
Individual orders must be prepaid. 
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Game 

ACEYDU 
AMAZIN 
ANIMAL 

AWARI 
BAGLES 
BANNER 
BASBAL 
BASKET 
BATNUM 

BATTLE 

BINGO 

BLKJAC 

BLKJAK 
BOAT 
BOMBER 
BOUNCE 
BOWL 
BOXING 
BUG 
BULCOW 

BULEYE 
BULL 

BUNNY 
BUZZWD 

CALNDR 
CAN-AM 

CHANGE 
CHECKR 
CHEMST 

CHIEF 

CHOMP 

CIVILW 
CRAPS 
CUBE 

DIAMND 
DICE 
DIGITS 

DOGS 
EVEN 

EVEN! 

FIPFOP 

FOCTBL 
FOTBAL 
FURS 
GOLF 
GOMOKO 
GUESS 

GUNNER 
GUNER1 
HANG 
HELLO 

HEX 

NAP TTET PLETE ST ESTE E HERE IEEE 

personal service. 

THE 

ITS A GREAT BIG COMPUTER WORLD 
But You Only Need 

COMPUTER CORNER 

€ SOL — A New Dawn Із Неге! 
€ IMSA! 8080 
ePOLY — 88 

e TDL Z-80 
ө Memories & |/O Boards 

ө Computer Book Service 
ө Magnetic Tapes & Disks 

e Full Line of Magazines 
e Brain Games & Puzzles 

e Workshops & Club Information 

Visit THE COMPUTER CORNER for all your 
computer needs. Stop in and browse — you'll like our 

THE COMPUTER CORNER 
White Plains Mall — Upper Level 

200 Hamilton Avenue 

White Plains, New York 10601 

Tel: (914) WHY - DATA 

Ample Parking 
10-6 Daily & Saturday 

10-9 Thureday e 
EAR EE EE ER 

Brief Description 

Play acey-ducey with the computer 

Computer constructs a maze 
Computer guesses animals and learns new 

ones from you 

Ancient game of rotating beans in pits 
Guess a mystery 3-digit number by logic 

Prints any message on a large banner 

Baseball game 

Basketball game 
Match wits in a battle of numbers vs 

the computer 

Decode a matrix to locate enemy 

battleship 
Computer prints your card and calls 

the numbers 

Blackjack (very comprehensive), Las 

Vegas rules 
Blackjack (standard game) 
Destroy a gunboat from your submarine 

Fly World War Il bombing missions 

Plot a bouncing ball 

Bowling at the neighborhood lanes 
3-round Olympic boxing match 

Roll dice vs. the computer to draw a bug 

Guess a mystery 5-digit number vs 

the computer 

Throw darts 
You're the matador in a championship 

bullfight 
Computer drawing of the Playboy bunny 
Compose your speeches with the latest 

buzzwords 
Calendar for any year 

Drive a Group 7 car in a Can-Am road race 

Computer imitates a cashier 
Game of checkers 
Dilute kryptocyanic acid to make it 

harmless 
Silly arithmetic drill 

Eat a cookie avoiding the poison piece 

(2 or more players) 
Fight the Civil War 

Play craps (dice), Las Vegas style 

Negotiate a 3-D cube avoiding hidden 

landmines 
Prints 1-page diamond patterns 

Summarizes dice rolls 
Computer tries to guess digits you 

select at random 

Penny arcade dog race 
Take objects from a pile — try to end with 

an even number 
Same as EVEN — computer improves 

its play 
Solitaire logic game — change a row 

of Xs to Os 
Professional football (very comprehensive) 

High School football 
Trade furs with the white man 
Golf дате choose your clubs and swing 

Ancient board game of logic and strategy 
Guess a mystery number — computer 

gives you clues 
Fire а cannon at a stationary target 
Fire a cannon at a moving target 
Hangman word guessing game 
Cemputer becomes your friendly 

psychiatrist 

Hexapawn game 

HILO 
Hi-Q 
HMRABI 
HOCKEY 
HORSES 
HURKLE 
KINEMA 
KING 
LETTER 

LIFE 
LIFE-2 

LITQZ 
MATHO! 

MNOPLY 
MUGWMP 

NICOMA 
NIM 
NUMBER 

1СНЕСК 

ORBIT 

PIZZA 
POETRY 

POET 
POKER 
QUBIC 
QUEEN 

REVRSE 
ROCKET 
ROCKT! 
ROCKT 2 
ROCKSP 
ROULET 

` RUSROU 
SALVO 
SALVO1 
SLOTS 
SNOOPY 
SPACWR 
SPLAT 

STARS 

STOCK 
SYNONM 
TARGET 

30 PLOT 

TICTAC 
TOWER 
TRAIN 
TRAP 

23MTCH 

UGLY 
WAR 
WAR-2 
WEKDAY 
WORD 
YAHTZE 
200Р 

ААВВ 

Try to hit the mystery jackpot 
Try to remove all the pegs trom a board 

Govern the ancient city-state of Sumeria 

Ice Hockey vs. Cornell 
Off-track betting on a horse race 
Find the Hurkle hiding on a 10 x 10 grid 
Drill in simple kinematics 
Govern a modern island kingdom wisely 

Guess a mystery letter — computer 

gives you clues 

John Conway's Game of Life 
Competitive game of life (2 or more 

players) 

Children's literature quiz 
Children's arithmetic drill using 

pictures of dice 

Monopoly for 2 players 
Locate 4 Mugwumps hiding on a 10 x 10 

grid 
Computer guesses number you think of 
Chinese game of Nim 
Silly number matching game 

Challenging game to remove checkers 
from a board 

Destroy an orbiting germ-laiden enemy 

spaceship 

Deliver pizzas successfully 
Computer composes poetry in 4-part 

harmony 

Computer composes random poetry 
Poker game 
3-dimensional tic-tac-toe 
Move a single chess queen vs. the 

computer 
Order a series of numbers by reversing 
Land an Apollo capsule on the moon 
Lunar landing from 500 feet (with plot) 
Very comprehensive lunar landing 

Game of rock, scissors, paper 
European roulette table 

Russian roulette 
Destroy an enemy fleet of ships 

Destroy 4 enemy outposts 
Slot machine (one-arm bandit) 
Pictures of Snoopy 
Comprehensive game of spacewar 
Open a parachute af the last possible 

moment 
Guess a mystery number — stars give 

you clues 

Stock market simulation 
Word synonym drill 
Destroy a target in 3-D space— 

very tricky 
Plots families of curves — looks 3- 

dimensional 

Tic-tac-toe 
Towers of Hanoi puzzle 
Time-speed-distance quiz 
Trap a mystery number — computer gives 

you clues 
Game of 23 matches — try not to take 

the last one 
Silly profile plot of an ugly woman 

Card game of war 
Troop tactics in war 

Facts about your birthday 

Word guessing game 

Dice game of Yahtzee 
BASIC programmer s nightmare 



by 
J. Quentin Kuyper 

Language: HP 2000/Access BASIC 
Restrictions: None; usable on all CRT's and TTY's. 

Use: Practice in naming key signatures. The computer 
names a key (such as F# minor — chosen by the BASIC 
language RND function) and the student is asked to respond 
with the correct key signature for that key. Since a 
knowledge of key signatures, in order to be useful, must be 
almost immediate, the program keeps track of how much 
time the student requires to complete 20 items. This datum, 
along with the number of correctly answered items, is 
reported to the student upon completion of the program. 

190 
200 
alo 
220 
230 
240 
250 
260 
270 
230 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 

KEM KEY SIGNATURE DRILL PROGRAM 
REM 
REM Written by J. Quentin Kuyper 
REM Iowa City, Iowa 
REM September 10, 1976 
REM 

Program Listing 

PRINT LIN(2);"This session is designed to help you improve your kn 
owledge" 

PRINT "of KEY SIGnatures. Good luck!"3LIN(2) 
PRINT "HERE ARE THE DIRECTIONS:"3LIN(1) 
PRINT " 1) I will print a key, such as Db minor." 
PRINT " 2) You will respond by typing one number and a symbol" 
PRINT " representing the correct key signature." 
PRINT " 3) Use ^£4 for a sharp sign and ^b^ (lower case B) for a 
ilat sign," : 
PRINT " (For example, some answers might be 3b, 5#, or Ob.)" 
PRINT " 4) If you give ир on a question, type ^99^ and I^1ll tell 
you the answer." 
PRINT " 5) We normally do 20 items and then stop. 
quit! 
PRINT Y 

If you want to 

before you have done all 20, type the word ^stop^. " 
PRINT LIN(C1)$"Hit the RETURN button when you are ready to start." 
sLIN(1) 
ENTER 255; 25,25 
Tl=T2=T3=T4=T5=T6=M1 =НІ=0 
T4=TIM(4) 
T2=TIM(O)*60 
TI=TIMC1)*3600 
IF Тб=1 THEN 280 
T5=T4+T2+T | 
Тб=1 
GOTO 360 

IF (Т1+Т2+Т4) >= I5 THEN 300 
Т1=Т1+86400. 
T3=(T4+T2+T1 )-T5 
НІ=ІМТ (13/3600) 
T32T3- (H1 +3600) 
MISINT(TI3/60) 
T3=T3-(M1*60) 
GOTO 1160 
DIM>MC18,21,7TS(71,CS(361,AS(5] DSE] 
І=Н=В=С=Ү1=0 
В=8 
51=0 
W-O 
Н=Н+1 
[БЕН >2 FHEN 550 
N=W+ | 

114 

COOLS OS 

Sharps & Flats 

IF W»18 THEN 530 
[ЕЕ О = THENE 480 
B=B-1 
GOTO 490 

B=B+] 
MCW,HJ=B 
IF B40 THEN 430 

© [=] 
GOTO 430 

BzB-*l 
GOTO 390 
K=K2=K4=K5=0 
Ds="123456789" 
CS="CbGbDbAbEbBbF С GD A E B F#C#G#D#A#" 

Tss“ Majors"! 
<=INTCRND(1)*2)+1 

[=I +1 
PRINT І; 
КЗ=К4=Кб=0 
K2=INTCRND(1)*15) 
Ee K2=V HEN 630 
IF K240 THEN 670 
K2=15 
М2, 
Ie K=! THEN 710 
K2=K2+3 
quet MEE OT 2 
K5z5x*(C(I/5)-INT(CIZ/5)) 
GOTO. K5-*1- OF 810, 730, 7504.10, 790 
PRINT "What is the key signature of "$ 
GOTO 820 

PRINT "How about "3 
GOTO 820 
PRINT “Try "3 
GOTO 820 
PRINT "The next one is "; 
GOTO 820 

PRINT "And now "3 
PRINT C$[2x*xK2-1,2*K21]3TS$ 
INPUT А$ 
IF Кб=1 THEN 910 
IF К=1 THEN 870 
K323 
IF K2-K3«9 THEN 900 
BS$z"g 

GOTO-9 10 
B$=" p" 

IF AS="Stop™ THEN 1030 
IF AS="99" THEN 1040 
IF MCK2,K]#0 THEN 960 
ТЕ ASCI, енн THEN 9809 
GOTO 1130 
IF ASCI,1J4DSEMEK2,K ], MLK2,K11 THEN 1130 
IF A$[2,21#B$ THEN 1130 
PRINT "Correct!" 
IF Кб=1 THEN ТОГО 
С=С+1 : 
ГЕ De20 THEN 580 
GOTO 210 

K4-1 
IF MEK2,K140 THEN 1070 
PRINT "You should know that one. It is Ob and Of." 

GOTO 1080 
PRINT "The correct answer to that one is "DS$LMEIK2,KJ,MLK2,K1135BS$ 

IF K4=0 THEN 580 
ГЕ K6-l- THEN ТО 
І=1-1 
GOTO 210 

GOTO 1010 
PRINT "Wrong! Try again or type “997 
Кб= | : 
GOTO 830 
PRINT "You got"$C3"out of the “sl3"items you tried correct on th 

e first try. 4LIN(2) 
PRINT "It took you"; 
IF-Hizo THEN: 1200 
PRINT HI $"hours,"3 
IF MIO THEN 1230 
PRINT Ml $'"minutes,"s; 
PRINT " апа"; : 
PRINT T33"seconds to do"s;Is"items," 
END 

CREATIVE COMPUTING 



ет сз AND BUS STRIPS 

ME Prototype Design Equipment 

Advanced Microcomputer Products Presents 
PROTO-BOARD 100 шт 

le bass 
ї hardware. Ten minute assemb! 

LX we раі D шамы ТЗ Бон У 
СС Rode! РВ-100 00 —Сотрієве. List Price........ $18.06 

projecta. Size: 5. 
Excollen' 

1x 4.8" w. x 14" h. 
CSC Medel РВ-101 Brosdbeard — 

1 9 oss. 
Complete. List "Price $20.06 

PROTO-BOARDP 102 
breadboard contains two QT-478 sockets, three 

Complete. List Price. $39.98 

070-8039 103 

LOGIC PROSE LP-1 A 8 
2N930 
2N2222A 
2N2219A 

2N2907A 
2N3392 
2N3414 
2N3563 
2N3565 
2N3638 
2N3640 
2N3646 

TRANSISTORS 

NPN High Frequency 

NPN Low Level Low Noise 

NPN General Purpose 

NPN General Purpose 
ыы PROTO-BOARD 101 A PN High Speed Switch Universa! breadboard! system, eli eliminates EX uci) iron. deus оша cwo QT 388 n Rid 2N2369. N N Hig Speed Swi 

inta, four QT-35B bus strips mounted on metal ground/base 2N2905A PNP Smalt Sig. General Purpose 
qe with non-marring feet. t for audio and sinal d PNP General Purpose 

NPN Small Signal С:Р. 

NPN Gen. Purpose Switch ` 
NPN Small Signal HF 

NPN Low Level High Gain 

PNP Sm. Sig. GP Amp. 

PNP Hi Speed Sat. Switch 

NPN Hi Speed Sat. Switch 
assembied breadboard contains three -508 sockets, f: 

ат. УВ and one QT-47B bus s ара, four way binding posts 2N3904 NPN Sm. Sig. GP Amp. 
on a metal und /| райана n-marring eet. В calou- A compact, versatile design and test tool for digita! applications. 2N3906 PNP Sm Sig. GP Ami 
vee (aces, net wo! wore, Size V^ 1. 10" W. x 1.4" h, Welgistt By alı 1 he clip leads g. p 1% Ibe. y simpiy connecting the clip to the circuit power supply, 2N4092 Nch. Fet. Vp 20 BV40 

CSC Medel PB-103 Broadbeard — Complete. List Price. $89.95 

PROTO-BOARD 104 
T USA breadboard contains four Q'T-508 

QT- ра and four EDA ibis nding 
Eoo P base. RSEN with non-marrii Bul 2 CPU, encoder, 
complex display, etc. Sime: 9.8" 1. x toe ESAE h. маем: 1% ibs. 
CSC Мейо! PB-104 Complete. List Price 979.08 

PROYTO-BOARP 203 
assembled зет contains bullt-in, opm 

sockets. seven 
а metal 

Ful 
5v 

setting the logic family awitch to the proper position (TTL/DTL 
or CMOS) and touching the probe tip to the IC pin in question, the 
LP-1 will give an instant picture of circuit conditions. Two level 
detector LED's (HI for logic "1" and LO for logie "0") and a 
blinking PULSE detector LED dispiay the signal activity. One- 
shot, low-repetition-rate, narrow pulses are stretched to 'A 
second. A PULSE/MEMORY switch allows one shot events 
positive or negative transitions to be stored indefinitely. High 
frequency signals cause the PULSE LED to blink on and off at a 
3 Hs rate. When the high frequency signals are unsymmetrical, 
there is an additional indication. Duty cyoles less than 30% 
activate the LO LED; duty cyoles above 70% activate the HI 

2N4093 
2N4123 
2N4125 
2N4400 
MPSA13 
2N3055 
MJ3055 
2N3725 

Nch. Fet. Vp 20 BV50 

NPN Sm. Sig. GP Amp. 

PNP Sm. Sig. GP Amp. 

NPN GP Switch 

NPN Darlington (hfe 5000) 

NPN Power 15A 115 Watt 

Plastic (Fcn equiv. to MJE3055) 

Core Driver 

(^, 

» 

4 

Л 

Now in stock for 

Microprocessor Prototyping 

NEW SOCKETS & BUS STRIPS 

Experimenter 600 З $10.95 
.6 specing for microprocessor applications 

LED. input impodanss: 100,000 ohms. Throskeèid: DTL/TTL, 
2.25 V 0.15 V equals "Logic 1", 0.80 V =0.01 V equals "Logio 
0"; HTL/CMOS, 70% of Vcc equals "Logic 1", 
equals "Logic 0". Minimum Pulso Width: 50 nano- 
seconds. input Prequeney: Up to 10 MHs. inpet Overisad Pro- 
tection: = 50 V continuous: 117 VAC for less than 15 seconds. 
Sizo: 5.8" 1. x 1.0" w. x 0.7” d. Weight: 3 ons. Power Required: 
30 mA at 5 VDC; 40 mA at 15 VDC; 36 V max. with polarity 
reversal protection. 

and four Б тву binding posta. Capacity Tor soe ат ital and lour 5-way ity for. many 
analog projects. ааа are 6° w. x 3.25" Касе So, 
CSC Medel РВ-203 3 Breadbeard— Complete. List Price. $76-00 

PROYO-BOARD 203A 
Provides all the features of Proto-Board 203 with additional wu 
+15 and —15 VDC at 0.5 amp power вир with int 
кше, output voltages. 9201 as EB 203. weigher БР 

FPQ3725CN | Quad Core Driver 

preassembled eS Assembie, kits and 
ronis Mtereily as fast as you can think. 

PROTO-BOARD 6 KIT 
QI-ATB bus өйрә four Б-ту rrr stade ретте Experimentor 300 $ 9.95 nic gU Eo co YAGER Суур pte $120.00 CSC Mode! LP-1 Logic Prebe— Complete. List Price... $44.08 

EEUU il, handwace, Ten min З spacing for microprocessor applications WE ARE A FULL LINE CSC DISTRIBUTOR. WE CAN SUPPLY ANY PRODUCT OUT OF THE CSC CATALOGUE. 

IF YOU NEED THEIR LATEST CATALOGUE WRITE AND WE'LL SEND IT ALONG. 

$1.00 Minimum per line item: 

ж MICROPROCESSOR PRODU S 
CRYSTALS 

8080A/9080A . $24.95 $15.95  21L02/91L02 1:99 m. : 
AMI S6800 . . 24.95 26820 11.00 2102/9102 1.89 Microprocessors Timebases 
AM2901 . .. 29.95  S6810.1 6.25 / 75 e 
GICP1600 . . 69.95 S6850 10.95 ASTU! cee TV Games Precision Crystals 

BUILD YOUR OWN 80. ы s 12:88 эое 225 Frequency Case Price Frequency Case Price 

AM2902PC . .$ 3.95 56834.1 22.95 4104/4804 12.95 
` COMPLETE AM2SDSPOU О ТОЗЫ SEB 0O P тш 15:00 MES 1259 1.000 MHz HC6/HC33 4.95 13.000 MHz HC18 4.95 

COMPUTER SYSTEM AM2906PC . . 11.95 56800 Hardware Mannal 15.00 4200 12.95 2.000 MHz HC6/HC33 5.85 14.31818 MHz НС18 4.95 
AM2907PC . . 10.75 MEN ia eta 9131APC 14.95 2.097162MHz HC6 6.95 18.000 MHz HC18 4.95 

n 6834 1 Prom Ч 

AMI EVK 99 6800 BASED AM2STIPC | | 1895 8212 .S 475 050/TMS4050 1295 4.000MHz HC18 4.95 20.000MHz НС18 4.95 AM2533 7.50 
MICROCOMPUTER AM2918 . .. 65 8224 . 625 AM2401 1650  9060/TMS4060 12.95 5.000 MHz HC18 4.95 32.000 MHz HC18 .4.95 

ROMS CU NET АМ29721РС . 795 8226 . 595 АМ1403 295 5101 1195 6.000 MHz | HC18 4.95  100Kc HC13 12.95 
Microcemmiters ЛЕУ ПОК ЗУЕВ eres he AY-51013A 5.50 8228 9.90 AM1404 695 1702A 1090. 10.000 MHz HC18 4.95 3579.45 Kc HC18 4.95 
reasons are clear’ Performance, versatility and cost dais one zr E CIO p. 2208 eee 

etfectiveness. Photo is of expanded 
EVK 99 Board. 

TV GAME KITS NIV 

Qty (1) GL AY38500 1 TV Game Chip. $29.95 

TV KIT NO.1 ONLY 

AM3341 9195 AM3347 6.40 

Photo of 

expanded EVK 99 

$159.95 

SPECIAL 

BUY 10 OF THE FOLLOWING 
AND YOUR PRICE IS... 

AMD 8080A 

* FUNCTION GENERATOR KIT Ж 

The Function Generator Kit features sine, triangle and square wave; 

THD 0.5% typ.; AM/FM capability. ` 15 : 

1. EVK 99 consists of the following only 
d Includes AY38500 1 TV GameChip АМО 4.10 : Ў Includ lithic funct tor IC, PC board, and 

e a cepa ea PC Board lor video composite output. BO4 ӨӨ AMD 9112... 2.30 Ан дека elge quier суса |e PC nei qi gab 
Т lus instructions. Add $5.95 for 2MHz crystal. 

(1) 6850 ACIA (Asynchronous Communication Interface Adapter) р. 
(1) 6820 PIA (Peripheral Interface Adapter) TV KIT NO. 2 RF MODU LATOR MOD U LE Ж TIMING CIRCUITS Ж Ж COMMUNICATION CIRCUITS Ж 

(2) 6830 ыо Program Library (1) 6831 16K ROM Includes AY38500 1 TV GameChip, ONLY To convert your video composite to RF try XR555CP Maoth e Tiner 90 XR1488 Quad RS232 Driver“ 1.45 

(4) 6810-1 РВЕ DESET UM 1021 Channel 3/4 VHF Modulator $8.95 XR556CP Dual 555 Timer 1.75. XR1489 Quad RS232 Receiver . . 1.45 
$49.95 (1) Operating Manual & Instructions 

To Implement fully expanded system additional IC's are required. 

2. UNIVERSAL KLUGE BOARD $98.00 
Completely compatible to the EVK system. This board allows the user to add any 

additional parts he desires. 11 has 5400 holes, holds 94 16 pin IC's or others on 
.2, 4, 6,9" or greater centers. 2 50 pin, 1 20 pin flat cable, 1 · 25 pin RS232 

connector. 

3. 16K BYTE RAM BOARD $77.95 

2.95 4.75 В 
4.20 
1.40 

XR2556CP XR2208 
XR2240CP 
XR320P 

K PHASE-LOCKED LOOPS Ж 

XR2211CP FSK Demod/Tone Decoder 

XR567CP Tone Decoder 
XR25567CP Tone Decoder 

Dual Timing Circuit Four Quadrant Multiplier 

crystal, XFMR, Bridge and all parts Р ble T rogrammable Timer 
required for video composite. Works 

super with terminal 

and data sheets 

SPECIALS 

75452 

@ DC Switchable @ DC Coupled modulation input with 
VSWR = 2 max Positive transfer characteristic. 
VCC = 6.5 voits Designed for use with TV Games. 

(See Photo) 
Timer 

Includes instructions 

Ж STEREO DECODERS Ж 

XR 1310P FM Stereo Demodulator 
1.80 XR1310bP FM Stereo Demodulator 
1.80 XR1800 Stereo Demodulator 

Ж FUNCTION GENERATORS Ж 

5.95 

ж NEW PRODUCTS 

10/2.50 
EY or 8K x 16 organization. Uses 2102's or 21L02's and adapts to slow 8T26B 2/5.00 NEW FROM NEC Microcomputer! FIRST TIME OFFERED XR2206CP UC Жаы a Де M 5.25 

: 74LS138 1.49 D372 Floppy Disc Controller Chi $7 XR2207CP Current Controlled Oscillator 3.75 
p Я 5.00 

4. 6 SLOT MOTHER BOARD $29.95 8097 ee D371 Mag. Tape Cassette Controller Chip 65.00 Ж OPERATIONAL AMPLIFIERS 
Connectors mount on 75” centers. May be plugged together for expanded applications. 85 E Application Notas (26 pages) 6.95 XR742CP амаа 3.00 

5. ЕХТЕМОЕВ ВОАВО $46.50 741НС 10/2.50 GI AY3550 4% Digit DVM Сһїр. ‚ 29.95 depu E вр T30 
For use with back plane above in card cage configuration MH0026CN 3.95 GI AY3600 Keyboard Encoder 9.95 XR4202CP Programmable Quad Op АТР, 4.25 

New boards are now in development including cassette 1/0 and others. If you want : 1488 1629 Intersil 8038CC 4.95 
more information drop us a line. 1489 1.29 AY 3507 9.95 

RO 32513 Char Gen. 9.95 

2708 PRIME onLY $49.95 

Build Your Own MON ITOR 

Now in Stock — уаш 

M3000 - 100 12-inch display module 

ALTAIR /IMSAI COMPATIBLE 
8K MEMORY 

Our new brain board comes complete with 

21L02-1 memory chips (500ns) and sockets 

х ICMARKET PLACE Р 
* LINEAR 

$229.00 All address control and data out lines fully 

LM105 3.50  LM320K5.2 1.45 LM381N 1.79 уш; 102 ae 120 buffered. M2000 - 155 9-inch display module $208.00 
LM106H 250 LM320K.12 145 LM382N 1.79 : : THE SAME 8K BOARD OFFERED TO THE * nd ut LM1496N  .95 SG4501N 2.40 Add $10.00 Shippin LM300H 80 LM320K 15 LM555CN ^ 58 pping 
LM301H 45 LM320T-5 175 LM556CN 130 LM2111N 1.95 563524 8.95 SCCS GROUP PURCHASE. NOW OFFERED 

агу ИОТ US WEEN. SEB LM2901N — 1.95 RC4194T 6.95 TO YOU AT THE SAME LOW LOW PRICE! 
125 175 WARREN 16s LM3065N 69 RC4195T 6.95 МОТО R O LA ; 

PE 150 d E TREE Hoe i LM3900N 55 RC1458CN .89 $198.00 COMPLETE Exorciser, MEK6800DI 
LM305H 85 LM320T18 175 LM703CN ^ 45 LM3909 1.10 RC1556CN .99 If you desire 91L02APC - Please add $9.95 and MEK6800D2 Compatible Modules 
Ue. о о Uem m [| mM (o emm 7X | 95 LM324M _ 165 LM709N 40 : : 
LM307CN.. 35 — 1M33N — 155 LM710N 70 LM7525N 1.90 RC4136D 1.90 TS OCR ETE 9601 16 Slot mother board - Inc. Conn. $175.00 
LM307H 35 LM340KS 1.95 LM711N 39 LM7534N 2.20 SEO Ree ON SES ien teer A ER TERES { 9602 16 Slot card cage 19” rack mount $ 72.00 
LM308H 1.00 LM340K-8 195 LM711H 39 LM7535N _ 1.25 RC4151CN 6.50 МЕС 4096 ВАМ ................................. 4.25 an s 
LM308CN — 100 ^ LM340K12 1.95 LM723N 55 1602B. ART Е 5.50 9610 Utility Prototyping Board $ 36.00 
LM309H 1.10 . LM340K15 195 LM723H 55 
LM309K 1258 LM340K 18 195 LM725H 325 1502Е FUROR cc es 6o den 12.95 9615 4K Eprom Module (1702A) $350.00 

1. Bienen. i чой 3 IMON шы eb 4000 aa SUNSET 34702 BAUD GEN ........... eene 14.95 9620 Parallel 1/O Module $375.00 
[о = PUE ee tud Ss cD4001 25 сш; 5 CD4078 35 NEC 5101C—E nE ВАМ................ 6.95 9626 8K Static Ram Module $350.00 

1.65 : : : ьмэллсм до LMa7OH 165 малсын 35 ЖО 175 ~ cDan9 199. co40s2 35 омо ыш MM үг 9650 8 Channel Duplex Ansyn I/O $390.00 
LM318H 1.50 LM377N 4.00 LM741CD 49 CD4007 25 CD4030 60 CD4510 1.95 WD 1671B ASTROS ......................... 
LM318CN — 1.50 LM380N. 1.39 LM747H 75 расов we Cit ee Caen in WD 1941 DUAL BAUD GEN ............. All assembled and tested. Not Kits 

1.05 LM747N à : j 4 Баре то LM380CN AA [5 Gone Ad CD4035 179 CD4518 245 WD 1771 FLOPPY DISC CONT.. 
aaa os CD4011 28 CD4040 210. CD4520 2.49 SPECIAL 

CD4012 28 CD4042 145 CD4522 2.56 100 22PIN 4096 DYN RAM 

x 7400 TTL B e cbabas = I 100-22 PIN 4096 DYN RAM ... ae MISCELLANY 
CD4015 1.95 CD4049 61 CD4528 1.50 -16 PI Боровац ELCO VARIPAK 2H 
CD4016 .59 CD4050 61 CD4531 1.99 100-16 PIN 4096 DYN RAM 1-9ft. 10.49. 50ftu pO SC 2-Slot cardholders 

7445N 99 74122N 44 74185N $210 B cD4017 125 CD4051 225 CD4543 225 TRSOIEUP. = mem 4/$1.00 
7401N 18 7446N 99  74123N 60  74190N $1.30 Í cD4018 2.39  CD4066 120 CD4555 175 6800 Бра ye 
7402N 18 гати z 74125N 79 74191N $1.30 B cD4019 195 CD4068 35 СО4556 175 STARTER SE UD p lues Butadiene ee 
7403N 18 f 74126N 79 74192М $1.10 B cD4020 135 CD4069 35 С04581 49 Е : Фу T. - 
шм эз 7450 26 74132N 70 74199N $1.10 0 союл 185 CD4070 — 39 — СО45в2 195 T STARTER SET MER LM SEU E 52 
7405N 20 7451 : 74141N 88 — 74194N 95 | cD4023 29  CD4071 35 ср4585 245 Only 68 Bucks $68.00 Only $80.00 ES ene KEYBOARD 
7406N 25 7453N 26 74145N 70  74195N 95 B CD4024 129 CD4072 35 АЮ  . You Ger (1) 6800 8 bit CPU You Get — (1) 8080A 8 bit CPU Дас Be sted ease ES, 
7407N 25 7454N 26 74147N $1.58 74196N 95 CD4025 29 CD4073 35 5101 (1) 6820PIA (1 1210P (GOTT А КАМ ТӨП US 45 $11.95 | 821210 Port D y y,t nal keyboard, TOUCHTONE 19 

jdm 21 TEES 30 А toe dm 105 ites 2s RAN re ee : s шана цу KEYBOARD 27 5 - : 5 (1) 8228 System Controller a> itch Black w/white | Aj ^ 7410N 21 7473N 30 74151N 98 74199N $1.85 РИ МТ M NES switches. Black w/white legends. FOR TELEPHONE “% 

7411N 21 7474N 30 74153N  .98 74251N $1.45 PLESSEY SEMICONDUCTORS Add $15 00 for ug ; AD Э. Special Offer: Buy now at MM Use with MK5085 N integrated tone 
7412N 21 7475М .69 74154N $1.15 74279N $1.10 AMI 6800 Programming Add $5.95 tor хи з $19.95 and we will give Е ч dialer & 3.579 Hz crystal. 5 
7413N e н 2 PETER Bo 8093N n RADIO COMMUNICATIO Manual MCS 8 8080 Users Manual you a free calculator — Crystal available for $4.95 

мм 35 лавом — 95 зм 95 вом 99 SL610C 195 эб HE E oder A outil Only $9.95 Й à 1. SL630C 1.95 neoder . 
7417N 5  7483N 95 74160N 99 8096№ 99 SLEIIC 195 сабе, FCN GEN КІТ $18.50 with keyboard NY 
7420N 19 7485N 89 74161N 99 8097М 99 = Де R ЕС ee 63 Kev Kevboard 19.95 Only $14.95 NOW! 
7421N  .35 7486N .28 74162N 99 8098N 99 : 2 ey Keyboar 3 A 19 key Number Keyboard compatible 

35 $1.88  741632N  . 150N $1.7 SL620C 255 SL645C 595 with our 63 Key Keyboard. Sa 
н 35 NN .60 74164N $4 ен тыы SL621C 2.55 SL650C 5.75 19 Key Key board 11.95 CLOCK CHIPS manufacture ж LARA akan 5s 0to9 
3426N 35 79м 70 74165N 99 75451N 59 SL622C 295 SLE5IC 4.95 i : MM5311 24 Pin BCD Output 6 Dts 94.50 0 | and 110,300, FDX/HDX, minus Auto LF, 
7427N — 35 зм — 59 — TANGEN пк 7452М 590 SER сач See E NRHIS Ё Also . . . ме stock entire continental k: 28 Pin 6 Digits +08 Line Loc, Alt Char set and Char set lock. 
7428N 28 7493N 4 74170 .20 75453N 59 pplication Manual for пеш : А : : : 24 Pin 6 Digits н ONLY $11.95 FIRST TIME OFF 
J430N 21 тазан 79 HUA sieis 7545AN 59| Plesay Semiconductor Catalogue 3.95 specialties line new sockets and bus strips MM5316 зун uero 450 аваас мо our 63 Key it A RE 
7432N 31 74 à 4173N $1.40 75491N 70 à à lock Chip - exrept 19 keys.) 
7433N 30 7496N 79 74174N $1.25  75492N 70 DIVIDERS for microprocessor design 
7437N 35 7497N $3.75 74175N $1.25 75493N $1.10 Ё с̧рввоов 6.95 SP8620B 12.50 SP8640B 6.2 А А 5 20 IC SOCKETS RESISTORS 
7438N 38 74100 110 74176N 79 75494N $1.10 Í SP8601B 4.25 SP8621B 850 Р586418 750 Experimenter 600 (.6 spacing) $10.95 * Low Profile Tinplate Carbon Resi i 
7440N озм A ET 74177М — .79 SP86028 16.00 5Р86228 650  SP86428 12.50 Experimenter 300 (.3 spacing) 9.95 8Pin .17 24Pin 41 EAS Ye A MS 
7441N й es 3 74180N 79 SP8603B 14.50 SP8630B 20.00 SP8643B 20.00 14 Pin 20 28Pin 49 ost Standard Resistance Valves. 

7442N p^ ees pu 74181N $275 SP8604B 8.25 SP8631B 1200 5Р86468 6.50 16 Pin .22 40Pin .63 NOTE: Multiples of 5 pcs per valve minimum 
7443N A Ду с 74182N 79 SP8607B 17.00 5р86328 10.00  SP8647B 800 1 à | UPS inUS dd 5% | 18Pin .31 aiv еас уме ерисе 
SAN 74184N $2.10 SP8613B 17.50 SP86348 35.00  SPB8650B 25.00 All shipments first class or UPS in U.S. or add > HA 1086 

100 PIECES МІХ ТАКЕ 10% DISCOUNT PE ос сы ву ы KE 850 for shipping and handling. Кл order ао Mi к\л\к RESISTORS 2550 1045 each : ; Я : à Ee 
1000 PIECES MIX TAKE 15% DI n н California Residents add 6% tax. Foreign add 8%. 55 100 .04 each 

SCOUNT SP8616B 22.00. SP8637B 18 00 Centralab АМА NAYSD503A (HMP 50K) $1.95 105 500 03 each 
RN4 NAYSD503A (53C3 50K S) $1.95 505 up -025 each 

CORCOM EMI FILTER 
Ө CORCOM2B42A Only $4.95 

115/230V 50 400Hz Test 2100VDC 

@ CORNELL DUBILIER NF21015 
2x4A 250 VAC Only $4.95 

ROTARY SWITCH 
Centralab PA 2001 
ч 

$1.95 

P. O. BOX 17329 
A- C&K V 25 

Bat handle 

ati J toggle switch 

$1.50 

IRVINE, CALIFORNIA 92713 

PHONE (714) 968-3655 @ DIP SWITCH 
B SPSI Shide уун ех in Dip $2 25 



Musical Magic Squares 
3: Pr m Listi 

Fred T. Hofstetter | og ra Listing а 
: E : ps PRINT MASQUA 

In music, the term "magic square" refers to the ona 
ES 5 B = REM MAGIC SQUARE GENERATOR 

compositional matrix used by composers of 12-tone music. 1010 REN 
1020 DEF FNM(OX»YOzX- 

The twelve-tone school was started by Arnold Schoenberg, 1030 REM MODULUS FUNCTION GIVES THE REMAINDER OF X DIVIDED BY Y 
who discovered that if music was composed such that one oec : 

; 1 1 a 1060 PRINT : 
of the twelve tones is repeated until every other tone is ios celum шт лк ONE Кор dee 
used, an atonal texture would result. Atonal means that 1080 MAT INPUT а 

: з Я Ж к: 1090 REM INPUT THE MAIN ROW 
there is no tonic, or that there is no "do re mi. 1100 PRINT 

A twelve-tone row is a set of numbers from 1 through 12 1120 PRINT 

typed in any order with no repetitions. Twelve-tone music Se IERI lr o e tuu. 
uses a row and permutations of the row. The permutations ur M 
consist of transpositions which are the pattern of the 1170 КЕН B IS THE COUNTER FOR THE ROWS OF THE SQUARE 

original row started on different notes; retrogrades which 1190 REM C KEEPS TRACK OF THE DIFFERENCES BETWEEN SUCCESSIVE ROWS 

are the original TOW and the transpositions played 1210 REM р IS THE COUNTER FOR INDIVIDUAL ELEMENTS OF THE ROWS 
б m З 2 = tACU)-1»12) 

backwards; Inversions which are mirror-images of the 1230 REM E IS THE ACTUAL NOTE THAT SHOULD BE PRINTED 

original row and its transpositions; and retrograde inver- Lo c e ULM 
sions which are the inversions played backwards. The 1260 IF E-2 THEN PRINT *DN T 

. 
27 = a s 

magic square program asks for a twelve-tone row. It then аз I rca PRODI e 
computes the transpositions, inversions, retrograde inver- 1400 dr Eos еа 
sions, and retrogrades of the row, and prints them out as a 1310 IF E-7 THEN PRINT "GN *j 

5 : s 1320 IF E=8 THEN PRINT "A? "5 

matrix. The matrix is read as follows: 1330 IF E-9 THEN PRINT "АМ ‘3 
2 x : 1340 IF E-10 THEN PRINT "Вт "; 

1. Reading rows from left to right yields reU у 
transpositions. 1370 PRINT 

2 В ^u f . В 1380 PRINT 
„ Reading rows from right to left yields 1390 IF В>11 GOTO 1050 
retrogrades. i60 ДЕП БЕ FINISHED: ASK FOR THE NEXT SQUARE. > . 

З. Reading columns from top to bottom yields 1420 LET C-CtA(B-1)-A(B) £12 
inversions х сао АБА се ры р, GO BACK AND DO THE NEXT ROW 

4 Reading columns from botton to top yields : | E 

retrograde inversions. 

Two special symbols are used in the matrix: N means 
natural and ? means flat. It takes about half an hour to make N - Natural 

а magic square by hand. The computer does it in just a ? - Flat . 

second. # = Sharp 

Sample Run 

WHAT ARE THE ROW NUMBERS? Á3»7»11»1»10»8»4»9»6»5»2»12 

MAGIC SQUARE 

IN ЕФ E? CN AN GN E? А? FN EN C# EN 

B? IN F+ A? FN E? BN EN C+ CN AN GN 

Fe E? IN EN Ct EN GN CN AN A? FN EP 

EN A? CN DN BN AN FN BP GN FE E? Cf 

GN BN E? FN IN CN A? Ct BP AN РЖ EN 

AN CE FN. GN EN IN Е? Е? CN EN AP FF 

СЖ FN AN ЕМ АТ F+ FN GN EN E? CN R? 

A? CN EN ЕФ E? C+} AN IN EN Е? GN FN 

BN E? GN AN F+ EN CN FN IN CH Е? A? 

CN EN A? В? GN FN Ct ЕЖ E? IN EN AN 

ЕР GN BN СЖ EB? A? EN AN ЕФ FN IN CN 

FN AN C+ Е? CN BP F# BN. A? GN EN ПМ 

116 CREATIVE COMPUTING 
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ГО MANI 
MEETS 

OUR SToRY OPENS AS ACE CREATIVE 
COMPUTING SALESMAAN, RONALD LYSOL, 
MAKES HIS ROUNDS OF SCHooLS AND 
CoLLEGES AND KEEPS HEARING THE 
FOLLOWING SoB 57089... . 

^ GUT ALL. OUR 
BUDGET GOES 

ry 

MEANWHILE THE SIH 
SALES MANAGER IS 
ADDRESSING THE SIM 
(EQ) SALES FORCE... 

um 
Tip 

(( (ЫШ м 

THE RUMOR 
MONGERS 

WITH ALL THESE MALICIovuS Rumors 
FLYING ABooT, THIS XS OBVIQUSLY 
= JoB FoR ефе 

SUs 

WHILE AT THIS VERY 
MOMENT, GENERAL DATA 
1S SPEAKING To THE 
AVON SALES FORCE ..- 

AND ADMIRAL WATSON SPEAKS To 
A SMALL GROUP OF WAND-PICKEO 
SELECT TROOPS ..- 

BASIC 7 BASIC ? 
. wMAT TS BASIC ? | 

ONLY ONE VENDOR PER 
CUSTOMER. GET ‘EM? 

* 

: ta = 
за > Ко: Sk? ze e x P 

252 < 
еа ET > 2% L3 hi 

V, Ф ENS 4 e 

i - b s, > 
RA 4 А ; 

fi ы M eM f 

AS 0777 / P NS 

FIRST I VISIT WELLESLEY WHERE T 
EXHIBIT MY FAMOUS ACCORDION IN 

1 WHICH X CRUSH 36 RUMOR MONGERS 
ЧТО IC'S WITH MY BARE HANDS 

‘QE 

: n yy 

* D, 
ae 

"SIN а> 

RN 0, 
AS Y i s 

EDU-MAN SEARCHES FOR SocUTHBORO 

AND New FoR THE LAST WORO. 

IF You USE MINIS AND MICROS 
WISELY, You?LL HAVE PLENTY OF 
MONEY LEFT OVER FoR SUR'NS 

To CREATIVE COMPUTING. 
(ANO PERHAPS A BT FoR Youve 
FRIEMOLY NEIGHBORHOOD SUPER 

| WART-HoG 

JUST AS FORMIDABLE ,wuicH I DEM- 
QNSTRATE Now IN ARMONK, IS 
NX FAMOUS REPERCUSSION PUNCH ! 

PERLE GLP GOLGI 

gh! th 00 („4 AEN É П 
Ды» Se ee в >. 

L4. A 1 377 ro 

9 CREATIVE COMPUTING X \es astute readers — Creative Computng's erudite, effervescent, 
easy-going Edu-Man 16 indeed the twin brother of fearless, fighting, 
foulmovthed Wonder Wart Код. Apologies +o Gilbert Shelton, — BHA 
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| What to Do After 

-. You Hit Return 
Another collection and 
simulations—all in BASIC—including 
number guessing games, word games, 
hide-and-seek games, pattern games, 
board games, business and social science 
simulations and science fiction games. 
Large format. 158 pp. $6.95 [8A] 

of games 

Fun & Games 
with the Computer 
Ted Sage. "This book is designed as a 
text for a one-semester course in com- 
puter programming using the BASIC 
language. The programs used as il- 
lustrations and exercises are games 
rather than mathematical algorithms, in 
order to make the book appealing and 
accessible to more students. The text is 
well written, with many excellent sample 
programs. Highly recommended." — The 
Mathematics Teacher 351 pp. $6.95 [8B] 

Game Playing 
With the Computer, 
2nd Ed. 
Donald Spencer. Over 70 games, puzzles, 
and mathematical recreations for the 
computer. Over 25 games in BASIC and 
FORTRAN are included complete with 
descriptions, flowcharts, and output. 
Also includes a fascinating account of the 
history of game-playing machines, right 
up to today’s computer war games. Lots 
of “how-to” information for applying 
mathematical concepts to writing your 
own games. 320 pp. 1976 $14.95 [8S] 

BYTE Magazine 
If you are considering a personal com- 
puting system now or later, BYTE 
provides a wealth of information on how 
to get started at an affordable price. 
Covers theory of computers, practical 
applications, and of course, lots of how- 
to build it. Monthly. 1-Year sub’n $12.00 
[2A], 3-Years $30.00 [2B] 

Games & Puzzles 
Magazine | 
The only magazine in the world devoted 
to games and puzzles of every kind — 
mathematical, problematical, 
crosswords, chess, gomoko, checkers, 
backgammon, wargames. card games, 
board games, reviews, competitions, and 
more. Monthly. 1-Year sub'n $12.00[3A] | 

Games With The 

Pocket Calculator 
Sivasailam Thiagarajan and Harold 
Stolovitch. A big step beyond tricks and 
puzzles with the hand calculator, the two 
dozen games of chance and strategy in 
this clever new book involve two or more 
players in conflict and competition. А 
single inexpensive four-banger is all you 
ү play. Large format. 50 pp. $2.00 
8H 

Games, Tricks and 

Puzzles For A Hand 

Calculator 
Wally Judd. This book is a necessity for 
anyone who owns or intends to buy a 
hand calculator, from the most 
sophisticated (the HP65, for example) to 
the basic “four banger.” 110 pp. $2.95 
[8D] 

Computer Power and 

So you've got a 
personal computer. 

Now what? 
Creative Computing Magazine 
So you've got your own computer. Now what? Creative Computing is chock full 
of answers — new computer games with complete listings every issue, TV color 
graphics, simulations, educational programs, how to catalog your LPs on 
computer, etc. Also computer stories by Asimov, Pohl, and others; loads of 
challenging problems and puzzles; in-depth equipment reports on kits, terminals, 
and calculators; reviews of programming and hobbyist books; outrageous 
cartoons and much more. Creative Computing is the software and applications 
magazine of personal and educational computing. Bi-monthly. 

Computer Lib/ 
Dream Machine 
Ted Nelson. This book is devoted to the 
premise that everybody should under- 
stand computers. In a blithe manner the 
author covers interactive systems, ter- 
minals, computer languages, data struc- 
tures, binary patterns, computer 
architecture, mini-computers, big com- 
puters, microprocessors, simulation, 
military uses of computers, computer 
companies, and much, much more. 
Whole earth catalog style and size. A 
doozy! 127 pp. $7.00 [8P] 

Human Reason 
Joseph Weizenbaum. In this major new 
book, a distinguished computer scientist 
sounds the warning against the 
dangerous tendency to view computers 
and humans as merely two different 
kinds of "thinking machines." Weizen- 
baum explains exactly how the computer 
works and how it is being wrongly 
substituted for human choices. 300 pp. 
$9.95 [8R] 

Computer Science: 
A First Course (2nd Ed.) 
Forsythe, Keenan, — Organick, | and 
Stenberg. A.new, improved edition of 
this comprehensive survey of the basic 
components of computer science. There 
has been an updating of important areas 
such as Programming, Structured 
Programming, Problem Solving, and 
other Computer Science Concepts. The 
quantity of exercises and problems has 
been increased. 876 pp.$16.95 [7D] 

Mr. Spock Poster 
Dramatic, large (17” x 23”) computer 
image of Mr. Spock on heavy poster 
stock. Uses two levels of overprinting. 
Comes in strong mailing tube. $1.50[5B] 

l-year sub’n $8.00 [1A]. 3- years $21.00 [1B], sample copy $1.50 [1C] 

Problems For 
Computer Solution 
Gruenberger & Jaffray. A collection of § 
92 problems in engineering, business, 
social science and mathematics. 

cover a wide range of difficulty. Oriented 
to Fortran but good for any language. A 
classic. 401 pp. $8.95 [7A] 

A Guided Tour of 

Computer Programming 
In Basic 
Tom Dwyer and Michael Kaufman. 
“This is a fine book, mainly for young 
people, but of value for everyone, full of 
detail, many examples (including 
programs for hotel and airline reser- 
vations systems, and payroll), with much 
thought having been given to the use of 
graphics in teaching. This is the best of 
the introductory texts on BASIC."— 
Creative Computing Large format. 156 
pp. $4.40 [8L] 

Build Your Own 
Working Robot 
David Heiserman. Complete plans, 
schematics and logic circuits for building 
a robot. Not a project for novices, this 
robot is a sophisticated experiment in 
cybernetics. You build him in phases and 
watch his capabilities increase and his 
personality develop. Phase I is leash led, 
Phase II has a basic brain, while Phase 
ПІ responds and makes decisions. 238 
pp. 1976 $5.95 [9M] 

Computers and 
Society 
R. Hamming. Provides a framework for 
thinking about and drawing conclusions 
about how machines should be used in 
our society. Presents, in a non-technical 
way, the principles of computer 
operations, programming and use. 288 
pp. 1972 $7.95 [8T] 

Problem Solving: The 
Computer Approach 
LaFave, Milbrandt, and Garth. 
Describes the process ef thinking 
through the steps needed to solve a 
problem, flowcharting the steps, coding 
in a computer language, development of 
appropriate test data, and manual 
checking. 176 pp. 1973 $10.40 [8U] 

The: 
problems are presented in depth and 

Problem Solving With 
The Computer 
Ted Sage. This text is designed to be used 
in a one-semester course in computer 
programming. It teaches BASIC in the 
context of the traditional high. school 
mathematics curriculum. There are 40 
carefully graded problems dealing with 
many of the more familiar topics of 
algebra and geometry. Probably the 
most widely adopted computer text. 244 
pp. $6.95 [8J] 

A Simplified Guide to 
Fortran Programming 
Daniel McCracken. A thorough first text 
in Fortran. Covers all basic statements 
and quickly gets into case studies ranging 
from simple (printing columns) to 
challenging (craps games simulation). 
278 pp. $8.75 [7F] 

Microprocessors 
A collection of articles from Electronics 
magazine. The book is in three parts: 
device technology; designing with 
microprocessors; and applications. 160 
pp. 1975 $13.50 [9J] 

Microprocessors: Tech- 
nology, Architecture 
and Applications 
Daniel R. McGlynn. This introduction 
to the microprocessor defines and 
describes the related computer structures 
and electronic semi-conductor processes. 
Treats both hardware and software, 
giving an overview of commercially 
available microprocessors, and helps the 
user to determine the best one for 
him her. 240 pp. $12.00 [7C] 

The Art of Computer 
Programming , 
Donald Knuth. The purpose of this series 
is to provide a unified, readable, and 
theoretically sound summary of the 
present knowledge concerning computer 
programming techniques, together with 
their historical development. For the 
sake of clarity, many carefully checked 
computer procedures are expressed both 
in formal and informal language. A 
classic series. Vol. 1: Fundamental 
Algorithms, 634 pp. $20.95 [7R]. Vol. 2: 
Seminumerical Algorithms, 624 pp. 
$20.95 [7S]. Vol. 3: Sorting and 
Searching, 722 pp. $20.95 [7T]. 

ALGOL by Problems 
B. Meek. A set of programming exer- 
cises, both abstract and concrete, to give 
the reader a thorough working 
knowledge of ALGOL. Good compan- 
ion to vendor's language manual. 168 pp. 
1972 $8.95 [8V] 

Computer Algorithms 
and Flowcharting 
G. Silver and J. Silver. A straightforward 
approach to analyzing problems and 
structuring solutions suitable for the 
computer. Branching, counters, loops, 
and other important concepts are 
presented in easily-grasped modular 
units in the text. 176 pp. 1975 $6.95 [8%] 

Creative Computing 
Catalogue 
Zany  l2-page tabloid пемѕрарег/ 
catalog lists books, magazines, art prints, 
and T-Shirts. A conversation piece even 
if you don’t order anything. Free. [SA] 

Use order form or send amount plus $1.00 postage and handling to Creative Computing (CC-13), Box 789-M, Morristown, NJ 07960. 



Another new game from Creative Computing.... 

. PASART 
by Charles A. Lund 

Description : 

This program generates artistic patterns based 
on Pascal's triangle. 

Comments: 

Pascal's triangle is one of the most famous 
number patterns in mathematics. The triangle is 
very easy to construct. The first two rows consist 
of only 1's. Each of the subsequent have a 1 at 
either end. of the row, but all other numbers in the 
pattern are the sum of the two numbers to the right 
and left in the row above. An example, illustrating 
the first 6 rows of the triangle, is shown below: 

: 

| 
Tos 
23098 1 

1 4 6 4 1 
1T: 57 10 1051 

The program provides the user with three options 
during the course of a RUN. 

They are: 

1. A single “Pascal’s triangle” 
2. Two “Pascal’s triangles” 
3. Four “Pascal’s triangles” 
A user may also specify the size of the array and 

the multiples of the number to be eliminated. 
Option 1 simply allows a user to examine an 

artistic picture of the relative positions of the mul- 
tiples of any number in the array. The apex of the 
array will appear in the upper left corner of the page. 

An example of how the machine uses a “triangle” 
to create a design based on eliminating the multiples 
of two is shown below. 

tta 1 xd e 
123 4 dE Gs 
136 10 и 
1 4 10 20 5 

Before Printing After Printing 

Option 2 allows a user to create a picture based 
on two Pascal’s triangles in opposite corners of a 

122 

mh eee mh йк cc uec 

square array. An example of how the machine uses 
two Pascal's triangles in the corners of a square to 
create a design based on eliminating the multiples 
of 2 is shown below: 

1 1340 pum 
TES па 
$3031 з. 
(0-324 TOR 
0 p iub 
Before Printing After Printing 

Option 3 creates a design based on Pascal's 
triangles in the four corners of a square. An ex- 
ample of how the machine uses four Pascal’s tri- 
angles in the corners of an 8x8 array to create an 
artistic design based on eliminating the multiples 
of 2 is shown below. 

TT DX LI 3 PI IM сос 
23 92-1 um Vi E dm 
3 a 1 * * k ж 

1 * * 

3 3 1 * * | * ж 

23 321 Mie oe T ok 
4o. 154 лот 1 ws Xo Xo * X 

Before Printing After Printing 

Approximately 5 minutes of terminal time is 
required to print a design with dimensions of 36x36. 

CREATIVE COMPUTING 



X 

GET-PASART 

PUN -P 
PASART 

10 REM PROGRAM AUTHOR С» LUND, ST. PAUL » 1975 
20 DIM PC362 36) 
30 MAT P=ZER 
40 PRINT “THIS PROGRAM CREATES ARTIST DESIGNS BASED ON PASCAL'S TRIANGE 

- 

50 PRINT "YSU HAVE 3 BASIC TYPES ӨГ DESIGNS TØ SELECT FROM: 
60 PRINT “ie A SINGLE PASCAL'S TRIANGLE (PLAYED BACK WITH AN ARTISTICR 
70 PRINT "2. TWO 'ARTSY' PASCAL'S TRIANGLES PRINTED "BACK ТӨ BACK'" 
80 PRINT "3. FOUR 'ARTSY' PASCAL*'S TRIANGLES IN THE CORNERS ӨЕ" 
90 PRINT " A SQUARE ARRAY." 
100 PRINT "WHAT*'S YOUR PLEASURE? 1,9 ӨН 3"j 
110 INPUT Ø 
120 IF (8-10*(0-290*4(8-3) <> O THEN 100 
130 PRINT "WHICH MULTIPLES рб YÓU WANT REPRESENTED WITH BLANKS"j 
140 INPUT О 
150 PRINT “HOW MANY ROVS AND COLUMNS IN THE ARRAY(36 15 МАХ)"; 
160 INPUT T 
170 IF T#(36-T)<0 THEN 150 
180 IF @=1 THEN 230 
190 IF 622 THEN 440 
200 IF 8*3 THEN 690 
210 REM TIME ТӨ CREATE AND PRINT A SINGLE PIECE ØF PASART 
220 REM FIRST BUILD THE PASCALS TRIANGLE 
230 FOR Rej TO T 
240 FOR Cs] TO T 
250 IF (R-12)*(C-10-0 THEN 280 
260 P(R,CJsPCR,C-1J*PCR- 1, C3 
270 бете 290 
280 РІВ, С)з1 
290 NEXT С 
300 NEXT R 
310 REM TIME TØ PLAY BACK THE TRIANGLE WITH AN ARTISTIC FLARE 
320 FOR Rel TO T : 
330 FOR Cs! TO T 
340 IF РСА, С) =0 THEN 380 
350 IF (РСР, С2/0) =ІМТСРГА, CJ/00 THEN 380 
360 PRINT "ж "3 
370 GATS 390 
380 PRINT " "3 
390 NEXT C 
400 PRINT 
410 NEXT R 
420 STOP 
250 n TIME ТӨ CREATE AND PRINT A DOUBLE PIECE OF PASART 

= 

450 REM BUILD THE UPPER LEFT HAND HALF ØF THE ARRAY 
460 LET NeZ 
470 FOR Rel TO Y 
480 FOR Саі Т0 2-1 
490 IF (R-1)*(C-1»520 THEN 520 
500 РСВ, С) РСА C- 13e PCR- 1, CJ 
510 G6T8 530 
520 PtR,C1s1 
$30 NEXT C 
540 ZzsZ-1 
550 NEXT R 
Eno ДЕ BUILD THE LOWER RIGHT HALF ØF THE ARRAY 

=N 
580 N=2 
590 FOR ReZ TØ 1 STEP =] 
600 FOR CeZ TØ N STEP -1 
610 IF (ReZ)*$(C-Z2)90 THEN 640 

GET-PASART 
RUN 
PASART 

THIS PROGRAM CREATES ARTIST DESIGNS BASED ӨМ PASCAL'S TRIANGLE. 
YOU HAVE 3 BASIC TYPES OF DESIGNS TØ SELECT FROM: 
1, A SINGLE PASCAL'S TRIANGLE (PLAYED BACK WITH AN ARTISTIC FLARE) 
2. TWG 'ARTSY' PASCAL'S TRIANGLES PRINTED 'BACK TØ BACK’ 
3. FOUR 'ARTSY' PASCAL'S TRIANGLES IN THE CORNERS OF 

A SQUARE ARRAY. 
 WHAT'S YOUR PLEASURE? 1,2 ØR 371! 
WHICH MULTIPLES 00 YOU WANT REPRESENTED WITH BLANKS?2 

HOW MANY ROWS AND COLUMNS IN THE ARRAY(36 IS MAX)736 
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Program Listing 

Sample Run 

620 PItR,CIsPER, Ce 1 3e PCRe 1, CJ 
630 GØTO 650 
640 PtR,Ciese] 
650 NEXT C 
660 NsNeI 
670 NEXT R 
680 G8T9 320 
690 М=а 
Pus Te BUILD THE UPPER LEFT CORNER ØF THE ARRAY 

B 

720 Z2INTCY/e2) 
730  BSsZs2 
740 21а? 
750 Ze@sZi 
760 2Z32Z2 

770 Х4=73 
780 Х5ЅаХа 

790 FER Із; TØ 21 
800 FOR Jai ТЕ 2 

810 IF (J-125(I-1)90 THEN 840 
820 PtI,JIsPEI,J-1JePCI1-1,2J2J 
830 G8T9 650 
840 PtIi5J3a1 

850 NEXT J 
860 ?а?7-1 

870 NEXT I 
880 М№е21 
890 REM BUILD THE UPPER RIGHT CORNER OF THE ARRAY 
900 FOR f=! ТӨ 21 
910 FER Jay TS Х5+] STEP -1 
920 1F Is] THEN 960 
930 IF JeY THEN 960 
940 PtI,JO)sP(I»Je1JePCI-15JJ 

950 бта 970 

960 PtI,J3s1 
970 NEXT J 

980 Х5=ХЗ»] 
990 NEXT I 
1000 NeZe 
1010 REM BUILD THE LOVER LEFT CORNER OF THE ARRAY 

1020 FOR IsY TO X4*1 STEP -1 

1030 FOR Je! T9 Z2 

1040 IF Je] THEN 1080 

1050 IF IsY THEN 1080 
1060 PtI52JJsPÜtI^,J-2134PCI*^ tsJ] 

1070 GGTS 1090 

1080 Pt15»J391 

1090 BEXT J 
1100 22822-1 
1110 NEXT I 

1120 NsZ3 
1130 REM BUILD THE LOWER RIGHT CORNER ØF THE ARRAY 
1140 FRR ley TØ Nei STEP -1 

1150 FOR JeY TO 73+] STEP -1 

1160 IF JeY THEN 1200 

1170 UF 1Y THEN 1200 
1180 PtI,JJsPCI91»JJ*PCIoJ*1) 
1190 GETO 1210 
1200 PEi,JI=) 

1210 NEXT J 

1220 ®3=23»] 
1230 NEXT І 
1240 GSTS 320 

1250 END 

\ 

GET-PASART 

PAS ART 

THIS PROGRAM CREATES ARTIST DESIGNS BASED GN PASCAL'S TRIANGLE. 
YSU HAVE 3 BASIC TYPES ØF DESIGNS TO SELECT FROM: 
le A SINGLE PASCAL'S TRIANGLE (PLAYED BACK WITH AN ARTISTIC FLARE) 
2. TWG 'ARTSY' PASCAL'S TRIANGLES PRINTED 'BACK ТӨ BACK’ 
3. FOUR 'ARTSY* PASCAL'S TRIANGLES IN THE CORNERS OF 

_SQUARE ARRAY. 
WHAT'S YOUR PLEASURE? 1,2 OR 373 
WHICH MULTIPLES 08 YOU WANT REPRESENTED WITH BLANKS?3 
HOW MANY ROWS AND COLUMNS IN THE ARRAY(36 IS MAX)?736 
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BIBLE QUIZ 
Another new game from Creative Computing 

12 б F (К 
аа | 

| 
~ 

id 

005 REM BBLEQZ--BIBLE QUIZ icti 
Steve Wentworth @@7 REM AUTHOR--STEVE WENTWORTH Program Listing 

Muskingum College 010 PRINT 'THIS GAME IS A QUIZ WHICH Tor | 

New Concord Ohio е EI о OF BIBLICAL EVENTS, PLACES, 

: Bad PRINT. n 
: dm 058 PRINT "І WILL ASK YOU A QUESTION AND THEN WAIT ' l 

QUIZ is a program which administers 968 PRINT ‘FOR YOUR ANSWER. IF YOUR ANSWER IS CORRECT ' 

i b P т. bibl th if 870 PRINT ‘I WILL PROCEED TO THE NEXT QUESTION. IF YOUR ' 

up to 25 questions about the bible to the user. 080 PRINT 'ANSVER IS INCORRECT I WILL GIVE YOU THE ' 
i П i t. th 090 PRINT 'CORRECT ANSWER AND THEN PROCEED TO THE ' 

the answer T ede rn i questo |f 5 106 PRINT 'NEXT QUESTION. ' 
roqram roce . 110 PRINT 

р 9 t P r is iven, the program gives the 118 PRINT ‘ALL ANSWERS ARE ONE WORD.' 

Incorrect answe : g / р Hj XI. 119 PRINT ‘ALL ANSWERS MUST BE CORRECTLY SPELLED." 

correct answer. In either case, the biblical reference 120 PRINT 'THERE IS A TOTAL OF 25 QUESTIONS.' 
Б given | itc Ro uw MANY QUESTIONS DO YOU WISH TO TRY'S 

Note that Statements 124 to 296 could serve as сои 

the basis for any type of CAI dialogue with ла 

instructions preceeding Statement 124 and the cul e 
i | ata statements. 162 PRINT questions and answers in the d Woo X 

188 PRINT 
190 READ QS 

200 READ AS 

READY 205 READ VS 
Sample Run 210 PRINT QS; 

RUN BBLEOZ 226 INPUT RS 
THIS GAME IS A QUIZ WHICH TESTS 230 IF RS-AS THEN 270 
YOUR KNOWLEDGE OF BIBLICAL EVENTS, PLACES; 249 PRINT 'INCORRECT ANSWER" 

| AND PERSONS. 250 PRINT 'THE CORRECT ANSWER IS ‘AS; '. ‘VS 
| 260 GOTO 1590 

I VILL ASK YOU A QUESTION AND THEN VAIT 279 PRINT 'CORRECT ANSWER--VERY GOOD! '; VS 
FOR YOUR ANSWER. IF YOUR ANSWER IS CORRECT 272 LET NISN1*1 
I VILL PROCEED TO THE NEXT QUESTION. IF YOUR 288 GOTO 159 
ANSWER IS INCORRECT I WILL GIVE YOU THE 298 PRINT 
CORRECT ANSVER AND THEN PROCEED TO THE 299 PRINT 'OUT OF 'N' QUESTIONS YOU ANSVERED'NI' CORRECTLY. ' 
NEXT QUESTION. 294 LET P=(N1/N)*190 

| 296 PRINT 'YOUR PERCENTAGE FOR CORRECT ANSWERS IS'P'Z' 
ALL ANSWERS ARE ONE WORD. 301 DATA ‘WHO SET FIRE TO THREE HUNDRED FOXES TAILS'» ''SAMSON', 
ALL ANSWERS MUST BE CORRECTLY SPELLED. i 1 JUDGES 15:4. 5* | 
THERE I5 A TOTAL OF 25 QUESTIONS. 302 DATA ‘WHAT HEBREW SERVED A QUICK LUNCH UNDER A TREE’, 
HOW MANY QUESTIONS DO YOU WISH TO TRY? 5 . ‘ABRAHAM',* СЕМ. 18:6-8" 3 

303 DATA ‘WHAT HUNGRY MAN CURSED A FRUITLESS FIG TREE', 'JESUS', 
' MARK 11:12-14' 

QUESTION # 1 304 DATA 'VHO KILLED HIS BROTHER FOR HUMBLING HIS SISTER', 
'ABSALOM',' 2 SAM. 13° 

WHO SET FIRE TO THREE HUNDRED FOXES TAILS? ADAM 385 DATA "МНО HAD THREE HUNDRED CONCUBINES','SOLOMON',' 1 KINGS 11:1-3' 
INCORRECT ANSWER : 386 DATA ‘WHAT BOY HAD A VARIEGATED COAT', JOSEPH',' GEN. 37:3' 
THE CORRECT ANSVER IS SAMSON. 1 JUDGES 15:455 307 DATA 'VHO HAD A SEAMLESS COAT','JESUS',' JOHN 19:23" 

308 DATA 'WHO ТООК OFF HIS SHOE TO BIND А CONTRACT','BOAZ',' RUTH 4: 7-9" 
QUESTION £ 2 309 DATA ‘WHO SLEPT ON AN IRON BEDSTEAD OVER THIRTEEN FEET LONG', 

SOG as БЕШТ» at 147 
WHAT HEBREW SERVED A QUICK LUNCH UNDER A TREE? ABRAHAM 3198 DATA ‘WHO WAS THE FIRST CITY-BUILDER','CAIN',' СЕМ, 4:17' 

CORRECT ANSVER--VERY GOOD! СЕМ. 18:6-8 311 DATA ‘WHAT PHYSICIAN WAS AN AUTHOR','LUKE',.' COL. 4:14' 
312 DATA 'WHAT SONG-COMPOSER IS CREDITED WITH A THOUSAND AND FIVE SONGS' 

QUESTION £2 3 > "ЅОГОМОМ ">". 1 KINGS 4:32" 
313 DATA 'WHO WAS. THE FIRST PERSON KILLED; "АВЕ", " GEN» 4: 6°: 

WHAT HUNGRY MAN CURSED A FRUITLESS FIG TREE? JESUS 314 DATA "WHO WAS BURIED IN A CAVE WITH HIS WIFE', 'ABRAHAM '» 

CORRECT ANSWER--VERY GOOD! MARK 11:12-14 * GEN. 2569-10: 
315 DATA "УНО ACCIDENTALLY HANGED HIMSELF IN А ТРЕЕ", 'ABSALOM', 

QUESTION # 4 1 2 SAM. 18:9" A 
316 DATA ‘WHAT BLIND MAN KILLED THREE THOUSAND AT A RELIGIOUS FEAST', 

WHO KILLED HIS BROTHER FOR SHUMBLING HIS SISTER? CAIN *SAMSON', t JUDGES 16: 23-38" 
INCORRECT ANSWER S17 DATA “WHAT WAS THE NAME OF “THE FIRST CITY EVER BUILT» 

THE CORRECT ANSWER IS ABSALOM. 2 SAM. 13 “ENOCH! = GENS лүү" 
318 DATA “WHO WAS A MIGHTY HUNTER’. NIMROD ' GEN 19: 9-12" 

QUESTION # 5 319 DATA 'WHO DROVE FURIOUSLY". ''JEHU','- 2 KINGS 9:20" 
329 DATA ‘WHO VAS THE FIRST CHRISTIAN MARTYR','STEPHEN',' ACTS 7' 

WHO HAD THREE HUNDRED CONCUBINES? HEROD 321 DATA "WHO FELL ASLEEP DURING A LONG SERMON', 'EUTYCHUS', 

INCORRECT ANSWER " ACTS 26:39" 
1 THE CORRECT ANSWER IS SOLOMON. 1 KINGS lis l=3 322 DATA 'ЫНАТ CITY IS CALLED THE CITY OF PALM TREES" “JERICHO 52 

DEUT ЗЛЕЗ ' 
OUT OF 5 QUESTIONS YOU ANSWERED 2. CORRECTLY. 323 DATA “WHO CLIMBED A TREE TO SEE JESUS', 'ZACCHAEUS',.* LUKE 19:4? 

YOUR PERCENTAGE FOR CORRECT ANSWERS IS 40 2 324 DATA “WHO KILLED GOLIATH» (DAVID'. * 1-SAM. 17:49" 
325 DATA "УНО WAS CAST INTO A DEN OF LIONS', 'DANIEL',' DAN. 6:16' 

READY 400 END 

124 CREATIVE COMPUTING 
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The Best of Gn 6 ative | 

со раб Volume 2 

This fascinating 336-page book contains the best of the articles, fiction, 
foolishness, puzzles, programs, games, and reviews from Volume 2 issues of 
Creative Computing magazine. The contents are enormously diverse with 
something for everyone. Fifteen new computer games are described with 
complete listings and sample runs for each; 67 pages are devoted to puzzles, 
problems, programs, and things to actually do. Frederik Pohl drops in fora visit 
along with 10 other super storytellers. And much more! The staggering 
diversity of the book can really only be grasped by examining the contents, or 
better yet, the book itself. 

Price is $8.95 plus $0.75 shipping and handling in the USA ($9.70 total): 
outside USA, add $1.00 ($10.70 total). Individual orders must be prepaid. 
Creative Computing Press, Dept. CC-14, P.O. Box 789-M, Morristown, NJ 
07960. 
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Another new game from Creative Computing... . 

FLIP 
by John S. James 

This game may be the only one so easy that even 
an animal could play it, yet hard for people to play 
even as well as random chance. It may be useful in 
training the intuition, and improving gamesmanship 
in speculation-type activities, where each player is 
trying to outguess the other's behavior and stay one 
step ahead. 3 : 

On each turn, the program first selects 'yes' or 
‘no’, but gives you no information about its decision. 
Therefore your guess on the first turn is pure chance, 
there is no skill involved. But soon the program 
starts using patterns in your behavior, making its 
decisions to increase the chance of your next guess 
being wrong. And to make it harder for you, the pro- 
gram doesn't strictly maximize its chances, but 
throws a little randomness into its decisions. 

Variations 

There are endless strategies for programming this 
game, for there could be almost infinitely many defi- 
nitions of what a "pattern" is. No single algorithm 
could be "best", because it must assume a model 
of the human player, and people are different, even 
the same person from moment to moment. Апу good 
algorithm must build or refine its model of the 
player, during the course of the game. 

This particular program keeps an array of 16 prob- 
ability estimates; the person's last two guesses, and 
whether they were right or wrong (16 situations alto- 
gether) determine which estimate is selected. The 
array (which depends on all previous play within 
the game) becomes a model or profile of the player, 
and it can be printed at end of game. Any prob- 
abilities far from .5 indicate predictable behavior in 
the corresponding situations. The profiles can be 
compared over time, or used to study strategy dif- 
ferences between people. They can also be compared 
with random profiles developed by playing games 
with random input such as coin flips, or (more easily) 
by modifying the program so that BASIC statements 
replace the human player and make guesses ran- 
domly (or by some other rule). In fact, different algo- 
rithms could play each other. 

This particular implementation has two param- 
eters: a memory factor (F1) which controls the decay 
rate of old learning when it is overridden by recent 
experience, and a randomness factor (F2) influencing 
the program's likelihood of making the decision sug- 
gested by the probability estimate. These are just 
two of innumerable optional parameters which could 
be used in programming FLIP. 

FLIP Sample Run 

EXPLANATION? QUEE NIS ү 

?Y 
BEGIN» *?Y *?N ?N ?Y ?Y 
?Y *?Y *?N *?N ?Ү ?N 
?Y ?N *?Y ?N ж?№ * 2N 
?N ?Y ?Y ?Y *?Y N 

* 2N ж?Ү *?Y *?N ?N aN 
?N ?Y *2Y ?Y *?Y ?Ү 

*?N *2Y *?Y ?N *?N 
2N *?N ?Y *?N *?N END OF GAME: 
?N TY ?Y ?N ?N YOU GOT 22 OUT. OF 50 

0010 
0020 
0030 
0040 
9050 
0060 
0970 
0080 
00960 
01020 
0110 
0120 
9139 
0140 
90150 
0160 
9170 
90180 
90190 
0200 
02109 
0220 
0230 
0240 
9250 
0260 
9270 

9280 
#290 
0300 
0310 
0320 
0330 
0340 
0350 
90360 
0370 
0380 
03990 
0400 
0410 
0420 
0430 

0449 . 
0450 
0460 
0479 
0480 
0490 
0500 
0510 
0520 
0530 
0540 
0550 
0560 
9570 
0580 
8590 
0600 
9610 
0620 
0630 
0640 
0650 
90660 
0670 
0680 
0690 
0700 
9710 
0720 
97 38 
0740 
9750 
0760 
0770 
9780 
8798 
90800 
08109 
0820 
90839 
9840 
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REM FLIP ; 
PRINT "EXPLANATION? C'Y'/'N'Os ™3 

INPUT T$ 

DR РИУ THEN ESO 
PRINT "ON EACH TURN» YOU GUESS YES ('Y') OR NO ('N'D." 

PRINT "ONLY ONE IS CORRECT. AND THE PROGRAM HAS DECIDED" 

PRINT "WHICH ONE» BEFORE YOU MAKE YOUR GUESSe АТ FIRST," 
PRINT "YOUR ODDS ARE 502, PURE CHANCE. BUT LATER THE" 

PRINT "PROGRAM WILL TRY TO TAKE ADVANTAGE OF PATTERNS" 
PRINT "IN YOUR GUESSING." : 

РВІМТ 
PRINT "GAME ENDS AFTER 50 TURNS; A SCORE OF 24 OR MORE" 
PRINT "IS GOOD. (PROGRAM TELLS WHEN YOU WIN A TURN»'' 

PRINT "BY TYPING AN ASTERISK ('**) AS THE FIRST" 
PRINT "CHARACTER OF THE FOLLOWING LINEe)" 

PRINT 
REM 
REM INITIALIZE: 16 PROBABILITIES» 4 RESPONSES (X)» 
REM OLD-MEMORY FACTOR (F1)» RANDOMNESS FACTOR (F2), 
REM SCORES CS1» 82)», AND RIGHT-ANSWER FLAG.» 

PRINT 
PRINT 
PRINT "BEGIN.'"' 

DIM PCt161»Xt4]J 
FOR 1=1 ТО 16 

PCIJ=¢5 
NEXT I 

FOR 1=1 TO 4 

ХС171=0 
IF RND(@)<e5 THEN 329 

ХГІЈ=1 
NEXT I 

Е1=.8 
F2=03 

51=0 
$2=8 
A$z'* ee 

REM 
REM TAKE THE ESTIMATED PROBABILITY (Z1) 

REM OF THE PERSON GUESSING 'YES'. 
REM USE AN ADJUSTED PROBABILITY (Z8). 

19=8*XC4)+4*XC 3) *2*XEL21*XC11*1 

ZISPLI9] 
Z2271 

IF Z2#¢5 THEN 480 
Z2zRNDCO) 

GOTO 520 
IF Z@>e5 THEN 510 
Z92sZ898*F2tÜ*ClI-F2) 

GOTO 520 
Z9-2Z9*FOtl*C1-F98) 

Z520 
IF RNDCODO«Z8 THEN 560 

Z5=1 
REM 
REM INTERACT WITH PERSON, GET HIS RESPONSE (73)» 
REM UPDATE RESPONSE HISTORY (X)» AND APPROPRIATE PROB» (P(I9)). 

PRINT AS$; 

Z3=0 
INPUT HS 

IF H$="Y" THEN 650 

IF H$="N" THEN 660 i 
PRINT “ERRORS MUST TYPE 'Y’ OR *М'." 

GOTO 690 
Z3=1 
AG=" 69 

52= 52+] 
ТЕ 23825) THEN 710 
А$= 9*3 et 

S1sS1*1 
REM UPDATE X - THE LAST 4 CHOICES. 

XtC132XC(3] 
Xt2]2Xt41 
XC 33223 

Xt 43225 
REM UPDATE THE PROBABILITY» USING OLD 19» 

PCI9J=F1*PCI9I+C1-F1)*XC 31 
IF S2«50 THEN 380 
PRINT A$; 
PRINT 
PRINT "END OF GAME." 

PRINT "YOU GOT "3513" OUT OF ";52 

GOTO 180 
END 

Program Listing 

CREATIVE COMPUTING 
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6. The contents cover the gamut of computer applications in education and 
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school student, from U.S. Senator to underground cartoonist and from corpora- 
tion president to science fiction author. 

. The book is 8% x 11, printed on high-quality paper with 3-color cover. Price in 
USA $8.95 plus 75€ shipping ($9.70 total). Outside USA, shipping is $1.75 
($10.70 total). Please enclose payment—on billed orders we add $1.00 billing 

. charge. Creative Computing Press, Р.О. Box 789-M, Morristown, NJ 07960, 
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СОМІМС ІМ МАҮ: 
SPECIAL PUBLIC-ACCESS ISSUE 

e Communications in the Second Century of the Telephone by 
Arthur C. Clarke. His insight into the future may change your 
behavior and will definitely offer a perspective for what you do 
now. 

e Computers In The Home by Ted Nelson. This master writer 

predicts new applications for your friendly home computer. 
e Step By Step Consumer Guide to Programmable Calculators 

by Edward Tufte describes the factors to check for in choosing 
one. 

e The 25€ Vending-Machine Computer recounts the success 
of Hal Shair in installing a computer in the White Plains Library, 
providing exciting games and worthwhile programs that helped 
figure tax, loan interest, etc.; then watching the users flock to this 
new media resource. ; 

e Calculators, Microcomputers, Minis, and Main Frames. The 

first in a definitive series of articles which will examine the 
characteristics, technology, architecture, and applications of 4 
categories of calculators, 5 categories of micros, 2 categories of 
minis and 4 categories of mainframes, with emphasis on which is 
best for your application be it home, school, business, or 
research. | | 

e Problem-Solving Strategies: Working Backwards. This 
second article in the series of Piele and Wood asks you to figure 
out how many coconuts each of five sailors has after a busy night 
with a monkey. | 

e Dyna-Book: A Crystallized Dream, is John Lee's account of 
the marvelous program at the Learning Research Center at 
Stamford, California, which uses. small talk with a computer 
"notebook" and provides realistic approaches for teaching and 
learning. : 

e Microprocessor Developments by Alan Salisbury provides 
an in depth analysis from the author of Beyond Basic. 

e Microprocessors: A Primer is a non-technical, introductory, 
explanation of how they work, what they are and why the lend 
themselves to an array of applications — an article by Theodore J. 
Cohen by popular request. 

ө Pilot 73 is Gregory Yob's look at this major new language. 
e The Microcomputer Inflicts "Future Shock" on Technical 

Education by Richard Vuillequez warns that our technological 
evolution might be even more equipment dependent than we 
realize. 

ө Source Lists: 
e The Best Computer Films and Where to Get Them 
e Humanistic Users of Computers-Centers, Publications, 

People ... Where to find them 
e Computer Clubs and Stores Updated Complete List 

Creative Computing - Survey Analysis: What you had to say. 
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Here are 10 reasons why 
you Should subscribe to 
CREATIVE COMPUTING 
today. 

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

ae Creative's no-nonsense equipment profiles arm you Home computer kit, mini, timesharing terminal — 

Creative Computing gives you 

with the facts before you talk to the vendor or dealer. a whatever your access to computer power, Creative 

Whether you're interested in a microcomputer kit, a provides thoroughly documented programs with 
mini, terminal, or programmable calculator, you'll complete listings and sample runs that you can use 
find the evaluative information you need in Creative. with minimum effort. Games, simulations, CAI, 
Indeed, one wise hardware decision could save you computer art — whether education or recreation is 
the cost of a lifetime subscription! your bag, you'll find programs which you can use in 

Creative. | 

Creative Computing discusses жог К " А 
computer applications іп поп- _ ho-compromise policy о 
technical understandable editorial excellence means every 

3, 

language. 
Business people who want to know what's going on 
in the EDP department, students who want to learn 

about microprocessors, hobbyists looking to make 

issue is of value to you. 

good use of home computers, or anyone concerned 

We firmly intend to be around a long time and we 
believe the way to do that is to publish only material 

about the effect of the computer on society will find 
these and many, many more mind-expanding topics 

of the very highest quality. We believe our readers 

covered on the pages of Creative. 

are among the most astute, intelligent, and active 
people in the world. You can't afford to waste time 
reading imprecise, opinionated, or wordy articles 
and you wont find any in Creative. 

| Creative Computing covers com- The price is right — only $21 for 3 
| puter education in depth. years. 
| After all, that's where we got our start and so we That same $21 will buy you a pair of Star Trek walkie 
m continue to present four or five major learning talkies, six direct dialed 10 minute calls between 

activities every issue. If you're a teacher. Creative New York and Boston, 3 tankfulls of gas, or 10 
1 will save you hours of preparation time. If youre a cocktails at a Hilton hotel. Wouldn't you rather have 

f student, you'll be way ahead of your class with 18 issues of Creative Computing each containing 
Creative. And if you've already graduated. you can over 85 pages of solid editorial material (including 
bone up on what you missed. advertising, over 100 pages per issue). Count the 

. A A Ж editorial pages in any other hobbyist or special 
Creative Computing carries out interest magazine and compare it to Creative. Any 
standing fiction every issue. other. 1 year subscription $8. Lifetime $300. 

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

Creative Computing’s book 
reviews are honest and timely. 
We're not owned by a big book publisher to whom 

we owe loyalty, nor do we depend upon advertising FOR FASTER RESPONSE 
for our revenue. Hence, not only do our reviews pull 

NO RISK GUARANTEE 
You may cancel your subscription at any time for 
any reason and we will refund the balance without 

question. David Н. Ahl, Publisher 

XE ipti t 
no punches, but we also rank order similar books You can phone your subscription orders to Js а 
(like all 34 books on the BASIC language which we (201) 366-5617. Our lines are open from 9 am to 4:30 
reviewed last year). Creative reviews virtually every pm EST. 
computer book of interest to educators, hobbyists, 
and general laypeople, even including vendor 
manuals and government pamphlets. 

EC RE RE I ii vU EE MP EET | 

SUBSCRIPTION ORDER FORM 
А : : Type Term USA Foreign 

An extensive resource section will ТОРИ TS eer о$ 8 о $ 10 
save you time and money. 3-Year m 4 EMT 
Every issue of Creative carries 40 or more short Lifetime a. 390 ELMO 
resource reviews evaluating periodicals, booklets. Institutional 1-Үеаг о 15 о 15 
hardware, terminals, couplers, peripherals, software 3-Year о 40 о 40 
packages, organizations, dealers, and much тоге. п New о Renewal 

* Every entry has a brief description, evaluation, and 
; the name, address, and phone number of the о Cash, check, or М.О. enclosed 

/ vendor. You'll save valuable time seeking out this 
“ч information, much of which you'd possibly never OBankAmericard Card No. 
3 come across. 

A : А Р я о Master Charge Expiration date 
4 Creative Computing will provide : i 

hours of mind-expanding enter- о Please bill me ($1.00 billing fee will be added) 

tainment, even if you don't have a Name 

computer. 
Address 

Creative Computing carries 100r 12 pages of games 
and puzzles every issue. Most of the puzzles don't City State Zip _ 
need a computer or calculator to solve; some do. 

Naturally, the 4 or 5 new computer games (in Basic, 
Fortran, and APL) in every issue require access to a 
computer. 

Send to: Creative Computing, Department CC-14 
P.O. Box 789-M, Morristown, NJ 07960 ——————————————————4 
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Individual = ' 1-year a 8 s 10 
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Lifetime o 300 о 400 
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For an address change, please attach old label here. 
Without it we cannot assure uninterrupted service. 
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Now you can buy ап 
Altair '8800b or an Altair. 
680b computer right off 
the shelf. Altair plug-in 

boards, peripherals, · 
software and manuals. 

are also available. 
Check the list below 

for the MITS 
dealer in your area. 

ALTAIR COMPUTER CENTER 
.8105 SW Nimbus Ave. 
BEAVERTON, OR 97005 

COMPUTER KITS (S.F. area) 
1044 University Ave. 
BERKELEY, CA 94710 
(415 )-845-5300 

THE COMPUTER STORE 
(Arrowhead Computer Co.) 
820 Broadway 
SANTA MONICA, CA 90401 

. (213)-451-0713 

GATEWAY ELECTRONICS, INC. 
OF COLORADO 
2839 W. 44th Ave. 
DENVER, CO 80211 
(303)-458-5444 : 

COMPUTER SHACK 
3120 San Mateo N.E. 
ALBUQUERQUE, NM 87110 
(505)-883-8282; 883-8283 

ALTAIR COMPUTER CENTER 
. 4941 East 29th St. | 
TUCSON, AZ 85711 
(602)-748-7363 

ALTAIR COMPUTER CENTER 
611 N. 27th St. Suite 9 
LINCOLN, NB 68503 
(402) 474-2800 

COMPUTER PRODUCTS UNLIMITED 
2412 Broadway 
LITTLE ROCK, AR 72206 
(501)-371-0449 

ALTAIR COMPUTER CENTER 
110 The Annex 
5345 East Forty First St. 
TULSA, OK 74135 
_(918)-664-4564 

ALTAIR COMPUTER CENTER 
5750 Bintliff Drive 
HOUSTON, TX 77036 
(713)-780-8981 

COMPUTERS-TO-GO 
4503 West Broad St. 
RICHMOND, VA 23230 
(804)-335-5773 

MICROSYSTEMS (Washington, D.C.) 
6605A Backlick Rd. 
SPRINGFIELD, VA 22150 
(703)-569-1110 

THE COMPUTER STORE 
Suite 5 
Municipal Parking Building j 
CHARLESTON, W. VA. 25301. 
(304)-345-1360 

THE COMPUTER ROOM . 

3938 Beau D'Rue Drive х 
EAGAN, MN 55122 
(612)-452-2567 

THE COMPUTER STORE · 
OF ANN ARBOR А 
310 East Washington Street us 
ANN ARBOR, MI 48104 
(313)-995-7616 - 

° 

THE COMPUTER STORE, 
(Hartford area) . 
63 South Main Street 
WINDSOR LOCKS, CT O6096 
(203)-627-0188 

CHICAGO COMPUTER STORE 
517 Talcott Rd. 
PARK RIDGE, IL 60068 
(314); -823-2388 

GATEWAY ELECTRONICS, NC. 

8123-25 Page Blvd. 
ST. LOUIS, MO 63130 
(314)-427-6116 

BYTE'TRONICS 
Suite 103 
1600 Haves St. 
NASHVILLE, TN 37203 
.(615)-329-1979 
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THE COMPUTER STORE, INC. 
120 Cambridge St. 
BURLINGTON, MA 01803 
(617 )-272-8770 | 

ALTAIR COMPUTER CENTER 
269 Osborne Road - 
ALBANY, NY 12211 
(518 )-459-6140 

THE COMPUTER STORE 
OF NEW YORK 
55 West 39th St. 
NEW YORK, NY 10018 
(212)-221-1404 

THE COMPUTER SYSTEMCENTER 
3330 Piedmont Road 
ATLANTA, GA 30305 
(404)-231-1691 

MARSH DATA SYSTEMS 
5405 B Southern Comfort Bivd. 
TAMPA, FL 33614 
(813)-886-9890 
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